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WILLIAM L. JOHNSTON, DO, FAAO
February 17, 1921–June 10, 2003
It is with sadness that I announce the passing of William L.  Johnston, 
DO, and commemorate his numerous achievements. As Editor-in-
Chief of the American Osteopathic Association (AOA) and having 
served on the AOA Bureau of Research, I have had the opportunity to 
work with truly outstanding people. Dr Johnston, with whom I collab-
orated for more than 20 years, was certainly one of those individuals.

I consider Dr Johnston a mentor in the truest sense of the word. 
He introduced me to research involving osteopathic principles and 
practice in a meaningful way. I met Dr Johnston at the Michigan State 
University College of Osteopathic Medicine (MSU–COM), East 
Lansing, when I was a young physician assuming a new role as vice 
chairman of the Bureau of Research. I was thoroughly impressed with 
the breadth and depth of his understanding of osteopathic medicine, 
particularly the focus he believed was needed in future research.

An outstanding teacher and, more important, an original and pro-
found thinker, Dr Johnston was a professional who got things done. 
Truly, he was an original and special man who deserves every accolade 
that can be applied to such a professional. I am sure I am but one indi-
vidual who will write a memoriam about Dr Johnston.

When I became the AOA’s Editor-in-Chief, I decided to name 
new members to JAOA’s Editorial Advisory Board. I needed a mentor 
to guide my choices. I wanted someone who had the respect of the pro-
fession and who understood what is meant by osteopathic principles 
and practice at the deepest level.

I found that the individual I needed was already on the Editorial 
Advisory Board. He was a go-to individual for many of my questions 
concerning osteopathic medicine. When he spoke at our Editorial 
Advisory Board meetings, the room became quiet and all attention 
was directed toward him. Everything Dr Johnston said was meaningful 
and important and sometimes enormously funny in the way he had of 
bringing reality to the table.

All in the osteopathic medical profession will miss Dr Johnston. 
I know that the faculty and students at MSU–COM will deeply miss 
him. And I will personally feel the void left by one so large in knowl-
edge and personal responsibility.

Dr Johnston’s family was blessed to have had his loving presence. I 
am sure that he will remain fi rmly in their minds and deep in their hearts 
for the remainder of their lives and will most likely live on for genera-
tions to come. A fi ner, more dedicated osteopathic physician committed 
to this profession, its research, and education would be diffi cult to fi nd.

GILBERT E. D’ALONZO, JR, DO

ALBERT F. KELSO, PHD, DSCI (HON)
November 19, 1917–January 29, 2009
It was with a great sense of loss that we inform you of the death of 
Albert F. Kelso, PhD. Dr. Kelso was more than just a colleague and 
fellow Academy member. Dr. Kelso received a Doctor of Philoso-
phy degree from Loyola University Graduate School in 1959 and 
later received a Doctor of Science (Hon) from Kirksville College 
of Osteopathic Medicine in 1970. Dr. Kelso was also a student at 
the Institute of Medicine in Chicago as well as the University of 
Chicago.

Beginning in the mid-40s, Dr. Kelso worked as a biology and 
physiology instructor, professor, and department chair at George 
Williams College and the Chicago College of Osteopathic Medi-
cine. By 1975, he was involved in research serving as the director of 
research affairs as well as a research professor in osteopathic medi-
cine. It was in 1974 when he fi rst became a research consultant on the 
AAO’s Louisa Burns Clinical Observation Committee where he still 
gave counsel until his passing. He was awarded the American Osteo-
pathic Association’s 1981 Louisa Burns Memorial Lecture, “Plan-
ning, Developing and Conducting Osteopathic Clinical Research.” 
Dr. Kelso was honored as the 2005 recipient of the ACADEMY 
AWARD in recognition of his outstanding commitment to the 
osteopathic medical profession, supporting its philosophy, principles, 
and practices.

As a representative of the Association of Colleges of Osteo-
pathic Medicine, Dr. Kelso served on the National Society of Medi-
cal Research in addition to serving as a representative to the Medical 
Legal Council of the Illinois State Medical Society, Medical Records 
and Right to Privacy through 1982. Dr. Kelso was an educational 
consultant for the AOA’s Committee on Colleges and served on their 
Council of Osteopathic Educational Development. Since 1981, he 
served as an editorial referee for the Journal of the AOA, and he was an 
associate editor of the defi nitive textbook, Foundations of Osteopathic 
Medicine, which was published in 1997.

Dr. Kelso was author or contributing author on several publica-
tions and has many abstracts and papers printed in a variety of medi-
cal journals. He was a member of many notable professional societies 
such as the American Academy of Osteopathy, American Osteopathic 
Association, American Physiologic Society, and the Illinois Society for 
Medical Research.

We know that his passing will leave a void not only in our lives but 
also in the hearts of all those who knew him.

This third edition of Foundations of Osteopathic Medicine is dedicated to two individuals who made very 
significant contributions to the development of osteopathic medical research. Common threads bound their careers 
together: dedication to better understanding of the scientific basis of osteopathic medicine; complementary relationship 
in Basic Science and Clinical Science research; and sustained support of the research effort of the American Academy 
of Osteopathy, an affiliate body of the American Osteopathic Association. Their respective years of passage span the 
time between the release of the second and third editions of this text.

DEDICATION
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This third edition of Foundations of 
 Osteopathic Medicine (FOM3) is built on a years-long commit-
ment by members of the osteopathic medical profession and the 
American Osteopathic Association (AOA). An informal proposal 
for a textbook began 30 or more years ago by the Educational 
Council on Osteopathic Principles (ECOP). The effort at that 
time was directed toward development of a longitudinal curricu-
lum in Osteopathic Principles and Practice (OPP). Historically, 
other such forums had also discussed additional alternatives. The 
concept and plan for the text as it emerged were developed within 
the Bureau of Research of the AOA. It was the Bureau’s decision 
to term this activity the “Osteopathic Principles Textbook Proj-
ect”. The Board of Trustees and House of Delegates of the AOA 
provided fi nancial support for its development, and the project 
was launched in July 1990. Under the pioneering leadership of 
Executive Editor Robert C. Ward, DO, FAAO, the fi rst and sec-
ond editions of this text appeared in 1997 and 2003, respectively. 
Doctor Ward’s decision not to continue led to search and selec-
tion of a new executive editor. It was with some trepidation that 
I accepted this great responsibility in late 2006. Personal friend-
ship with Dr. Ward over many years helped to assuage concern, 
and transitioning in responsibility occurred between Dr. Ward 
and I began in November 2006. Formal meetings with Lippincott 
Williams & Wilkins (LWW) personnel and section editors for 
FOM3 occurred at Philadelphia, PA (LWW corporate offi ces) in 
January 2007 and Chicago, IL (AOA Headquarters) in October 
2008. The remainder of work to conclusion of the FOM3 project 
was carried out via a series of teleconferences and ongoing elec-
tronic communication.

The process of review and revision was carried out in a careful 
and thoughtful manner. Particular attention was given to change in 
the construct and delivery of health care in recent years. From this 
viewpoint, the traditional and present positions of the osteopathic 
medical profession were analyzed. Also factored into discussions 
was the rapid growth in numbers and student bodies of colleges 
of osteopathic medicine. This entailed consideration of contempo-
rary curricular tendencies in the numerous institutions. The overall 
decision reached was that FOM3 should be prepared and viewed 
as a resource applicable to all phases of osteopathic medical educa-
tion. As in previous editions, recognition is given to addressing the 
needs of students and practitioners. The format chosen emphasizes 
the approach to the patient. The organization of the text is given in 
the following overview.

PART I: FOUNDATIONS

Section 1: Overview of the Osteopathic 
Medical Profession

The number of chapters in this section is doubled from previ-
ous editions. The role of the ECOP in developing the Osteo-
pathic Five Models is elaborated in Osteopathic Philosophy. 
This effort considers the manifestation of the models (Biome-
chanical; Respiratory-Circulatory; Metabolic; Neurological; 
Behavioral) in three components of a philosophy of medicine 
(Health, Disease, Patient Care). New chapters are Osteopathic 
Education and Regulation and International Osteopathic Medi-
cine and Osteopathy.

Section 2: Basic Sciences

Two major changes characterize this section: The fi ve models of 
patient diagnosis, treatment, and management frequently used by 
osteopathic physicians provide the background for this section. As 
a result, all but three of the chapters in Basic Science and Behavioral 
Science (FOM2) have been completely rewritten or replaced by 
new material. In addition, consolidation into one section refl ects a 
strong belief that integration of body and mind lies at the heart of 
osteopathic medicine.

A complete explanation of the signifi cance of these changes is 
provided in Chapter 5.

PART II: THE PATIENT ENCOUNTER

A completely new emphasis is found in this contribution to FOM3. 
Authors point out that in the initial patient encounter, patient rap-
port is as important as the gathering of historical information. It 
is acknowledged that several clinical issues represent public health 
problems of such magnitude that all physicians must participate in 
detection and treatment (e.g., cancer, hypertension, hypercholes-
terolemia). Effective patient management occurs best within the 
largest possible context, including cultural, socioeconomic, and 
religious/spiritual issues.

PART III: APPROACH TO THE SOMATIC 
COMPONENT

A reorganization of concept characterizes the change represented 
in PART III. Fundamental methods remain, as do osteopathic 
considerations for the various regions of the body. Methods, how-
ever, receive a very different perspective. Designation as Traditional 
Approaches or Contemporary Approaches portrays the present-day 
teaching emphases in the various colleges of osteopathic medicine. 
Patient Vignettes are found throughout. These are presented as 
commonly encountered clinical complaints and serve as a means 
of reinforcing the value of skillful palpation, establishment of an 
appropriate palpatory diagnosis, and a rationale for the selection of 
osteopathic manipulative intervention.

Section 1: Basic Evaluation

Palpation, Screening Examination, Segmental Motion Testing, 
and Posture continue to defi ne fundamental approaches to patient 
assessment.

Section 2: Osteopathic Considerations of Regions

Following precedents from FOM1 and FOM2, the various body 
regions are discussed with a view to facilitating the use of contem-
porary medical information in the establishment of an osteopathic 
medical approach to diagnosis, treatment, and management of 
clinical presentations.

Section 3: Osteopathic Manipulative Treatment

Traditional Approaches
Represented here are the methods of osteopathic manipula-
tive intervention uniformly taught at all colleges of osteopathic 

PREFACE
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 medicine: Thrust (HV/LA); “The Pop”; Muscle Energy; Myofascial 
Release; Osteopathy in the Cranial Field; Strain/Counterstrain; Soft 
Tissue/Articulatory; Lymphatics.

This group of methods was determined during various consul-
tations and discussions held with the ECOP during its meetings, 
2007–2009.

Contemporary Approaches
In the broader perspective of osteopathic theory and practice, vari-
ous other methods are being developed, refi ned, and taught. Not all 
are regularly taught at colleges of osteopathic medicine. Represen-
tatives of this group of methods are Balanced Ligamentous Tension/
Ligamentous Articular Strain; Facilitated Positional Release; Progres-
sive Inhibition of Neuromuscular Structures; Functional Technique; 
Visceral Manipulation; Still Technique; Chapman’s Approach; Fulford 
Percussion.

Whether Traditional or Contemporary, all approaches described 
in FOM3 refl ect the components of the osteopathic medical pro-
fession’s defi nition of Somatic Dysfunction: Impaired or altered 
function of related components of the somatic (body framework) 
system: skeletal, arthrodial, and myofascial structures, and related 
vascular, lymphatic, and neural elements. The systematic use of 
palpation in the process of palpatory diagnosis remains the hall-
mark expression of osteopathic medical practice.

PART IV: APPROACH TO OSTEOPATHIC 
PATIENT MANAGEMENT

Another completely new emphasis is found in this contribution to 
FOM3. It is well recognized that the curricula of many colleges of 
osteopathic medicine utilize case-based learning modules, which 
may employ various formats. Represented here is a selection of 
commonly encountered clinical presentations found in individuals 
from the young to the elderly. The entities chosen for presentation 
do not constitute a comprehensive listing, but serve as guides to 
the development of the thought processes of the osteopathic medi-

cal student and practitioner. Patient Vignettes are used to demon-
strate an osteopathic medical approach to diagnosis, treatment, and 
management of each situation. Further, the applicability of the fi ve 
models of patient diagnosis, treatment, and management is given 
specifi c attention within the context of the clinical presentation.

PART V: APPROACHES TO OSTEOPATHIC 
MEDICAL RESEARCH

Continued refi nement of the focus for osteopathic medical research 
has defi ned fi ve components: Foundations; Priorities; Development/
Support; Biobehavioral; Future. The osteopathic medical profession 
has made many original contributions to the study of its premises. 
There is, in society at large, generous recognition of such. More 
effort is needed in validation of Osteopathic Manipulative Treat-
ment (OMT). With pending changes in the health care deliv-
ery system in coming years, documentation of effi cacy of OMT 
in promoting and maintaining health would be a most welcome 
contribution. Although not the exclusive expression of osteopathic 
medical practice, elucidation of knowledge about effi cacy would 
signifi cantly enhance the appreciation of this approach in attaining 
and maintaining health. This, after all, was the vision of Andrew 
Taylor Still.

The goal of the editorial team of FOM3 has been to continue 
to build on the work of our predecessors in FOM1 and FOM2. 
Change as introduced in this text seeks to acknowledge present 
trends in the educational formats and styles used in colleges of 
osteopathic medicine and their various programs. In doing so, it is 
hoped that the result offers the contemporary expression of osteo-
pathic medical practice. It can only be certain that, with pending 
changes in health care delivery, future editions of this text will also 
seek to improve upon this effort.

It has been a privilege to serve.

ANTHONY G. CHILA, DO, FAAO dist, FCA
Executive Editor
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As Editor-in-Chief of the American 
Osteopathic Association, I again have the pleasure to present 
another edition of Foundations of Osteopathic Medicine. This third 
edition has uniqueness. It is a robust revision of an already strong 
textbook that has embraced the guiding principle and goal of teach-
ing osteopathic medical students to think like osteopathic physi-
cians. So instead of trying to create an “encyclopedic cookbook” 
that educates students on how to treat patients for every conceiv-
able illness, this textbook concentrates on providing a solid founda-
tion and clear examples that illustrate how osteopathic physicians 
think through patients’ problems.

To that end, we replaced the section on individual specialties 
with 17 new chapters in Part IV on problem-based learning. It is 
not intended for these chapters to be all-encompassing. Instead, 
each chapter involves a case example of how osteopathic principles 
and practice can be applied to patient care using existing osteo-
pathic evidence and experience. We hope that faculty at osteo-
pathic colleges and universities use and build on these chapters to 
provide their students with solid examples on how to apply the 
fundamentals of osteopathic medicine to daily patient care.

Additionally, the third edition has been strengthened with revi-
sions made to the chapters on osteopathic manipulative treatment 
techniques (Part III) to concentrate on the techniques that are uni-
versally taught at osteopathic medical schools. However, there has 
been a preservation of the second edition’s effort to expose osteo-
pathic medical students to as many OMT techniques as possible by 
placing eight lesser used treatments in Chapter 52, which is titled 
“Contemporary Approaches.”

Also central to this textbook are osteopathic medicine’s fi ve 
models of treatment, which are introduced in Chapter 5 and applied 
throughout Part IV. Equally critical to understanding and appreci-
ating the Foundation’s major themes are Chapter 1 on osteopathic 
philosophy and Part II on the patient encounter. Together, these 
chapters will lead students to understand how to think and practice 
osteopathically and use the rest of the textbook more effectively.

One can not help but to believe that all physicians may ben-
efi t from various sections in this textbook. I have expressed before 
how I have uncovered both scientifi c and clinical information that 
has helped me understand and practice pulmonary and critical care 
medicine using osteopathic principles and practices.

Importantly, the American Association of Colleges of Osteo-
pathic Medicine’s Educational Council on Osteopathic Principles 

(ECOP) was consulted throughout the process of revising this 
textbook. As with the fi rst two editions of Foundations, ECOP’s 
glossary of terminology is included as an appendix to the third 
edition.

The Foundations textbook was the vision of Howard M. 
Levine, D.O., and the fi rst two editions that were edited by Robert C. 
Ward, D.O. Through their persistent commitment to the osteo-
pathic medical profession, this textbook came to life and fl our-
ished. This third edition would not have been possible without its 
executive editor, Anthony G. Chila, D.O., who dedicated four years 
of his life to planning and executing this revision. He has been a 
model of diligence and diplomacy, working with 10 dedicated sec-
tion editors, all highly accomplished within the osteopathic medi-
cal profession, nearly 80 authors and numerous peer reviewers. To 
ensure that he could devote the necessary time and concentrated 
effort to this edition, Dr. Chila made such sacrifi ces as passing on 
the reins of the editorship of the American Academy of Osteop-
athy Journal. Combining his skills as a leader with his expertise 
in osteopathic medicine, Dr. Chila commanded and received the 
respect of the numerous contributors to Foundations and pulled 
them together to work as a team.

More than anyone else, Dr. Chila identifi ed the new and 
guiding vision for the third edition. He inspired the other lead-
ers and contributors, and he kept the entire complex process on 
track and on time. Dr. Chila paid careful attention to the needs 
of the faculty at our colleges and universities, making sure that he 
received feedback from ECOP on the plans and outcome of this 
edition.

On a personal note, I have known Tony for nearly thirty years, 
and I have admired him for the countless contributions he has 
made to osteopathic medicine. When I asked him to take this chal-
lenge on, he accepted without hesitation. As his colleague and as 
Editor-in-Chief of AOA Publications, I view the third edition of 
Foundations of Osteopathic Medicine as among Tony’s greatest lega-
cies to the osteopathic profession and to medicine in general. I am 
proud of what he has done to make this edition even more relevant 
than previous editions for educating both current and future DOs 
to think like osteopathic physicians.

GILBERT E. D’ALONZO, D.O.
Editor-in-Chief, AOA Publications

American Osteopathic Association

FOREWORD
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3

SECTION I

1 Osteopathic Philosophy
MICHAEL A. SEFFINGER, HOLLIS H. KING, ROBERT C. WARD, JOHN M. JONES, III, FELIX J. 
ROGERS, AND MICHAEL M. PATTERSON

OVERVIEW OF THE OSTEOPATHIC MEDICAL 
PROFESSION

K E Y  C O N C E P T S
■ Osteopathic philosophy forms the foundation for the practice of osteopathic medicine, 

which is a comprehensive and scientifically based school of medicine.
■ Classic osteopathic philosophy was articulated by the founder of the profession, 

Dr. Andrew Taylor Still, and his direct students.
■ Classic osteopathic philosophy expresses Dr. Still’s understanding of health and disease 

and his approach to patient care.
■ Various aspects of osteopathic philosophy and principles have ancient historical roots, 

but, as a unified set of concepts, the philosophy represents a unique approach to health 
and patient care.

■ The expression and emphasis of osteopathic philosophy and its tenets continue to 
evolve over time.

■ Irvin M. Korr, Ph.D., eloquently expressed the tenets of osteopathic philosophy to 
generations of osteopathic students, physicians, and scientists as a professor at several 
osteopathic colleges throughout the latter half of the 20th century.

■ The Educational Council of Osteopathic Principles of the American Association 
of Colleges of Osteopathic Medicine developed a Glossary of Osteopathic Terminology and identified the 
 fundamental osteopathic approaches to patient care.

■ Osteopathic principles guide osteopathic physicians toward a health-oriented, patient-centered approach to health 
care.

INTRODUCTION

Osteopathic philosophy, deceptively simple in its presentation, 
forms the basis for osteopathic medicine’s distinctive approach to 
health care. The philosophy acts as a unifying set of ideas for the 
organization and application of scientifi c knowledge to patient 
care. Through the philosophy, this knowledge is organized in 
relation to all aspects of health (physical, mental, emotional, and 
spiritual). A patient-centered focus, using health-oriented prin-
ciples of patient care and unique skills, including hands-on manual 
diagnosis and treatment, guide the application of that knowledge. 
These concepts form the foundation for practicing osteopathic 
medicine.

Viewpoints and attitudes arising from osteopathic principles 
give osteopathic physicians an important template for clinical 
problem solving, health restoration and maintenance, and patient 
education. In the 21st century, this viewpoint is particularly use-
ful as practitioners from a wide variety of disciplines confront 
 increasingly complex physical, psychological, social, ethical, and 
spiritual problems affecting individuals, families, and populations 
from a wide variety of cultures and backgrounds.

THE EDUCATIONAL COUNCIL ON 
OSTEOPATHIC PRINCIPLES

In the contemporary era, the evolution, growth, and teaching of 
osteopathic philosophy have been coordinated through the Educa-
tional Council on Osteopathic Principles (ECOP) of the American 

Association of Colleges of Osteopathic Medicine. This  organization 
consists of the chairs of the departments of osteopathic principles 
and practice from each osteopathic medical school. It is the “expert 
panel” in the osteopathic medical profession in regard to osteopathic 
manipulative medicine and osteopathic philosophy and principles. 
These osteopathic physicians are considered leading-edge thinkers 
in terms of osteopathic philosophy and principles.

One of ECOP’s charges is to obtain consensus on the usage of 
terms within the profession. The Glossary of Osteopathic Terminology 
was fi rst published in 1981 (1) and is updated annually. The latest 
edition is available through the American Association of Colleges 
of Osteopathic Medicine and the American Osteopathic Associa-
tion (AOA) websites; the 2009 edition is reprinted in the appendix 
to this textbook. The 2009 Glossary includes the following defi ni-
tion of osteopathic philosophy:

A concept of health care supported by expanding scientifi c 
knowledge that embraces the concept of the unity of the living 
organism’s structure (anatomy) and function (physiology). Osteo-
pathic philosophy emphasizes the following principles:

1. The human being is a dynamic unit of function
2. The body possesses self-regulatory mechanisms that are 

self-healing in nature
3. Structure and function are interrelated at all levels
4. Rational treatment is based on these principles

One of the products of ECOP’s work was the develop-
ment of a uniquely osteopathic curriculum for medical educa-
tion that was founded upon a health-oriented, patient-centered 

Chila_Chap01.indd   3Chila_Chap01.indd   3 8/5/2010   7:45:31 AM8/5/2010   7:45:31 AM



4 I • FOUNDATIONS

perspective and focused on restoration, enhancement, and 
 maintenance of normal physiologic processes (2). When utiliz-
ing a health-oriented perspective, it is crucial to restrain from 
focusing solely on that which is dysfunctional or impeding func-
tion, but to also acknowledge the physiologic adaptive response 
pattern that can be facilitated to enhance the patient’s capacity 
to maintain or restore optimal function and health. Physiology 
texts (e.g., Vander) describe ten basic coordinated body func-
tions, namely:

 1. Control of posture and body movement
 2. Respiration
 3. Circulation
 4. Regulation of water and electrolyte balance
 5. Digestion and absorption of nutrients and elimination of wastes
 6. Metabolism and energy balance
 7. Protective mechanisms
 8. The sensory system
 9. Reproduction
10. Consciousness and behavior

The ECOP group combined these into fi ve basic integrative 
and coordinated body functions and coping strategies that were 
considered in a context of healthful adaptation to life and its 
 circumstances:

1. Posture and motion, including fundamental structural and 
 biomechanical reliability

2. Gross and cellular respiratory and circulatory factors
3. Metabolic processes of all types, including endocrine-mediated, 

immune-regulatory, and nutritionally related biochemical pro-
cesses

4. Neurologic integration, including central, peripheral, auto-
nomic, neuroendocrine, neurocirculatory, and their refl ex rela-
tionships

5. Psychosocial, cultural, behavioral, and spiritual elements

USING THE FIVE MODELS IN PATIENT 
ASSESSMENT AND TREATMENT

These fi ve coordinated body functions have been referred to as 
“fi ve models,” referring to the fact that they represent particular 
approaches to the patient. The conceptual models are perspec-
tives by which one might view the patient. This is analogous to 
viewing a patient through a lens; by altering the focal length 
of the lens one could view different aspects of the patient and 
gain various perspectives on the patient’s struggle to maintain 
health. This would open many avenues for diagnosis, treatment, 
and management, including the use of palpatory diagnosis and 
osteopathic manipulative treatment (OMT). It is important to 
keep in mind that the fi ve models are merely expressions of our 
physiological functions that maintain health and play key roles 
in adaptation to stressors as well as in recovery and repair from 
illness and disease.

The musculoskeletal system can be viewed as the core that 
links these fi ve coordinated body functions.

Figure 1.1 depicts the musculoskeletal system as the core or 
hub of a fi ve-spoked wheel. Careful observation and educated pal-
pation help make the musculoskeletal system a natural entry point 
for both diagnosis and treatment. Importantly, the musculoskeletal 
system often refl ects numerous signs relating to internal diseases. 
The models provide a framework for interpreting the signifi cance of 
somatic dysfunction within the context of objective and subjective 
clinical information. These models therefore guide the  osteopathic 

practitioner’s approach to diagnosis and  treatment. Typically, a 
combination of models will be appropriate for an individual patient. 
The combination chosen is modifi ed by the patient’s differential 
diagnosis, comorbidities, and other therapeutic regimens.

The fi ve-model concept has been used in osteopathic post-
graduate manual medicine courses for over 35 years (3), in osteo-
pathic manual medicine texts (4), and in osteopathic postgraduate 
education journals (5,6). In 2006, the World Health Organization 
recognized the osteopathic fi ve-model concept as a unique osteo-
pathic contribution to world health care (Personal Communica-
tion, Jane Carreiro, DO, AOA representative to the World Health 
Organization, 2006). The fi ve models are:

■ Biomechanical model
■ Respiratory-Circulatory model
■ Neurological model
■ Metabolic-Energy model
■ Behavioral model

Regional anatomical approaches to the patient were presented 
initially in the writings of Dr. Andrew Taylor Still, MD, DO. 
In considering an osteopathic visual and palpatory structural 
evaluation and treatment approach to the various body regions, 
ECOP considered that as the muscles and joints of the trunk 
and extremities are primarily involved in posture and motion, 
addressing them would be within the perspective of the Biome-
chanical model; addressing the costal cage and diaphragms, being 
that they are responsible for the movements associated with tho-
racic respiration and return of venous and lymph to the heart 
for recirculation, are considered as part of the Respiratory-Cir-
culatory model; assessment and treatment of the abdominopelvic 
regions represent the Metabolic-Energy model as this is where 
our internal organs that process food, convert it to usable energy, 
and discard metabolic by-products (waste) reside; assessing and 
treating the head and spinal regions represent the Neurological 
model; addressing the patient’s lifestyle, environmental stressors, 
values, and choices represents the Behavioral model. Table 1.1 
outlines the fi ve models as applied to assessment and treatment.

Figure 1-1 Osteopathic philosophy of health displayed as the coor-
dinated activity of fi ve basic body functions, integrated by the mus-
culoskeletal system, adapting to environmental stressors. Evaluation 
and treatment of the musculoskeletal system is performed in light of 
its ability to affect not only the fi ve functions but also ultimately the 
person’s own ability to adapt to internal and external stressors.
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Biomechanical Model

The Biomechanical model views the patient from a structural 
or mechanical perspective. Alterations of postural mechanisms, 
motion, and connective tissue compliance, regardless of etiol-
ogy, often impede vascular, lymphatic, and neurologic functions. 
As the structural integrity and function of the musculoskeletal 
system is interactive and interdependent with the neurologic, 
respiratory-circulatory, metabolic, and behavioral structural 
 components and functions of the patient, this model considers 
that a structural impediment causing, or being caused by, a dys-
function of muscles, joints, and/or connective tissue, can com-
promise vascular or neurologic structures and therefore affect 
associated metabolic processes and/or overt behaviors. Depend-
ing on the person’s adaptive capabilities, this can lead to distur-
bances in various body functions, including mental functions, as 
well as decrease the patient’s homeostatic capacity. The person’s 
ability to adapt to, or recover from, insults and stressors, or pre-
vent further breakdown, becomes further compromised. Social 
activity is often adversely affected and economic consequences 
follow. The biomechanical perspective leads the osteopathic 
physician to assess the patient for a structural impediment, 
and upon removal of the impediment, that is, by correction of 
somatic dysfunction through application of OMT, enable the 
patient to regain associated structural, vascular, neurologic, met-
abolic, and behavioral functions. The objective is to optimize 
the patient’s adaptive potential through restoration of structural 
integrity and function.

For example, a patient who is in an automobile accident often 
sustains a whiplash-type injury and subsequently has diffi culty 
moving her neck, shoulders, and low back. If there is trauma to the 
costal cage, rib motion is impeded and breathing becomes diffi cult 
as well. Due to the lack of motion and muscle spasms, the patient 
begins to feel shooting pains into her arms, or pins and needles in 
her thumb and index fi ngers. She gets lightheaded and dizzy upon 
standing, loses her appetite, cannot maintain her exercise routine, 
has diffi culty sleeping, and therefore cannot concentrate on study-
ing or doing her work very well. Her structural problems have 
caused motion restrictions that have affected her four other main 
physiological functions, that is, the other four domains of health. 
Alleviation of her somatic dysfunction enables restoration of her 
normal posture and motion and improvement in her breathing and 
blood circulation; she begins to eat well again, restarts her exercise 
program, and sleeps through the night to awaken refreshed, ener-
getic, and able to concentrate. She can study and do her work once 
again.

Respiratory-Circulatory Model

Approaching the patient from the perspective of the Respiratory-
Circulatory model entails focusing on respiratory and circulatory 
components of the homeostatic response in pathophysiological 
processes. This includes central as well as peripheral processes 
that are involved in the dynamic interaction between these two 
paramount functions, that is, central neural control, cerebral spinal 

T A B L E  1 . 1

Osteopathic Approaches to Patient Care

Model Anatomical Correlates Physiological Functions

Biomechanical Postural muscles, spine, and 
extremities

Posture and motion

Respiratory-
Circulatory

Thoracic inlet, thoracic and 
pelvic diaphragms, tentorium 
cerebelli, costal cage

Respiration, circulation, 
venous, and lymphatic 
drainage

Metabolic-
Energy

Internal organs, endocrine 
glands

Metabolic processes, 
homeostasis, energy balance, 
regulatory processes; 
immunological activities and 
inflammation and repair; 
digestion, absorption of 
nutrients, removal of waste; 
reproduction

Neurological Head (organs of special 
senses), brain, spinal cord, 
autonomic nervous system, 
peripheral nerves

Control, coordination, and 
integration of body 
functions; protective 
mechanisms; sensation

Behavioral Brain Psychological and social 
activities, e.g., anxiety, 
stress, work, family; habits, 
e.g., sleep, drug abuse, 
sexual activities, exercise; 
values, attitudes, beliefs
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back and neck muscles tighten. The intestines fi ll with gas, which, 
due to lack of intestinal motility, expand within the abdominal cav-
ity causing distension, pain, and sometimes nausea and vomiting. 
The patient is not able to eat or pass the gas through the rectum, 
cannot sleep, ambulate, or take full breaths. The lungs partially col-
lapse and breathing becomes diffi cult. All fi ve domains of health 
are compromised. Treatment entails OMT to release the paraspi-
nal tensions and spasms that decreases sympathetic hyperactivity 
and increases parasympathetic activity, ultimately restoring nor-
mal intestinal motility. Sometimes, nasogastric suction is helpful 
as well. Intravenous fl uids may be needed to hydrate the patient. 
Once the nervous system functions normally once again, meta-
bolic, respiratory, and motion functions return to normal as well. 
The patient returns to normal activity, and normal diet and sleep 
cycles also are restored.

Metabolic-Energy Model

In viewing the patient from the perspective of the Metabolic-
Energy model, focus is placed upon the metabolic and energy-
conserving aspects of the homeostatic adaptive response. This 
includes evaluation and treatment of cellular, tissue, and organ sys-
tems as they relate to each other’s energy demand and consump-
tion as well as production of work or products. The role of the 
musculoskeletal system and the connective tissues of the body in 
pathophysiological processes are important as they are accessible to 
palpation and manipulation. Effi cient posture and motion, arterial 
supply, venous and lymphatic drainage, CSF fl uid mechanics, neu-
rologic, endocrine and immune functions, and prudent behaviors, 
balanced emotions, and proper nutrition are the keystones of energy 
conservation and effi ciency of metabolic functions. Improving the 
functions of any of these components will aid the total body energy 
economy. This will maximize the patient’s adaptive resources and 
ability to successfully respond and adapt to stressors.

The Metabolic-Energy model recognizes that the body seeks 
to maintain a balance between energy production, distribution, and 
expenditure. This aids the body in its ability to adapt to various 
stressors, including immunological, nutritional, and psychological 
types. The body’s ability to restore and maintain health requires 
energy-effi cient response to infectious agents and repair of injuries. 
Proper nutrition enables normal biochemical processes, cellular 
functions, and neuromusculoskeletal activity. Additionally, inju-
ries to the musculoskeletal system tax the body’s energy economy. 
Physical activity promotes optimum cardiovascular function, but 
an ineffi cient musculoskeletal system increases the body’s allostatic 
load or burden. Therapeutic application of OMT within this model 
addresses somatic dysfunction that has the potential to dysregulate 
the production, distribution or expenditure of energy, increase allo-
static load, or interfere with immunological and endocrinological 
regulatory functions. Another therapeutic application using this 
model includes prescribing medications to improve and stabilize 
metabolic and systemic functions.

A patient with congestive heart failure has to conserve energy 
so as not to further strain the heart. Any compromise of effi cient 
posture and motion will place too high of an energy demand on the 
failing heart, increasing the congestion in the lungs and edema in 
the feet. So, if the patient stumbles and sprains his ankle, the dif-
fi culty in ambulating with only one good leg can cause signifi cant 
worsening of the congestive heart failure. Breathing becomes more 
diffi cult and appetite becomes decreased. The nervous system relays 
information from the struggling heart to the surrounding musculo-
skeletal system, which creates muscle tensions and stiffness in the 
costal cage and cervical and thoracic spinal joints. The patient is 

fl uid fl ow, arterial supply, venous and lymphatic drainage, as well 
as pulmonary and cardiovascular function. Additionally, this model 
views the interaction between respiratory-circulatory functions and 
musculoskeletal, neurologic, metabolic, and behavioral functions as 
they affect the patient’s adaptive response and total homeostatic 
or health potential. Evaluation and treatment is geared toward 
maximizing the capacity and effi ciency of respiratory-circulatory 
functions in order to maximize the patient’s health potential. The 
respiratory-circulatory model concerns itself with the maintenance 
of extra- and intracellular environments through the unimpeded 
delivery of oxygen and nutrients and the removal of cellular waste 
products. Tissue stress interfering with the fl ow or circulation of 
any body fl uid can affect tissue health. OMT within this model 
addresses dysfunction in respiratory mechanics, circulation, and the 
fl ow of body fl uids.

A case in point is the patient with pneumonia. In this condi-
tion, an infection occurs in the lung, there is congestion of fl uids 
in the lungs, and respiration is compromised. Often, each breath 
causes pain. The nervous system communicates this information 
to the musculoskeletal system that accommodates and responds 
by decreasing respiratory motion in the costal cage and upper 
back in the area of the infected lung tissue and irritated pleura. 
These changes in the musculoskeletal system can be palpated and 
treated with osteopathic manipulation to relax the tense muscles 
and provide some comfort, as well as helping to mobilize the con-
gested fl uids in the lungs. The pneumonia also affects the patient’s 
metabolism and energy level. Fighting an infection such as this is 
exhausting and the patient complains of fatigue, loss of appetite, 
and has increased need for sleep. Social interactions are adversely 
affected. So, all fi ve domains of health are affected and need to be 
addressed as part of the management plan for this patient. Getting 
the patient’s respiration and circulation of fl uids back into normal 
order is the primary goal, which will improve function of all of the 
other body functions in a coordinated fashion. Thus, the osteopathic 
physician would focus on treating the pneumonia with antibiot-
ics, rehydrating the patient with intravenous fl uids and restoring 
normal motion and function of the costal cage, diaphragm, and 
thoracic and cervical spine with OMT as appropriate.

Neurological Model

The Neurologic model views the patient’s problems in terms of 
aberrancies or impairments of neural function that are caused by 
or cause pathophysiologic responses in structural, respiratory-
 circulatory structures and functions, metabolic processes, and 
behavioral activities. More specifi cally, the Neurological model con-
siders the infl uence of spinal facilitation, proprioceptive function, 
the autonomic nervous system, and activity of nociceptors (pain 
fi bers) on the function of the neuroendocrine immune network. 
Of particular importance is the relationship between the somatic 
and the visceral (autonomic) systems. Therapeutic application of 
OMT within this model focuses on the reduction of mechanical 
stresses, balance of neural inputs, and the elimination of nocicep-
tive drive. The goal of treatment in this model is to re-establish 
normal (optimal) neural function. Restoration or optimization of 
neural integrative and regulatory functions will improve effi ciency 
in associated structural, vascular, metabolic, and behavioral func-
tions. This will help to maximize the patient’s adaptive potential 
and regain optimal health.

An example patient for whom using a neurological focus for 
evaluation and management would be advantageous is one with 
peristalsis, or lack of intestinal motion, after general anesthesia and 
abdominal surgery. Through neurological refl exes, the paraspinal 
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patient to exert considerable willpower, courage, and perseverance 
in order to overcome the habit. Medications may be needed to help 
the patient gain control over the addiction. The osteopathic physi-
cian and the entire professional health care team, including family 
and friends, need to encourage the patient to work toward the goal 
of restoration of health by removal of the offending agent (tobacco 
and its related chemicals), offering medications to improve lung 
function, and providing much-needed psychological support. The 
primary treatment for the disease is for the patient to stop smoking 
and allow the body to heal itself. OMT to improve compliance of 
the costal cage can reduce the physical burden of breathing that is 
typically labored and exhausting to the muscles of respiration. The 
cervical paraspinal muscles become hypertonic and painful, which 
can be relieved with OMT. In this instance, OMT is an adjunct to 
the primary treatment, which is behavioral in nature. Often, OMT 
enables the physician to obtain trust and build rapport with the 
patient, enabling a partnership that facilitates the achievement of 
the mutual goal of ridding the patient of the smoking habit.

OSTEOPATHIC PRINCIPLES AS 
PRACTICE GUIDELINES

The contributions of A.T. Still and the osteopathic medical 
profession affect many aspects of general patient care. First, irre-
spective of diagnoses or practitioner, the patient is of central impor-
tance. Second, a competent differential diagnosis is essential. This 
includes all aspects of the person (body, mind, and spirit), as shown 
in Box 1.1. Third, clinical activities integrate realistic expectations 
with measurable outcomes. Finally, and ideally, patient-oriented 
educational efforts pragmatically address both personal and family-
related concerns. The patient is ultimately responsible for long-
term self-health care. Emphasis is on health restoration and disease 
prevention.

Irvin M. Korr, Ph.D., a prominent and well-respected scientist, 
philosopher, and educator reasoned (7):

[There are] three major components of our indwelling health 
care system, each comprising numerous component systems. 
In the order in which humans became aware of them, they are 
(a) the healing (remedial, curative, palliative, recuperative, reha-
bilitative) component; (b) the component that defends against 
threats from the external environment; and (c) the homeostatic, 
health-maintaining component. These major component sys-
tems, of course, share subcomponents and mechanisms.

unable to lie down or sleep well. Again, all fi ve domains of health 
are affected. The primary goal of treatment is to relieve the burden 
on the failing heart, that is, fi x the sprained ankle and support the 
patient’s motion needs in the meantime. Fluid and salt intake need 
to be closely controlled. Medications that help to excrete the excess 
fl uids from the body and strengthen the heart contractility are typi-
cally needed as well as bed rest until the heart regains its strength. 
Once the metabolic-energy expenditure needs are addressed, respi-
ration-circulation, posture and motion, neurological function, and 
behavioral activities are subsequently restored.

Behavioral Model

The Behavioral model recognizes that the assessment of a 
patient’s health includes assessing his or her mental, emotional, 
and spiritual state of being as well as personal lifestyle choices. 
Health is often affected by environmental, socioeconomic, cul-
tural, and hereditary factors and the various emotional reactions 
and psychological stresses with which patients contend. Envi-
ronmentally induced trauma and toxicities, inactivity and lack 
of exercise, use of addictive substances, and poor dietary choices 
all serve to diminish a patient’s adaptive capacity, rendering the 
patient vulnerable to opportunistic organisms and/or organ and 
system failure.

The osteopathic physician uses the behavioral perspective to 
consider that the musculoskeletal system expresses feelings and 
emotions, and stress manifests in increased neuromuscular tension. 
Somatic dysfunction affects the musculoskeletal system’s reaction 
to biopsychosocial stressors. OMT is employed within this model 
with the goal of improving the body’s ability to effectively man-
age, compensate, or adapt to these stressors. The osteopathic phy-
sician utilizes compassionate, caring, and education skills to help 
patients maximize their coping capabilities and improve healthy 
lifestyle and behavioral choices. The whole person—body, mind, 
and spirit—is considered in the individualized management plan. 
Psychological, social, cultural, behavioral, and spiritual elements are 
addressed within the management plan as needed. In addition to 
providing care for the cause of diseases, the patient’s perspective of 
needing palliative and remedial care is also addressed. In addition, 
the Behavioral model entails providing patient education on health, 
disease and lifestyle choices, mental outlook, and preventive care.

A patient with chronic obstructive pulmonary disease (emphy-
sema) from tobacco abuse is a patient for whom the behavioral 
perspective plays a primary role in osteopathic management. After 
decades of smoking at least one pack of cigarettes per day, the lungs 
undergo anatomical change and can no longer exchange carbon 
dioxide for oxygen appropriately. This alters many metabolic pro-
cesses throughout the body that rely on this gas exchange. Vascular 
functions are compromised since oxygen is not delivered appropri-
ately to the tissues and carbon dioxide builds up creating an acidic 
environment that is toxic to normal cells. Neurologic functions, that 
is, brain activity, suffer from this altered metabolic milieu. Muscu-
loskeletal structures and functions throughout the body undergo 
adaptation, that is, the barrel-shaped costal cage formed by patients 
with emphysema due to retained air in the lungs. There are further 
changes in the behavioral realm. The patient who cannot breathe 
effi ciently becomes short of breath, anxious, and agitated easily, inse-
cure, and loses self-confi dence. He or she cannot tolerate exercise or 
exertion. Sleep is disturbed and diffi cult as the patient can only get 
rest in the seated position, or propped up on two or more pillows in 
bed, which is not comfortable for the low back after several hours. 
Work and social relations are compromised, often leading to disabil-
ity and isolation. Smoking is an addictive behavior that requires the 

Health Restoration and Disease Prevention
Although osteopathically oriented medical care emphasizes 
competent comprehensive patient management, it also places 
importance on restoration of well being appropriate for the 
patient’s age and health potential. This includes addressing:

• Physical, mental, and spiritual components
• Personal safety, such as wearing seat belts
• Sufficient rest and relaxation
• Proper nutrition
• Regular aerobic, stretching and strengthening exercises
• Maintaining rewarding social relationships
• Avoidance of tobacco and other abused substances
•  Eliminating or modifying abusive personal, interpersonal, 

family, and work-related behavior patterns
• Avoidance of environmental radiation and toxins
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health is each individual’s. That responsibility is met by the way 
the person lives, thinks, behaves, nourishes himself or herself, 
uses body and mind, relates to others, and the other factor usu-
ally called lifestyle. Each person must be taught and enabled to 
assume that responsibility.

It is the physician’s responsibility, while giving palliative and 
remedial attention to the patient’s immediate problem, to sup-
port each patient’s internal health care system, to remove impedi-
ments to its competence, and above all, to do it no harm. It is also 
the responsibility of physicians to instruct patients on how to do 
the same for themselves and to strive to motivate them to do so, 
especially by their own example.

The relationship between patient and osteopathic physician is 
therefore a collaborative one, a partnership, in maintaining and 
enhancing the competence of the patient’s personal health care 
system. The maintenance and enhancement of health is the most 
effective and comprehensive form of preventive medicine, for 
health is the best defense against disease (7).

In 2002, an ad hoc interdisciplinary task force of osteopathic 
educators, philosophers, and researchers proposed osteopathic 
principles for patient care (8):

1.  The Patient Is the Focus for Health Care—All osteopathic 
physicians, irrespective of the specialty of the practitioner, 
are trained to focus on the individual patient. The relation-
ship between clinician and patient is a partnership in which 
both parties are actively engaged. The osteopathic physician 
is an advocate for the patient, supporting his or her efforts to 
optimize the circumstances to maintain, improve, or restore 
health.

2.  The Patient Has the Primary Responsibility for His or Her 
Health—While the physician is the professional charged with 
the responsibility to assist a patient in being well, the physician 
can no more impart health to another person than he or she 
can impart charm, wisdom, wit, or any other desirable trait. 
Although the patient–physician relationship is a partnership, 
and the physician has signifi cant obligations to the patient, 
ultimately the patient has primary responsibility for his or her 
health. The patient has inherent healing powers and must nur-
ture these through diet and exercise as well as adherence to 
appropriate advice in regard to stress, sleep, body weight, and 
avoidance of abuse.

3.  An Effective Treatment Program for Patient Care—An 
effective treatment program for patient care is founded on 
the above tenets and incorporates evidence-based guidelines, 
optimizes the patient’s natural healing capacity, addresses the 
primary cause of disease, and emphasizes health maintenance 
and disease prevention. The emphasis on the musculoskeletal 
system as an integral part of patient care is one of the defi ning 
characteristics of osteopathic medicine.

When applied as part of a coherent philosophy of the practice of 
medicine, these tenets represent a distinct and necessary approach 
to health care. Evidence-based guidelines should be used to 
encourage those treatments with proven effi cacy and to discour-
age those that are not benefi cial, or even harmful. Osteopathic 
medicine embraces the concept of evidence-based medicine as 
part of a valuable reformation of clinical practice.

When the internal health care system is permitted to operate 
optimally, without impediment, its product is what we call health. 
Its natural tendency is always toward health and the recovery of 
health. Indeed, the personal health care system is the very source 
of health, upon which all externally applied measures depend for 
their benefi cial effects. The internal health care system, in effect, 
makes its own diagnoses, issues its own prescriptions, draws upon 
its own vast pharmacy, and in most situations, administers each 
dose without side effects. Health and healing, therefore, come 
from within. It is the patient who gets well, and not the practitio-
ner or the treatment that makes [him or her] well.

In caring for the whole person, the well-grounded osteopathic 
physician goes beyond the presenting complaint, beyond relief of 
symptoms, beyond identifi cation of the disease and treatment of 
the impaired organ, malfunction, or pathology, important as they 
are to total care. The osteopathic physician also explores those 
factors in the person and the person’s life that may have con-
tributed to the illness and that, appropriately modifi ed, compen-
sated, or eliminated, would favor recovery, prevent recurrence, 
and improve health in general.

The physician then selects that factor or combination of factors 
that are readily subject to change and that would be of suffi cient 
impact to shift the balance toward recovery and enhancement of 
health. The possible factors include such categories as the bio-
logical (e.g., genetic, nutritional), psychological, behavioral (use, 
neglect, or abuse of body and mind; interpersonal relationships; 
habits; etc.), sociocultural, occupational, and environmental. 
Some of these factors, especially some of the biological [ones], 
are responsive to appropriate clinical intervention, some are 
responsive only to social or governmental action, and still others 
require changes by patients themselves. Osteopathic whole-per-
son care, therefore, is a collaborative relationship between patient 
and physician.

It is obvious that some of the most deleterious factors are diffi cult 
or impossible for patient and physician to change or eliminate. 
These include (at least at present) genetic factors (although some 
inherited predispositions can be mitigated by lifestyle change). 
They include also such items as social convention, lifelong habits 
(e.g., dietary and behavioral), widely shared beliefs, prejudices, 
misconceptions and cultural doctrines, attitudes, and values. 
Others, such as the quality of the physical or socioeconomic 
environments, may require concerted community, national, and 
even international action.

Focus falls, therefore, upon those deleterious factors that are 
favorably modifi able by personal and professional action, and 
that, when appropriately modifi ed or eliminated, mitigate the 
health-impairing effects of the less changeable factors. Improve-
ment of body mechanics by osteopathic manipulative treatment 
is a major consideration when dealing with these complex inter-
actions.

Korr explored the implications of what he called “our personal 
health care systems” and how that concept guides the doctor-
patient relationship:

This principle has important implications for the respective 
responsibilities of patient and physician and for their relation-
ship. Since each person is the owner and hence the guard-
ian of his or her own personal health care system, the ultimate 
source of health and healing, the primary responsibility for one’s
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and concepts of the Methodist, Spiritualist, and Universalist move-
ments of the period (9).

Following the loss of three children to spinal meningitis in 1864, 
Still immersed himself in the study of the nature of health, illness, 
and disease (10). His goal was to discover defi nitive methods for cur-
ing and preventing all that ailed his patients. He implicitly believed 
there was “a God of truth,” and that “All His works, spiritual and 
material, are harmonious. His law of animal life is absolute. So wise 
a God had certainly placed the remedy within the material house in 
which the spirit of life dwells.” Furthermore, he believed he could 
access these natural inherent remedies “… by adjusting the body in 
such a manner that the remedies may naturally associate themselves 
together, hear the cries, and relieve the affl icted” (10). In this quest, 
he combined contemporary philosophical concepts and principles 
with existing scientifi c theories. Always a pragmatist, Still accepted 
aspects of different philosophies, concepts, and practices that worked 
for him and his patients. He then integrated them with personal 
discoveries of his own from in-depth studies of anatomy, physics, 
chemistry, and biology (9). The result was the formulation of his 
new philosophy and its applications. He called it “Osteopathy.”

Still’s moment of clarity came on June 22, 1874. He writes, “I was 
shot, not in the heart, but in the dome of reason” (10). “Like a burst of 
sunshine the whole truth dawned on my mind, that I was gradually 
approaching a science by study, research, and observation that would 
be a great benefi t to the world” (10). He realized that all living things, 
especially humans, were created by a perfect God. If humans were the 
embodiment of perfection, then they were fundamentally made to be 
healthy. There should be no defect in their structures and functions.

Since he believed that “the greatest study of man is man,” 
he dissected numerous cadavers to test his hypothesis (10). He 
believed that if he could understand the construction (anatomy) of 
the human body, he would comprehend Nature’s laws and unlock 
the keys to health. Still found no fl aws in the concepts of the body’s 
well-designed structure, proving to himself that his own hypothesis 
was correct.

A corollary to Still ’s revelation was that the physician does not cure 
diseases. In his view, it was the job of the physician to correct struc-
tural disturbances so the body works normally, just as a mechanic 
adjusts his machine. In Research and Practice he wrote,

The God of Nature is the fountain of skill and wisdom and the 
mechanical work done in all natural bodies is the result of abso-
lute knowledge. Man cannot add anything to this perfect work 
nor improve the functioning of the normal body…. Man’s power 
to cure is good as far as he has a knowledge of the right or normal 
position, and so far as he has the skill to adjust the bones, muscles 
and ligaments and give freedom to nerves, blood, secretions and 
excretions, and no farther. We credit God with wisdom and skill 
to perform perfect work on the house of life in which man lives. It 
is only justice that God should receive this credit and we are ready 
to adjust the parts and trust the results (11).

While Still practiced the orthodox medicine of his day from 
1853 to 1879, including the use of oral medications such as pur-
gatives, diuretics, stimulants, sedatives, and analgesics, and exter-
nally applied salves and plasters, once he began using his new 
 philosophical system he virtually ceased using drugs. This occurred 
after several years where he experimented with combinations of 
drugs and manipulative treatment. In addition, he compared his 
results with those of patients who received no treatment at all 
(10). After several years’ experience, he became convinced that his 
mechanical corrections consistently achieved the same or better 
results without using medications.

Andrew Taylor Still told his students “the object of the doctor 
is to seek health; anyone can fi nd disease.” This precept pro-
vides a useful orientation in patient care. An emphasis on health 
rather than disease helps to promote optimism. It may facilitate 
efforts to engage the patient as an active participant in recov-
ery from illness. It may also encourage the realization that no 
single treatment approach is successful for every patient. Rather, 
optimal approaches will use diet, exercise, medications, manipu-
lative treatment, surgery, or other modalities according to the 
needs and wishes of the patient and the skill and aptitude of the 
practitioner (8).

In end-stage conditions, it is recognized that treatment may be 
only palliative, remedial, and supportive. The AOA position paper 
on end-of-life care promotes compassionate and humanistic care 
tailored to the needs of each individual patient and his or her family.

Osteopathically oriented problem solving and treatment plans 
help guide the application of osteopathic principles in medical, 
behavioral, and surgical care. In 1987, ECOP developed guide-
lines for use by osteopathic physicians in developing an osteopathic 
management plan (2). The extent to which palpatory diagnosis and 
manipulative treatment are specifi cally useful interventions for a 
wide variety of neuromusculoskeletal problems remains to be seen 
through research. However, since many clinical presentations com-
monly interfere with a patient’s ability to meet the requirements of 
normal daily activities (including appropriate exercise), it stands to 
reason that improving the effi ciency of the neuromusculoskeletal 
system would benefi t each patient. “There is a somatic compo-
nent in all clinical situations. The somatic component is addressed 
to the extent that it infl uences patient well-being. Conceptually, 
osteopathic manipulative treatment is designed to address both 
structural abnormalities and self- regulatory capabilities” (2).

HOW IT ALL BEGAN

Andrew Taylor Still, M.D., D.O. (Fig. 1.1) (1828–1917), was an 
American frontier doctor who was convinced that 19th century 
patient care was severely inadequate. This resulted in an intense desire 
on his part to improve surgery, obstetrics, and the general treatment 
of diseases, placing them on a more rational and scientifi c basis.

As his perspectives and clinical understanding evolved, Still 
created an innovative system of diagnosis and treatment with two 
major emphases. The fi rst highlights treatment of physical and 
mental ailments (i.e., diseases) while emphasizing the normaliza-
tion of body structures and functions. Its hallmark was a detailed 
knowledge of anatomy that became the basis for much of his diag-
nostic and clinical work, most notably palpatory diagnosis and 
manipulative treatment. The second emphasizes the importance of 
health and well being in its broadest sense, including mental, emo-
tional, and spiritual health, and the avoidance of alcohol and drugs 
and other negative health habits.

ORIGINS OF OSTEOPATHIC PHILOSOPHY

Historically, Still was not the fi rst to call attention to inadequacies 
of the health care of his time; Hippocrates (c. 460–c. 377 b.c.e.), 
Galen (c. 130–c. 200), and Sydenham (1624–1689) were oth-
ers. Each, in his own way, criticized the inadequacies of existing 
medical practices while focusing contemporary thinking on the 
patient’s natural ability to heal.

In addition, Still was deeply infl uenced by a number of phi-
losophers, scientists, and medical practitioners of his time. There 
is also evidence he was well versed in the religious philosophies 
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then demonstrate how the obstruction of arterial fl ow anywhere 
along the pathway toward the femur would result in pathophysi-
ologic changes in the bone, producing pain or dysfunction.

He writes of his treatment concepts: “Bones can be used as 
levers to relieve pressure on nerves, veins and arteries” (10). This 
can be understood in the context that vascular and neural structures 
pass between bones or through orifi ces (foramina) within a bone. 
These are places where they are most vulnerable to bony compres-
sion and disruption of their functions. In addition, fascia is a type 
of connective tissue that attaches to bones. Fascia also envelops all 
muscles, nerves, and vascular structures. When strained or twisted 
by overuse or trauma myofascial structures not only restrict bony 
mobility, but also compress neurovascular structures and disturb 
their functions. By using the bones as manual levers, bony or myo-
fascial entrapments of nerves or vascular structures can be removed, 
thus restoring normal nervous and vascular functions.

As Korr explained, “Even at the time of the founding of the 
osteopathic profession in 1892, the available knowledge in the sci-
ences of physiology, biochemistry, microbiology, immunology, and 
pathology was meager. Indeed, immunology, biochemistry, and 
various other neurosciences and biomedical sciences had yet to 
appear as distinct disciplines. Therefore, these principles could only 
be expressed as aphorisms, embellished perhaps with conjectures 
about their biological basis” (7).

Beyond Neuromusculoskeletal Diagnosis 
and Treatment

The osteopathic medical profession is not only a neuromusculosk-
eletal-oriented diagnostic and treatment system, it is also a compre-
hensive and scientifi cally based school of medicine that embraces a 
philosophy. In answer to the question, “What is osteopathy?” Still 
stated, “It is a scientifi c knowledge of anatomy and physiology in 
the hands of a person of intelligence and skill, who can apply that 
knowledge to the use of man when sick or wounded by strains, 
shocks, falls, or mechanical derangement or injury of any kind to 
the body” (14) (Fig. 1.3).

Furthermore, osteopathy had a greater calling. In what could be 
considered a mission statement, Still wrote, “The object of Osteop-
athy is to improve upon the present systems of surgery, midwifery, 
and treatment of general diseases” (10).

The primary ideological components that distinguish one phi-
losophy of healing from another are that system’s concepts of what 
constitutes health, disease, and patient care. The following sections 
delineate how osteopathic philosophy has evolved and expressed 
itself in regards to these three concepts.

Classical osteopathic philosophy is described in Box 1.2.

CLASSIC OSTEOPATHIC PHILOSOPHY 
OF HEALTH

Health Is a Natural State of Harmony

Still believed health to be the natural state of the human being. In 
his own words:

Osteopathy is based on the perfection of Nature’s work. When all 
parts of the human body are in line we have health. When they 
are not the effect is disease. When the parts are readjusted dis-
ease gives place to health. The work of the osteopath is to adjust 
the body from the abnormal to the normal, then the abnormal 
conditions give place to the normal and health is the result of the 
normal condition (11).

It was at that point that Still philosophically divorced him-
self from the orthodox practices of 19th century medicine (10). He 
writes, “Having been familiar myself for years with all their meth-
ods and having experimented with them I became disheartened 
and dropped them” (11). His unerring faith in the natural healing 
capabilities of the mechanically adjusted body formed the founda-
tion for his new philosophy.

Unsure of what to call his new hands-on approach in the early 
years, Still at times referred to himself as a “magnetic healer” and “light-
ning bone-setter” (9,12). In the 1880s, Still began publicly using the 
term “osteopathy” as the chosen name for his new  profession (5,9,13). 
He writes, “Osteopathy is compounded of two words, osteon, mean-
ing bone, (and) pathos, (or) pathine, to suffer. I reasoned that the 
bone, ‘Osteon,’ was the starting point from which I was to ascertain 
the cause of pathological conditions, and so I combined the ‘Osteo’ 
with the ‘pathy’ and had as a result, Osteopathy” (10).

As the name osteopathy implies, Still used the bony skeleton 
as his reference point for understanding clinical problems and their 
pathological processes. On the surface, he was most interested in 
anatomy. On the other hand, he taught that there is more to the 
skeleton than 206 bones attached together by ligaments and con-
nective tissue. In his discourses, Still would describe the anatomy of 
the arterial supply to the femur, for example, trace it back to the heart 
and lungs, and relate it to all of the surrounding and interrelated 
nerves, soft tissues, and organs along the way (Fig. 1.2). He would 

Figure 1-2 A.T. Still analyzing a human femur as he ponders 
the principles of osteopathy. (Still National Osteopathic Museum, 
Kirksville, MO.)
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Figure 1-3 Handwritten defi nition of osteopathy by A.T. Still, M.D., 
D.O. (Still National Osteopathic Museum, Kirksville, MO.)

Classical Osteopathic Philosophy
A.T. Still’s fundamental concepts of osteopathy can be orga-
nized in terms of health, disease, and patient care.

Health
 1. Health is a natural state of harmony.
 2.  The human body is a perfect machine created for health 

and activity.
 3.  A healthy state exists as long as there is normal flow of 

body fluids and nerve activity.

Disease
 4.  Disease is an effect of underlying, often multifactorial 

causes.
 5.  Illness is often caused by mechanical impediments to nor-

mal flow of body fluids and nerve activity.
 6.  Environmental, social, mental, and behavioral factors 

contribute to the etiology of disease and illness.

Patient Care
 7.  The human body provides all the chemicals necessary for 

the needs of its tissues and organs.
 8.  Removal of mechanical impediments allows optimal body 

fluid flow, nerve function, and restoration of health.
 9.  Environmental, cultural, social, mental, and behavioral 

factors need to be addressed as part of any management 
plan.

10.  Any management plan should realistically meet the needs 
of the individual patient.

Mechanics and Health

Still’s concept of a healthy person is insightful. It places his belief 
of the importance of structural and mechanical integrity within 
the perspective of a comprehensive view of a human being within 
society:

When complete, he is a self-acting, individualized, separate 
 personage, endowed with the power to move, and mind to direct 
in locomotion, with a care for comfort and a thought for his 
continued existence in the preparation and consumption of food 
to keep him in size and form to suit the duties he may have to 
perform (14).

Still believed that life exists as a unifi cation of vital forces and 
matter. Since the body is controlled by the mind to exhibit pur-
poseful motion in attaining the needs and goals of the organ-
ism, he stated that “Osteopathy … is the law of mind, matter 
and motion” (10). Once Still accepted that motion is an inherent 
quality of life itself, it was a small step to inquiring into what is 
moving and how it moves. Through his in-depth study of anat-
omy, he could see the interdependent relationships among differ-
ent tissues and their component parts. He observed that each part 
developed as the body was moving, growing, and developing from 

embryo to fetus to newborn and throughout life. Thus, each tis-
sue, organ, and structure is designed for motion. “As motion is the 
fi rst and only evidence of life, by this thought we are conducted 
to the machinery through which life works to accomplish these 
results” (15).

If “life is matter in motion” (14), then what is the effect on a 
body part that is not moving? Still reasoned that a lack of motion 
is not conducive to life or health. “[The osteopath’s] duties as a 
philosopher admonish him that life and matter can be united, and 
that that union cannot continue with any hindrance to free and 
absolute motion” (14). Further, he boldly states that the practice of 
osteopathy “covers all phases of disease and it is the law that keeps 
life in motion” (10).

Normal Nerve Activity and Flow of Body Fluids

A machine cannot run without proper lubrication, fuel, and mech-
anisms to remove the by-products of combustion. In teaching his 
students, Still identifi ed each component of the body’s intricate 
mechanisms as he knew them. In the process, he discussed vari-
ous forces that he reasoned create motion and maintain life. He 
explained how lubricating and nourishing fl uids fl ow through the 
arteries, veins, lymphatics, and nerves. He also noted that they turn 
over by-products of metabolism through the venous and lymphatic 
systems. “The human body is a machine run by the unseen force 
called life, and that it may be run harmoniously it is necessary that 
there be liberty of blood, nerves and arteries from their generating 
point to their destination” (10).

Chila_Chap01.indd   11Chila_Chap01.indd   11 8/5/2010   7:45:35 AM8/5/2010   7:45:35 AM



12 I • FOUNDATIONS

and nervous systems are dependent upon each other, it must be 
remembered that the bloodstream is under the control of the ner-
vous system, not only indirectly through the heart, but directly 
through the vasoconstrictor and vasodilator nerve fi bers, which 
regulate the caliber and rhythm of the blood vessels” (17). Still 
writes, “All diseases are mere effects, the cause being a partial or 
complete failure of the nerves to properly conduct the fl uids of life” 
(10). Although he emphasized that “the rule of the artery is abso-
lute, universal, and it must be unobstructed, or disease will result” 
(10), he also pointed out the importance of unimpeded fl ow of 
lymphatics: “[W]e must keep the lymphatics normal all the time or 
see confused Nature in the form of disease. We strike at the source 
of life and death when we go to the lymphatics” (14). However, 
even if the blood and the lymph are fl owing normally, Still pointed 
out that “the cerebro spinal fl uid is the highest known element that 
is contained in the human body, and unless the brain furnishes this 
fl uid in abundance a disabled condition of the body will remain. 
He who is able to reason will see that this great river of life must be 
tapped and the withering fi eld irrigated at once, or the harvest of 
health be forever lost” (15).

Holistic Aspects—Environmental and Biopsychosocial 
Etiologies

For the most part, Still described the origins of disease and illness 
as a result of “anatomic disturbances followed by physiologic dis-
cord.” However, at the same time, he acknowledged the potential 
detrimental infl uences of heredity, lifestyle, environmental condi-
tions, contagious diseases, inactivity and other personal behavior 
choices, and psychological and social stress on health (14,16,17).

Still also recognized that substance abuse (e.g., alcohol and 
opium) as well as poor sanitation, personal hygiene, and dietary 
indiscretion, lack of exercise or fi tness all contributed to illness 
and disease. He lectured passionately against the social forces that 
promulgated these deleterious behaviors and social situations, 
including slavery and economic inequities. Indeed, he spoke from 
personal experience as he and his family members suffered from 
these challenging social circumstances during the pioneer days of 
the 19th century Midwest.

CLASSIC OSTEOPATHIC PHILOSOPHY 
AND PATIENT CARE

The Body Provides Its Own Drug Store

Like many others, Still observed that some people are more suscep-
tible to epidemic diseases than others. It was also recognized that 
host resistance to disease is more apparent in certain individuals (18) 
who have so-called natural immunity that is either inherited or 
acquired (19,20). Still believed that promoting free fl ow of arterial 
blood to an infected area would enable “Nature’s own germicide” to 
eradicate the infectious agent (11). Still’s philosophy places com-
plete trust in the innate self-healing ability of the body. Removing 
all hindrances to health was not enough, however, as it was incum-
bent upon the physician to ensure that the body’s natural chemicals 
were able to work effectively in alleviating any pathophysiologic 
processes (10).

Medications
I was born and raised to respect and confi de in the remedial power 
of drugs, but after many years of practice in close conformity to the 
dictations of the very best medical authors and in consultation with 
representatives of the various schools, I failed to get from drugs 

Another component of Still’s machine concept was the power 
source. He identifi ed the brain as the dynamo, the electric battery 
that keeps the body moving and working:

The brain furnishes nerve-action and forces to suit each class of 
work to be done by that set of nerves which is to construct forms 
and to keep blood constantly in motion in the arteries and from 
all parts back to the heart through the veins that it may be puri-
fi ed, renewed, and re-enter circulation (14).

CLASSIC OSTEOPATHIC PHILOSOPHY 
OF DISEASE

Disease Is an Effect of an Underlying Cause or Causes

From the time of Hippocrates through the fi rst half of the 20th 
century, diseases were identifi ed primarily through simple and 
complex descriptions of symptoms and signs. Many affl ictions 
were without clear etiology. In spite of our current greater levels of 
knowledge and understanding, this is still true in many cases.

Still taught that disease is the effect of an abnormal anatomic 
state with subsequent physiologic breakdown and decreased host 
adaptability. Germs were fi rst discovered in the 17th century with 
the invention of the microscope, but the germ theory of disease was 
not accepted until Pasteur provided convincing scientifi c evidence 
in the mid-19th century. However, experienced clinicians like Still, 
as well as an emerging group of laboratory scientists, saw germs 
as opportunists to decreased host function, not as primary causes 
of disease in themselves. They speculated that infections resulted 
from an interaction between the degree of virulence and quantity 
of the infecting agent and the level of host immunity.

Still also realized that there were multifactorial components to 
disease processes (16,17). He believed that disease was a combi-
nation of infl uences arising from decreased host adaptability and 
adverse environmental conditions. He recognized that symptoms 
often were a manifestation of nerves irritated by pathophysiologic 
processes commonly created by an accumulation of fl uids (conges-
tion and infl ammation). This diminished the patient’s ability to 
adapt to the environment (10). Additionally, Still was keenly aware 
of the deleterious effects of environmentally induced trauma, or 
abrupt changes in the atmosphere, causing physical or emotional 
“shock” or inertia, and therefore obstructing normal metabolic pro-
cesses, body fl uids, and nerve activity (11).

Mechanical Impediments to Flow of Body Fluids 
and Nerve Activity

Still’s study of pathology found that in all forms of disease there 
is mechanical interruption of normal circulation of body fl uids and 
nerve force to and from cells, tissues, and organs (11). “Sickness is 
an effect caused by the stoppage of some supply of fl uid or quality of 
life” (10). He understood that it is the combination of free circulation 
of wholesome blood and motor, nutrient, and sensory nerve activity 
that creates tissues and organs, and facilitates their growth, mainte-
nance, and repair. Through cadaver dissection studies he reasoned 
that strains, twists, or distortions in fascia, ligaments, or muscle fi bers 
surrounding the small capillaries and nerve bundles could very well 
be the cause of ischemia and congestion by mechanical obstruction, 
interruption, or impediment to normal fl ow of vital fl uids.

Still understood that the fl ow of body fl uids was under the con-
trol of the nerves that innervated the blood vessel walls, adjusting 
the diameter of the vessels and thus controlling the amount and 
rate of blood fl ow to the tissues and organs. “While the vascular 
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only applied to relieve musculoskeletal strains and injuries, but 
to treat internal organ diseases as well. For example, he found 
characteristic paraspinal muscle rigidity and other abnormal 
myofascial tensions in patients with infectious diseases. He 
noted improvement in the health of these patients as well when 
the musculoskeletal and myofascial impediments to normal 
physiologic processes were alleviated. In a majority of cases, the 
patient’s condition was seemingly cured, leading him to believe 
that the mechanical aspects of dysfunction or disease were vitally 
important (11). Still thus proposed that in all diseases, mobili-
zation of all the spinal joints not in their proper positional and 
functional relationships was necessary to ensure proper nerve 
activity and blood and lymph fl ow throughout the body. This 
included everything from the occiput to the coccyx, and indi-
cated adjustment of the pelvis, clavicles, scapulae, costal cage, 
and diaphragm.

Comprehensive Treatment

While heavily committed to the use of palpatory diagnosis and 
manipulative treatment, Dr. Still continued many other aspects 
of patient care. He practiced surgery and midwifery (obstetrics), 
although little is documented about specifi c activities.

His patient education strategies highlighted moderation. He 
included advice for removing noxious or toxic substances from the 
diet and environment and behavioral adjustments such as adding 
exercises and stopping smoking. He also admonished his patients 
for abusing alcohol, opium, and heroin.

Mental illness and stress-related problems were also impor-
tant to Still (10,11). He wrote about the role the physician can 
take in providing emotional support and encouragement to 
patients with end-stage medical problems. He described the 
importance of giving hope to patients and, at the same time, pro-
viding them with a realistic approach to managing their clinical 
condition (11).

Individualized Treatment

Each person is treated as a unique individual, not as a disease 
entity. Still taught that the history and physical evaluation of each 
person would turn up unhealthy self-care behaviors or circum-
stances and parts of the body not moving normally; the combina-
tion interferes with the body’s natural ability to heal itself. The 
treatment would need to be tailored specifi cally for each patient’s 
particular needs.

The classical philosophy of osteopathic medicine formed the 
foundation upon which contemporary osteopathic patient care is 
based. The contemporary “fi ve models of osteopathic care” can be 
understood in the context of the classical osteopathic philosophy of 
health, disease, and patient care, as depicted in Table 1.2.

HISTORICAL DEVELOPMENT 
OF OSTEOPATHIC CONCEPTS

Exactly how much infl uence previous or contemporary philoso-
phies and practices had on Still is purely speculative, since he never 
discussed specifi c attachments for any particular philosopher or 
scientist. The writings of contemporary philosophers of science 
and biology, like Herbert Spencer (1820–1903) and Alfred Rus-
sel Wallace (1823–1913), resonated with those of Still (9). They 
promoted the theories of evolution and the interdependence of the 
environment and the organism in all biologic processes, includ-
ing the origins of disease. They also promoted the concepts of 

the results hoped for and I was face to face with the evidence that 
medication was not only untrustworthy but was dangerous (11).

Initially, Still conceived of the osteopathic medical profession 
as “a system of healing that reaches both internal and external dis-
eases by manual operation and without drugs” (10). Although he 
stated, “Osteopathy is a drugless science,” he clarifi ed this state-
ment by explaining that he believed that drugs “should not be used 
as remedial agents,” since the medications of his era only addressed 
symptoms or abnormal bodily responses to an unknown cause. In 
osteopathy, there is no place for injurious medications, whose risks 
outweigh their benefi ts, especially if safer and equally effective 
alternatives exist.

Specifi cally, Still was against the irrational use of drugs that 
(a) showed no benefi t, (b) had proven to be harmful, and (c) had no 
proven relationship to the cause of disease processes. He accepted 
anesthetics, poison antidotes, and a few others that had proven ben-
efi cial. “Osteopathy has no use for drugs as remedies, but a great use 
for chemistry when dealing with poisons and antidotes” (21). Still 
supports his reasons by listing the life-threatening risks of using 
drugs commonly employed in the late 19th century, namely: calo-
mel, digitalis, aloe, morphine, chloral hydrate, veratrine, pulsatilla, 
and sedatives (10). Still persuasively argued that a detailed physi-
cal examination, with focus on the neuromusculoskeletal system, 
followed by a well-designed manipulative treatment, often removes 
impediments to motion and function. Where he differed from oth-
ers was his view that manipulative treatment should always be used 
before deciding that the body had failed in its own efforts.

Vaccinations
Jenner introduced the smallpox vaccine in the 17th century with 
considerable success. Still acknowledged this by stating, “I believe 
the philosophy of fi ghting one infection with another infectious 
substance that could hold the body immune by long and continu-
ous possession is good and was good” (14). Without disrespect to 
Jenner, he described shortcomings of Jenner’s methods, pointing 
out that there were many patients on whom the vaccine did not 
work or who became disabled or fatally ill. He stated his belief that 
there is a less harmful method of vaccination and requested that 
Jenner’s methods be improved.

Still’s rejection of drugs and vaccinations showed up in the 
initial mission statement for the American School of Osteopathy 
(ASO) (11). However, in 1910, even while he was president, the 
school changed its stance and accepted vaccinations and serums as 
part of osteopathic practices.

First and foremost, Still clearly believed that the osteopathic 
physician should strive to help the patient’s body release its own 
medicine for a particular problem. He writes:

The brain of man was God’s drug store, and had in it all liquids, 
drugs, lubricating oils, opiates, acids, and antacids, and every 
quality of drugs that the wisdom of God thought necessary for 
human happiness and health (21).

The Mechanical Approach to Treating 
the Cause of Disease

Still reasoned that the cause of most diseases was mechanical; 
therefore, treatment must follow the laws of mechanics. As a 
consequence, he used manipulative approaches designed to 
release bony and soft tissue barriers to nervous and circulatory 
functions in order to improve chances for healing. He claimed 
that mobilization of these structures improved the outcomes of 
his patients (11). However, manipulation procedures were not 
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T A B L E  1 . 2

Osteopathic Five Models in the Context of the Three Domains of a Philosophy of Medicine

Models Health Disease Patient Carea

Biomechanical Efficient and effective pos-
ture and motion through-
out the musculoskeletal 
system

Somatic dysfunction; inef-
ficient posture; joint motion 
restrictions or hyper mobility; 
instability

Alleviate somatic dysfunc-
tion utilizing osteopathic 
palpatory diagnosis and 
OMT to restore normal 
motion and function 
throughout the body

Respiratory-Circulatory Efficient and effective arte-
rial supply, venous and 
lymphatic drainage to and 
from all cells; effective res-
piration

Vascular compromise, 
edema, tissue congestion; 
poor gas exchange

Remove mechanical 
impediments to respiration 
and circulation and relieve 
congestion and edema by 
improving venous and lym-
phatic drainage

Neurological Efficient and effective 
sensory processing, neural 
integration and control, 
autonomic balance, cen-
tral and peripheral nervous 
functions

Abnormal sensation, 
imbalance of autonomic 
functions, central and 
peripheral sensitization/
malfunction; pain syn-
dromes

Restore normal sensation, 
neurological processes and 
control; alleviate pain

Metabolic-Energy Efficient and effective cel-
lular metabolic processes, 
energy expenditure and 
exchange, endocrine and 
immune regulation and 
control

Energy loss, fatigue, 
ineffective metabolic 
processes, toxic waste 
buildup, inflammation, 
infection, poor wound 
healing, poor nutrition; 
adverse response to medi-
cation; loss of endocrine 
control of vital functions

Restore efficient metabolic 
processes and bioenerget-
ics, alleviate inflammation, 
infection, restore healing 
and repair functions and 
endocrine control

Behavioral Efficient and effective 
mental, emotional and 
spiritual functions, healthy 
lifestyle choices and activi-
ties, good social support 
system

Ineffective function due 
to drug abuse, environ-
mental chemical exposure 
or trauma, poor lifestyle 
choices (i.e., inactivity, 
dietary indiscretions); 
inability to adapt to stress 
or environmental chal-
lenges

Assess and treat the whole 
person—physical, psycho-
logical, social, cultural, 
behavioral and spiritual 
aspects; collaborative 
partnership; individual-
ized patient care and self-
responsibility for healthy 
lifestyle choices

aUtilizing combinations of osteopathic manipulative medicine, medications, surgery, and education as appropriate.

the interdependence of structure and function, the importance 
of differentiating cause and effect, and emphasized the unity of 
the organism and interrelatedness of its parts. Throughout his 
life, however, Still maintained that his discoveries and thoughts 
were based on personal observation, experimentation, applications 
of factual knowledge, and the power of reasoning. After nearly 
50 years of developing his concepts, he stated:

I have explored by reading and inquiry much that has been writ-
ten on kindred subjects, hoping to get something on this great 
law written by the ancient philosophers, but I come back as 
empty as I started (10).

A number of scholars and educators have attempted to trace 
both the historical development and the evolution of thoughts and 

practices that may have infl uenced Still’s thinking (18–20,22–26). 
In general, the authors compare Still’s ideas with well-known 
discourses passed on principally through Western cultural ideas. 
In 1901, Littlejohn, one of Still’s students who became a faculty 
member at the ASO and founder of two osteopathic colleges, 
wrote, “Osteopathy did not invent a new anatomy or physiology 
or construct a new pathology. It has built upon the foundation of 
sciences already deeply seated in the philosophy of truth, chem-
istry, anatomy and physiology, a new etiology of diseases, gather-
ing together, adding to and reinforcing natural methods of treating 
disease that have been accumulating since the art of healing began” 
(18). However, other students of A.T. Still disagreed with this per-
spective. C.M.T. Hulett, emphatically stated that “Osteopathy is 
a new system of thought, a new philosophy of life” (27). Whereas 
Littlejohn (22) fi nds the foundation of osteopathy in Greek and 
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Roman medicine, G.D. Hulett (20) and Downing (23) trace 
the origins of various osteopathic concepts to the philosophy and 
practice of medicine found in other ancient writings, such as those 
of the Ptolemies, Brahmins, Chinese, and Hebrews. All agree on 
the further development of medicine throughout Europe as a pre-
cursor to American osteopathic medical practice. Northup com-
pares osteopathy to the concepts of Hippocrates and the Cnidian 
schools (26). Korr contrasts the contributions of Asclepian and 
Hygeian roots (25). Whereas G.D. Hulett (20) and Korr (25) 
describe osteopathy as part of an evolution of the philosophy of 
medicine, Lane (19) and Northup (26) consider it a reformation of 
medical theory and practice.

Still’s use of spinal manipulation had many precedents. 
Schiötz and Cyriax (28) and Lomax (29), among many, docu-
ment the use of manual treatments for millennia. Hippocrates 
discussed “subluxations” or minor displacements of vertebra in 
his treatise “On the Articulations” and the manual adjustments 
used to correct them (30). In the 18th and 19th centuries, many 
American and European practitioners acknowledged that there 
are relationships among displaced or “subluxed” vertebrae and 
“irritated” spinal nerves in relation to both musculoskeletal and 
visceral disorders (31).

EVOLUTION OF OSTEOPATHIC PHILOSOPHY

In his unique way, Still integrated many of these concepts into 
his new system and molded it into a distinctive medical school 
curriculum that continues to evolve to this day. Still was adamant 
that he did not expect his students and colleagues to take what he 
advocated as dogma. He taught, “You must reason. I say reason, 
or you will fi nally fail in all enterprises. Form your own opinions, 
select all facts you can obtain. Compare, decide, then act. Use no 
man’s opinion; accept his works only” (14). He urged his students 
to study, test, and improve upon his ideas.

An example of this evolution is a shift from Still’s early, and 
virtually exclusive, emphasis on anatomy to a more inclusive stress 
on primary physiologic functions that strengthen his concepts. Ini-
tially, Littlejohn (22), and later, Burns (32), Cole (33,33a), Denslow 
(34), and Korr (35,36), promoted integrative neurophysiologic and 
neuroendocrine concepts.

Whereas Littlejohn interpreted Still’s concepts in light of 
19th century physiologic theories, Burns, Cole, Denslow, and Korr 
pioneered distinctive osteopathic approaches to physiologic inves-
tigations, making signifi cant scientifi c contributions. Korr was 
 particularly infl uential in interpreting osteopathic concepts in light 
of the rapidly developing science of physiology in the 20th century 
(Box 1.3). He has been referred to as “the second great osteopathic 
philosopher” (37) (Figs. 1.4 and 1.5).

Korr’s Explication of Osteopathic Principles

For the fi rst edition of this text, Korr wrote an “Explication of 
Osteopathic Principles,” which was his last published work. It is 
included here to demonstrate how he was able to use the osteo-
pathic philosophy and tenets to organize and apply 20th century 
scientifi c knowledge to patient care:

At this stage of your medical training, you have become famil-
iar with osteopathic principles and can recite them in their usual 
brief, maxim form. The purpose of this section is to explore more 
fully the meaning, biological foundations, and clinical implica-
tions of the founding principles of osteopathic medicine.

Irvin Korr, Ph.D.
Irvin Korr, Ph.D., received his physiology degree from 
Princeton University. Most of his teaching and research career 
was spent at the Kirksville College of Osteopathic Medicine 
in Missouri, with later appointments at both Michigan State 
University College of Osteopathic Medicine and The Texas 
College of Osteopathic Medicine (University of North Texas). 
A multitalented individual, Korr was an accomplished violin-
ist, sometimes playing chamber music with Albert Einstein, 
who was in residence at the time of his postgraduate train-
ing. He published extensively with several colleagues, includ-
ing J.S. Denslow, A.D. Krems, Martin J. Goldstein, Price E. 
Thomas, Harry M. Wright, and Gustavo S.L. Appeltauer. 
In 1947, Korr’s initial publication, with Denslow and Krems, 
focused on facilitation of neural impulses in motoneuron 
pools. Original research papers followed this on dermal auto-
nomic activity, electrical skin resistance, and trophic function 
of nerves (36). As Korr gained insight into Still’s concepts, he 
lectured widely and published a number of important treatises 
tying osteopathic concepts together with proven physiologic 
models that emphasized the important roles played by the neu-
romusculoskeletal system. Whereas Still emphasized a focus 
on bones as the starting place from which he was to discern the 
cause of pathology, Korr expanded this concept to include the 
integrative activity of the spinal cord and its relationships with 
the musculoskeletal and the sympathetic nervous systems (36). 
Similar to Still, however, Korr often referred to the neuromus-
culoskeletal system as the “Primary Machinery of Life.”

For 50 years, Irwin M. Korr, scientist, philosopher, and hu-
manist, has led and inspired several generations of osteopathic 
physicians and educators. His final treatise on osteopathic phi-
losophy was written for the first edition of this text published in 
1997. Upon reflection on the osteopathic principles, Korr stated 
“It is to the credit and honor of the osteopathic profession that 
it contributed cogent elaboration of the principles, developed 
effective methods for their implementation, built a system of 
practice upon those principles, and disclosed much about their 
basis in biological mechanisms through research (7).”

Remember that these principles began to evolve centuries ago, even 
before the time of Hippocrates. However, their basis in animal and, 
more specifi cally, human biology did not begin to become evident 
through research until late in the 19th century. The origin of these 
principles, therefore, was largely empirical; that is, they were the 
product of thoughtful and widely shared observations of ill and 
injured people. For example, it could hardly escape notice, even in 
primitive societies, that people (and animals) recovered from ill-
ness and wounds healed without intervention and, therefore, some 
natural indwelling healing power must be at work.

Even at the time of the founding of the osteopathic profession 
in 1892, the available knowledge in the sciences of physiology, 
biochemistry, microbiology, immunology, and pathology was 
meager. Indeed, immunology, biochemistry, and various other 
 neurosciences and biomedical sciences had yet to appear as 
distinct disciplines. Therefore, these principles could only be 
expressed as aphorisms, embellished perhaps with conjectures 
about their biological basis. It is to the credit and honor of the 
osteopathic profession that it contributed cogent elaboration 
of the principles, developed effective methods for their imple-
mentation, built a system of practice upon those principles, and 

Chila_Chap01.indd   15Chila_Chap01.indd   15 8/5/2010   7:45:37 AM8/5/2010   7:45:37 AM



16 I • FOUNDATIONS

disclosed much about their basis in biological mechanisms 
through research.

In view of the enormous amount of biomedical knowledge 
recorded throughout the 20th century, it is timely to examine 
the principles that guide osteopathic practice in the light of that 
knowledge and to explore their relevance to clinical practice 
and to current and future health problems. What follows is an 
effort in that direction, without detailed reference to individual 
research.

THE PERSON AS A WHOLE

The Body

The principle of the unity of the body, so central to osteopathic 
practice, states that every part of the body depends on other parts 
for maintenance of its optimal function and even of its integrity. 
This interdependence of body components is mediated by the 
communication systems of the body: exchange of substances via 
circulating blood and other body fl uids and exchange of nerve 
impulses and neurotransmitters through the nervous system.

The circulatory and nervous systems also mediate the regula-
tion and coordination of cellular, tissue, and organ functions and 
thus the maintenance of the integrity of the body as a whole. The 
organized and integrated collaboration of the body components is 
refl ected in the concept of homeostasis, the maintenance of the 
relative constancy of the internal environment in which all the cells 
live and function.

In view of this interdependence and exchange of infl uences, it 
is inevitable that dysfunction or failure of a major body component 
will adversely affect the competence of other organs and tissues 
and, therefore, one’s health.

The Person

Important and valid as is the concept of body unity, it is incom-
plete in that it is, by implication, limited to the physical realm. 
Physicians minister not to bodies but to individuals, each of whom 
is unique by virtue of his or her genetic endowment, personal his-
tory, and the variety of environments in which that history has 
been lived.

The person, obviously, is more than a body, for the person has 
a mind, also the product of heredity and biography. Separation of 
body and mind, whether conceptually or in practice, is an anachro-
nistic remnant of such dualistic thinking as that of the 17th century 
philosopher-scientist, René Descartes. It was his belief that body 
and mind are separate domains, one publicly visible and palpable, 
the other invisible, impalpable, and private. This dualistic concept 
is anachronistic because, while it is almost universally rejected as 

Figure 1-5 I.M. Korr, Ph.D., like A.T. Still, M.D., D.O., emphasized 
the role of the musculoskeletal system as The Primary Machin-
ery of Life. This is a drawing by the renowned anatomist, Vesalius 
(1514–1564), depicting the muscles of the body in a dramatic pose. 
(Vesalius, Andreas De humani corporis fabrica plate 25 (Liber I) 
Basileae, [Ex offi cina Joannis Oporini, 1543]. Courtesy of the 
National Library of Medicine.)

Figure 1-4 Irwin M. Korr, Ph.D. (1909–2004), “The second great 
osteopathic philosopher.”
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systems and its relation to the health of the person. We examine 
now the basis for the osteopathic emphasis on the musculoskeletal 
system in total health care.

Human life is expressed in human behavior, in humans doing 
the things that humans do. And whatever humans do, they do with 
the musculoskeletal system. That system is the ultimate instru-
ment for carrying out human action and behavior. It is the means 
through which we manifest our human qualities and our personal 
uniqueness—personality, intellect, imagination, creativity, percep-
tions, love, compassion, values, and philosophies. The most noble 
ethical, moral, or religious principle has value only insofar as it can 
be overtly expressed through behavior.

That expression is made possible by the coordinated contrac-
tions and relaxations of striated muscles, most of them acting upon 
bones and joints. The musculoskeletal system is the means through 
which we communicate with each other, whether it be by written, 
spoken, or signed language, or by gesture or facial expression. Agri-
culture, industry, technology, literature, the arts and sciences—our 
very civilization—are the products of human action, interaction, 
communication, and behavior, that is, by the orchestrated contrac-
tions and relaxations of the body’s musculature.

Relation to the Body Economy

The musculoskeletal system is the most massive system in the com-
munity of body systems. Its muscular components are collectively 
the largest consumer in the body economy. This is true not only 
because of their mass, but because of their high energy require-
ments. Furthermore, those requirements may vary widely from 
moment to moment according to what the person is doing, with 
what feelings, and in what environments.

The high and varying metabolic requirements of the muscu-
loskeletal system are met by the cardiovascular, respiratory, diges-
tive, renal, and other visceral systems. Together, they supply the 
required fuels and nutrients, remove the products of metabolism, 
and control the composition and physical properties of the internal 
environment. In servicing the musculoskeletal system in this man-
ner, these organ systems are at the same time servicing each other 
(and, of course, the nervous system).

The nervous system is also, to a great degree, occupied with the 
musculoskeletal system, that is, with behavior and motor control. 
Indeed, most of the fi bers in the spinal nerves are those converging 
impulses to and from the muscles and other components of the mus-
culoskeletal system. In addition, the nervous system, its autonomic 
components, and the circulatory system mediate communication and 
exchange of signals and substances between the soma and the viscera. 
In this way, visceral, metabolic, and endocrine activity is continually 
tuned to moment-to-moment requirements of the musculoskeletal 
system, that is, to what the person is doing from moment to moment.

Consequences of Visceral Dysfunction

Impairment or failure of some visceral function or of communica-
tion between the musculoskeletal system and the viscera is refl ected 
in the musculoskeletal system. When the resulting dysfunction is 
severe and diffuse, motor activity and even maintenance of posture 
are diffi cult or impossible and automatically imposed.

The Musculoskeletal System as Source of Adverse 
Infl uences on Other Systems

In view of the rich afferent input of the musculoskeletal system into 
the central nervous system and its rich interchange of substances 

a concept, it is still acted out in much of clinical practice and in 
biomedical research.

Clinical and biomedical research (as well as everyday experience) 
has irrefutably shown that body and mind are so inseparable, so 
pervasive to each other, that they can be regarded—and  treated—as 
a single entity. It is now widely recognized (whether or not it is 
demonstrated in practice) that what goes on (or goes wrong) in 
either body or mind has repercussions in the other. It is for reasons 
such as these that I prefer unity of the person to unity of the body, 
conveying totally integrated humanity and individuality.

The Person as Context

Phenomena assigned to mind (consciousness, thought, feelings, 
beliefs, attitudes, etc.) have their physiological and behavioral coun-
terparts; conversely, bodily and behavioral changes have psychologi-
cal concomitants, such as altered feelings and perceptions. It must 
be noted, however, that it is the person who is feeling, perceiving, 
and responding not the body or the mind. It is you who feels well, ill, 
happy, or sad, and not your body or mind. What goes on in body and 
mind is conditioned by who the person is and their entire history.

In short, the person is far more than the union of body and 
mind, in the same sense that water is more than the union of 
hydrogen and oxygen. Nothing that we know about either oxygen 
or hydrogen accounts for the three states of water (liquid, solid, and 
gas), their respective properties, the boiling and freezing points, 
viscosity, and so forth. Water incorporates yet transcends oxygen 
and hydrogen. To understand water, we must study water and not 
only its components. In the same way, at an enormously more com-
plex level, the person comprises yet transcends body and mind.

Moreover, once hydrogen and oxygen are joined to form water, 
they become subject to the laws that govern water. In the same but 
infi nitely more complex sense, it is you who makes up your mind, 
changes your mind, trains and enriches your mind, and puts it to 
work. It is you who determines from moment to moment whether 
and in what way you will express, through your body, what is in or 
on your mind.

Thus the person is the context, the environment, in which all 
the body parts live and function and in which the mind fi nds expres-
sion. Everything about the person—genetics, history from concep-
tion to the present moment, nutrition, use and abuse of body and 
mind, parental and school conditioning, physical and sociocultural 
environments, and so on—enters into determining the quality of 
physical and mental function. The better the quality of the envi-
ronment provided by the person for the mental and bodily compo-
nents, the better they will function. For example, someone who has 
a peptic ulcer is not ill because of the ulcer. The ulcer exists because 
of an unfavorable internal environment.

In conclusion, just as the proper study of mankind is man 
(Alexander Pope), so is the study of human health and illness also 
man. As will become evident, the principle of the unity of the per-
son leads us naturally to the next principle.

THE PLACE OF THE MUSCULOSKELETAL 
SYSTEM IN HUMAN LIFE

The Means of Expression of Our Humanity 
and Individuality

Structure determines function, structure and function are recip-
rocally interrelated, and similar aphorisms have traditionally rep-
resented another osteopathic principle. That principle recognizes 
the special place of the musculoskeletal system among the body 

Chila_Chap01.indd   17Chila_Chap01.indd   17 8/5/2010   7:45:39 AM8/5/2010   7:45:39 AM



18 I • FOUNDATIONS

as it was until we became more impressed by human-made miracles 
and breakthroughs), the other, more recently revealed components 
of the health care system with which each of us is endowed are no 
less marvelous.

The Component System That Defends against 
Threats from Without

This component includes, among others, immune mechanisms 
that defend us against the enormous variety and potency of for-
eign organisms that invade our bodies, wreaking damage and even 
bringing death. These same immune mechanisms guard us against 
those of our own cells that become foreign and malignant as the 
result of mutation. Included also are the mechanisms that defend 
against foreign and poisonous substances that we may take in with 
our food and drink or that enter through the skin and lungs, by 
disarming them, converting them to innocuous substances, and 
eliminating them from the body. They defend us (until over-
whelmed) even against the toxic substances that we ourselves 
introduce into the atmosphere, soil, water, or more directly into 
our own bodies.

Mechanisms That Defend against Changes 
in the Internal Environment
We humans are exposed to, and adapt to, wide variations in physi-
cal and chemical properties of our environment (e.g., temperature, 
barometric pressure, oxygen, and carbon dioxide concentrations) 
and sustain ourselves with chemically diverse food and drink. But 
the cells of our body can function and survive only in the inter-
nal environment of interstitial fl uids that maintain body functions 
within relatively narrow limits as regards variations in chemical 
composition, temperature, tissue, osmotic pressure, pH, etc.

This phenomenon, called homeostasis, is based on thousands 
of simultaneously dynamic equilibria occurring throughout the 
body. Examples include rates of energy consumption and replen-
ishment by the cells. Homeostasis constancy and quick restoration 
of constancy must be accomplished regardless of the variations in 
the external environment, composition of food and drink, and the 
moment-to-moment activities of the person. It is accomplished by 
an enormously complex array of regulatory mechanisms that con-
tinually monitor and control respiratory, circulatory, digestive, renal, 
metabolic, and countless other functions and processes. Mainte-
nance of optimal environments for cellular function is essential to 
health. The homeostatic mechanisms may, therefore, be viewed as 
the health maintenance system of the body.

Commentary

These, then, are the three major components of our indwelling 
health care system, each comprising numerous component systems. 
In the order in which humans became aware of them, they are 
(a) the healing (remedial, curative, palliative, recuperative, reha-
bilitative) component; (b) the component that defends against 
threats from the external environment; and (c) the homeostatic, 
health-maintaining component. These major component systems, 
of course, share subcomponents and mechanisms.

When the internal health care system is permitted to operate 
optimally, without impediment, its product is what we call health. 
Its natural tendency is always toward health and the recovery of 
health. Indeed, the personal health care system is the very source 
of health, upon which all externally applied measures depend for 
their benefi cial effects. The internal health care system, in effect, 

with other systems through the body fl uids, it is inevitable that 
structural and functional disturbances in the musculoskeletal sys-
tem will have repercussions elsewhere in the body.

Such structural and functional disturbances may be of postural, 
traumatic, or behavioral origin (neglect, misuse, or abuse by the 
person). Further, it must be appreciated that the human framework 
is, compared with other (quadruped) mammals, uniquely unsta-
ble and vulnerable to compressive, torsional, and shearing forces, 
because of the vertical confi guration, higher center of gravity, and 
the comparatively small, bipedal base.

The human musculoskeletal system, therefore, is the frequent 
source of aberrant afferent input to the central nervous system and 
its autonomic distribution, with at least potential consequences to 
visceral function. Which organs, blood vessels, etc. are at risk is 
determined by the site of the musculoskeletal dysfunction and the 
part(s) of the central nervous system, (e.g., spinal segments) into 
which it discharges its sensory impulses.

When a dysfunction or pathology has developed in a visceral 
organ, that disturbance is refl ected in segmentally related somatic 
tissues. Viscus and soma become linked in a vicious circle of 
afferent and efferent impulses, which sustain and exacerbate the 
 disturbance. Appropriate treatment of the somatic component 
reduces its input to the vicious circle and may even interrupt that 
circle with therapeutic effect.

Importance of the Personal Context

Whether or not visceral or vasomotor consequences of somatic 
dysfunction occur, and with what consequences to the person, 
depends on other factors in the person’s life, such as the genetic, 
nutritional, psychological, behavioral, sociocultural, and environ-
mental. As research has shown, however, the presence of somatic 
dysfunction and the accompanying refl ex and neurotrophic effects 
exaggerate the impact of other detrimental factors on the person’s 
health. Effective treatment of the musculoskeletal dysfunction 
shields the patient by reducing the deleterious effects of the other 
factors. Such treatment, therefore, has preventive as well as thera-
peutic benefi ts.

Such treatment directed to the musculoskeletal system assumes 
even greater and often crucial signifi cance when it is recognized 
that the other kinds of harmful factors, such as those enumerated 
above, are not readily subject to change and may even require social 
or governmental intervention. The musculoskeletal system, how-
ever, is readily accessible and responsive to OMT. I view these con-
siderations as the rationale for OMT and its strategic role in total 
health care.

Finally, the osteopathic philosophy and the unity of the person 
concept enjoin the physician to treat the patient as a whole and not 
merely the affected parts. Hence, appropriate corrective attention 
should also be given to other signifi cant risk factors that are subject 
to change by both patient and physician.

OUR PERSONAL HEALTH CARE SYSTEMS

The Natural Healing Power

Appreciation, even in ancient times, of our inherent recupera-
tive, restorative, and rehabilitative powers is refl ected in the Latin 
phrase, vis medicatrix naturae (nature’s healing force). We recover 
from illnesses, fevers drop, blood clots and wounds heal, broken 
bones reunite, infections are overcome, skin eruptions clear up, 
and even cancers are known to occasionally undergo spontaneous 
remission. But miraculous as is the healing power (and appreciated 

Chila_Chap01.indd   18Chila_Chap01.indd   18 8/5/2010   7:45:39 AM8/5/2010   7:45:39 AM



 1 • OSTEOPATHIC PHILOSOPHY 19

behaves, nourishes himself or herself, uses body and mind, relates 
to others, and the other factor usually called lifestyle. Each person 
must be taught and enabled to assume that responsibility.

It is the physician’s responsibility, while giving palliative and 
remedial attention to the patient’s immediate problem, to support 
each patient’s internal health care system, to remove impediments 
to its competence, and above all, to do it no harm. It is also the 
responsibility of physicians to instruct patients on how to do the 
same for themselves and to strive to motivate them to do so, espe-
cially by their own example.

The relationship between patient and osteopathic physician 
is therefore a collaborative one, a partnership, in maintaining and 
enhancing the competence of the patient’s personal health care 
system. The maintenance and enhancement of health is the most 
effective and comprehensive form of preventive medicine, for health 
is the best defense against disease. As stated by Still, “To fi nd health 
should be the object of the doctor. Anyone can fi nd disease.”

Relevance to the Current and Future Health 
of the Nation

The preventive strategy of health maintenance and health enhance-
ment, intrinsic to the osteopathic philosophy, is urgently needed 
by our society today. One of the greatest burdens on the nation’s 
health care system and on the national economy is in the care of 
victims of the chronic degenerative diseases, such as heart disease, 
cancer, stroke, and arthritis, which require long-term care.

The incidence of these diseases has increased and will con-
tinue to increase well into the next century as the average age of 
our population continues to increase. The widely accepted (but 
usually unspoken) assumption that guides current practice (and 
national policy) is that the chronic degenerative diseases are an 
inevitable aspect of the aging process; that is, that aging is itself 
pathological. It is now increasingly apparent, however, that the 
increase of their incidence with age is because the longer one lives, 
the greater the toll taken by minor, seemingly inconsequential, 
inconspicuous, treatable impairments, and modifi able contributing 
factors in and around the person. They are, therefore, largely the 
natural culmination of less-than-favorable lifestyles, and, hence, 
they are largely preventable.

The great national tragedy is that, while the nation’s health care 
system is so extensively and expensively absorbed in the care of 
millions of older adult victims of chronic disease (at per capita cost 
3.5 times that of persons under the age of 65 years), tens of millions 
of younger people and children are living on and embarking on 
life paths that will culminate in the same diseases. The health care 
system simply must move upstream to move people from patho-
genic to salutary paths. And the osteopathic profession can show 
the way.

The osteopathic profession has a historic opportunity to make 
an enormous contribution to the enhancement of the health of our 
nation. It can do this by giving leadership in addressing this great 
tragedy by bringing its basic strategy of whole-person, health-
 oriented care to bear on the problem and demonstrating its effec-
tiveness in practice.

Having reviewed and enlarged on the principles of osteo-
pathic medicine, their meaning, biological foundations, and clini-
cal implications, it seems appropriate to propose a defi nition of 
osteopathic medicine. The author offers the following: Osteo-
pathic medicine is a system of medicine that is based on the con-
tinually deepening and expanding understanding of (a) human 
nature; (b) those components of human biology that are centrally 
relevant to health, namely the inherent regulatory, protective, 

makes its own diagnoses, issues its own prescriptions, draws upon 
its own vast pharmacy, and in most situations, administers each 
dose without side effects.

Health and healing, therefore, come from within. It is the 
patient who gets well, and not the practitioner or the treatment 
that makes them well.

THE THREE PRINCIPLES AS GUIDES 
TO MEDICAL PRACTICE

The Unity of the Person

In caring for the whole person, the well-grounded osteopathic 
physician goes beyond the presenting complaint, beyond relief of 
symptoms, beyond identifi cation of the disease and treatment of 
the impaired organ, malfunction, or pathology, important as they 
are to total care. The osteopathic physician also explores those fac-
tors in the person and the person’s life that may have contributed 
to the illness and that, appropriately modifi ed, compensated, or 
eliminated, would favor recovery, prevent recurrence, and improve 
health in general.

The physician then selects that factor or combination of factors 
that are readily subject to change and that would be of suffi cient 
impact to shift the balance toward recovery and enhancement of 
health. The possible factors include such categories as the bio-
logical (e.g., genetic, nutritional), psychological, behavioral (use, 
neglect, or abuse of body and mind; interpersonal relationships; 
habits; etc.), sociocultural, occupational, and environmental. Some 
of these factors, especially some of the biological, are responsive to 
appropriate clinical intervention, some are responsive only to social 
or governmental action, and still others require changes by patients 
themselves. Osteopathic whole-person care, therefore, is a collab-
orative relationship between patient and physician.

The Place of the Musculoskeletal System in Human 
Biology and Behavior: The Strategic Role of 
Osteopathic Manipulative Treatment

It is obvious that some of the most deleterious factors are diffi cult or 
impossible for patient and physician to change or eliminate. These 
include (at least at present) genetic factors (although some inherited 
predispositions can be mitigated by lifestyle change). They include 
also such items as social convention, lifelong habits (e.g., dietary 
and behavioral), widely shared beliefs, prejudices, misconceptions 
and cultural doctrines, attitudes, and values. Others, such as the 
quality of the physical or socioeconomic environments, may require 
concerted community, national, and even international action.

Focus falls, therefore, upon those deleterious factors that are 
favorably modifi able by personal and professional action, and that, 
when appropriately modifi ed or eliminated, mitigate the health-
impairing effects of the less changeable factors. Improvement of 
body mechanics by OMT is a major consideration when dealing 
with these complex interactions.

OUR PERSONAL HEALTH CARE SYSTEMS

This principle has important implications for the respective 
responsibilities of patient and physician and for their relationship. 
Since each person is the owner and hence the guardian of his or her 
own personal health care system, the ultimate source of health and 
healing, the primary responsibility for one’s health is each individ-
ual’s. That responsibility is met by the way the person lives, thinks, 
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on a unifying defi nition and clearly stated tenets or principles that 
govern the practice of osteopathic medicine.

According to Littlejohn, the fi rst consensus defi nition of oste-
opathy, among multiple faculty members representing several osteo-
pathic medical schools, was published in 1900 (18). After Still 
passed away in 1917, the AOA House of Delegates passed a resolu-
tion that the A.T. Still Research Institute, under the direction of 
Louisa Burns, D.O. at the time, would publish an updated version 
of the most popular textbook on osteopathic principles in print, add-
ing current scientifi c knowledge in support of the philosophy. The 
book was passed around to all the osteopathic colleges for input and 
consensus. In 1922, this consensus based textbook was published by 
the A.T. Still Research Institute as a revised edition of the classic 
textbook by G.D. Hulett initially written at the turn of the 20th 
century (20). By this time in medical thought, it was widely accepted 
that cellular level activity was a strong determinant of health or dis-
ease states. In an attempt to update osteopathic philosophy in light 
of emerging concepts in cellular biology, the authors applied Still’s 
mechanistic viewpoint to cellular physiology. The following passage 
not only illustrates this approach but also demonstrates the desire of 
the profession to state osteopathic philosophy and principles in terms 
of concise tenets based on contemporary scientifi c knowledge:

The osteopathic view of the cell … is largely covered by the 
following statements:

■ Normal structure is essential to normal function.
■  Normal function is essential if normal structure is to be main-

tained.
■  Normal environment is essential to normal function and struc-

ture, though some degree of adaptation is possible for a time, 
even under abnormal conditions.

In the human body, with its diversifi ed functions, we may 
add also:

■ The blood preserves and defends the cells of the body.
■ The nervous system unifi es the body in its activities.
■  Disease symptoms are due either to failure of the organism to 

meet adverse circumstances effi ciently, or to structural abnor-
malities.

■  Rational methods of treatment are based upon an attempt to 
provide normal nutrition, innervation, and drainage to all tis-
sues of the body, and these depend chiefl y upon the mainte-
nance of normal structural relations (20).

The addition of medications in the practices of osteopathic 
physicians and surgeons over the years affected how the philoso-
phy was stated. For example, in 1948 the faculty at the College of 
Osteopathic Physicians and Surgeons in Los Angeles added the 
following phrase to their basic osteopathic principles statement: 
“Like a machine, the body can function effi ciently only when in 
proper adjustment and when its chemical needs are satisfi ed either 
by food or medical substances” (45). Further evolution occurred in 
1953 when the faculty of the Kirksville College of Osteopathy and 
Surgery agreed on the following:

Osteopathy, or Osteopathic Medicine, is a philosophy, a science, 
and an art. Its philosophy embraces the concept of the unity of 
body structure and function in health and disease. Its science 
includes the chemical, physical, and biological sciences related to 
the maintenance of health and the prevention, cure, and allevia-
tion of disease. Its art is the application of the philosophy and the 
science in the practice of osteopathic medicine and surgery in all 
its branches and specialties.

regenerative, and recuperative biological mechanisms, whose 
combined effect is consistently in the direction of the mainte-
nance, enhancement, and recovery of health; and (c) the factors in 
and around the person that both favorably and unfavorably affect 
those mechanisms.

The practice of osteopathic medicine is, essentially, the poten-
tiation of the intrinsic health-maintaining and health-restoring 
resources of the individual. The methods and agents employed 
are those that are effective in enhancing the favorable factors and 
diminishing or eliminating the unfavorable factors affecting each 
individual. Osteopathic medical practice necessarily includes the 
application of palliative and remedial measures, but always on the 
condition that they do no harm to the patient’s own health-main-
taining and health-restoring resources. This stipulation governing 
the choice of methods and agents is based on the recognition that 
all therapeutic methods depend on the patient’s own recuperative 
power for their effectiveness and are valueless without it and that 
health and the recovery of health come from within.

The art and science of osteopathic medicine are expressed in 
the identifi cation and selection of those factors in each individual 
that are accessible and amenable to change and that, when changed, 
would most decisively potentate the person on health-supporting 
resources.

Osteopathic physicians give special emphasis to factors origi-
nating in the musculoskeletal system, for the following reasons:

1.  The vertical human framework (a) is highly vulnerable to 
compressive (gravitational), torsional, and shearing forces, 
and (b) encases the entire central nervous system.

2.  Since the massive, energy-demanding system has rich two-
way communication with all other body systems, it is, because 
of its vulnerability, a common and frequent source of impedi-
ments to the functions of other systems.

3.  These impediments exaggerate the physiological impact of 
other detrimental factors in the person’s life, and, through the 
central nervous system, focus it on specifi c organs and tissues.

4.  The musculoskeletal impediments (somatic dysfunctions) are 
readily accessible to the hands and responsive to the manipu-
lative and other methods developed and refi ned by the osteo-
pathic medical profession.

The Defi nition of Osteopathy

Osteopathic philosophy has been defi ned various ways over the 
years. To get a better sense of the evolution of the osteopathic phi-
losophy since its inception, it is instructive to follow how it has 
been defi ned over time. In his autobiography, Still gave a “techni-
cal” defi nition as follows:

Osteopathy is that science which consists of … knowledge 
of the structure and functions of the human mechanism … 
by which nature under the scientifi c treatment peculiar to 
osteopathic practice … in harmonious accord with its own 
mechanical principles, … may recover from displacements, 
disorganizations, derangements, and consequent disease and 
regain its normal equilibrium of form and function in health 
and strength. (10)

Besides Still, several other American osteopathic scholars wrote
treatises on osteopathic philosophy and principles (19,20,23,
24,33,33a,38–44). Each author had his or her own defi nition and 
explanation of osteopathic philosophy. There have been several 
attempts over the past century to obtain consensus, or agreement, 
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2.  The body is capable of self-regulation, self-healing, and health 
maintenance.

3. Structure and function are reciprocally interrelated.
4.  Rational treatment is based upon an understanding of the 

basic principles of body unity, self-regulation, and the inter-
relationship of structure and function (51).

In July 2008, the AOA House of Delegates adopted a policy 
statement accepting these four tenets as stated.

In order to represent an increasingly diverse group of osteo-
pathic physicians, the AOA adopted a general statement regarding 
osteopathic medicine. Since 1991, the offi cial AOA defi nition of 
osteopathic medicine has been reviewed periodically. The latest ren-
dition defi nes Osteopathic Medicine.

A complete system of medical care with a philosophy that com-
bines the needs of the patient with current practice of medicine, 
surgery and obstetrics; that emphasizes the interrelationship 
between structure and function; and that has an appreciation of 
the body’s ability to heal itself.

SUMMARY

Based on a health-oriented medical philosophy, osteopathic 
medicine uses a number of concepts to implement its principles. 
The neuromusculoskeletal system is used as a common point of 
 reference because it directly relates the individual to the  physical 
environment on a day-to-day basis. The practitioner’s primary 
roles are to:

■ Address primary cause(s) of disease using available evidence-
based practices

■ Enhance the patient’s healing capacity
■ Individualize patient management plans with an emphasis on 

health restoration and disease prevention
■ Use palpatory diagnosis and manipulative treatment to focus on 

and affect somatic signs of altered structural, mechanical, and 
physiologic states

Osteopathic philosophy is meant to guide osteopathic physi-
cians in the best use of scientifi c knowledge to optimize health 
and diminish disease processes. Upon founding his profession and 
school, Still expressed the hope that “the osteopath will take up the 
subject and travel a few miles farther toward the fountain of this 
great source of knowledge and apply the results to the relief and 
comfort of the affl icted who come for counsel and advice” (14). It is 
the intention of the authors to organize current medical knowledge 
and place it on a foundation of osteopathic philosophy. We do this 
in order to provide the osteopathic medical student with a road 
map that will lead to the further study of the science of osteopathy 
and the practice of the highest quality patient-centered health care 
possible.
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2 Major Events in Osteopathic History
BARBARA E. PETERSON

K E Y  C O N C E P T S

■ The origin of osteopathic medicine is the story of a search for improvement in the system of health care.
■ Growth of the osteopathic profession followed a philosophy enunciated by Andrew Taylor Still.
■ The establishment of an osteopathic educational process was influenced by individuals not only in the United 

States but also from other countries.
■ Andrew Taylor Still did not intend to establish a separate profession for the practice of medicine but sought 

acceptance of his ideas within teaching programs of traditional medicine.
■ The growth of osteopathic professional organizations was made necessary by concerted resistance from the 

organizations of traditional medicine.
■ The continued demonstration of strength and growth by the osteopathic profession led to recognition by state 

and federal governments.
■ The need to provide expanded teaching of osteopathic theory, methods, and practice led to the development of 

hospitals, primary care emphasis, and the implementation of specialty training programs.

INTRODUCTION

Osteopathic medicine has from its beginning been a profession 
based on ideas and tenets that have lasted through all sorts of 
adversity and have been credited with bringing the profession to 
its present level of success. The previous chapter outlines in some 
detail the growth of these ideas. It is perhaps signifi cant that the 
profession’s founder never wrote clinical manuals, only books of 
philosophy (1–4).

It is striking that these ideas, still quoted extensively today (5), 
came not from universities or medical centers but from the creative 
problem solving of an informally educated American frontier doc-
tor named Andrew Taylor Still. Looking back more than a century, 
it seems surprising that his ideas were so controversial when fi rst 
put forward. But perhaps history has caught up with this eccentric, 
inventive man.

ANDREW TAYLOR STILL

The story of Andrew Taylor Still is worth knowing in detail but 
must be told superfi cially. He was born in a log cabin in Virginia 
in 1828, the year Andrew Jackson was elected president (Fig. 2.1). 
Still’s family were farmers, as most people were then; his father was 
also a Methodist circuit rider who preached and treated people’s 
ills. He later would teach his fi ve sons to be doctors in the usual 
frontier apprentice system of the time.

Still’s mother came from a family that was nearly all wiped 
out by a Shawnee Indian massacre (6), and it must have seemed a 
supreme irony when in 1851 she and her husband moved to Kansas 
as missionaries to the descendants of these same Indians. How-
ever, the family course fi rst took them to Tennessee and then to 
Missouri, where they also were frontier missionaries.

Still had the sketchy education of a frontier child (3) but he was 
an inventive person and liked to read. Eventually, he would become 
familiar with many of the major practical and ideological trends 

of his time. But learning to survive had to come fi rst; Missouri 
and Kansas were true frontiers. The Stills fi rst eked out a living by 
hunting for food and making some of their clothes from animal 
skins. The family also plowed their land claim and established a 
farm while the father rode a circuit among scattered settlers, min-
istering to minds and bodies. It was a lifestyle that gave substance 
to the word “survivor” (7).

Still would later say how important animal dissection had been 
as a preparation for study of human anatomy. He also recorded 
another prophetic childhood experience in his Autobiography:

One day, when about ten years old, I suffered from a headache. 
I made a swing of my father’s plow-line between two trees; but 
my head hurt too much to make swinging comfortable, so I let 
the rope down to about eight or ten inches of the ground, threw 
the end of a blanket on it, and I lay down on the ground and used 
the rope for a swinging pillow. Thus I lay stretched on my back, 
with my neck across the rope. Soon I became easy and went to 
sleep, got up in a little while with the headache gone. As I knew 
nothing of anatomy at this time, I took no thought of how a rope 
could stop headache and the sick stomach which accompanied it. 
After that discovery I roped my neck whenever I felt one of those 
spells coming on (3).

To the end of his life, Still continued to “rope his neck” 
(Fig. 2.2). In his old age, he would lie down daily with his neck on a 
version of a Chinese pillow, known among country folk as a “saint’s 
rest”—a wooden frame with a leather strap suspended across it—
giving the same effect as a plow rope suspended between two trees. 
In his middle years, he discovered other crude but effective meth-
ods for self-treatment, notably a croquet ball upon which he would 
lie down at the correct point when the problem was in his back 
rather than his neck (Mrs. J.S. Denslow [Dr. Still’s granddaughter], 
personal communication, 1972).

In the 1840s, the issue of slavery divided the Methodist church 
and the Stills stayed with the northern (abolitionist) branch. 
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By the early 1850s, most of the family had moved to Kansas, 
including Still and his young wife. At that time Still began seri-
ously to read and practice medicine with his father. They gave the 
Indians “such drugs as white men used [and] cured most of the 
cases [they] met” (3).

In 1855, the government forced the Shawnees farther west, 
and Kansas became a virtual war zone as both abolitionist and 
proslavery settlers rushed in. The fate of Kansas as a free state 
depended on a popular vote. The Stills chose to be active aboli-
tionists. Still recalled:

I could not do otherwise, for no man can have delegated to him 
by statute a just right to any man’s liberty, either on account of 
race or color. With these truths before me I entered all combats 
for the abolition of slavery at home and abroad, and soon had a 
host of bitter political enemies, which resulted in many thrilling 
and curious adventures (3).

The Stills met John Brown and fought, under the command of 
Jim Lane, two of the abolitionist leaders active on the western fron-
tier. There are numerous stories of “abolitionist encounters” during 
the pre-Civil War days (8–10). The struggle lasted, said Still, until 
Abraham Lincoln “wrote the golden words: ‘Forever free, without 
regard to race or color.’ I will add–or sex” (3).

The territorial political situation was volatile and confusing, 
with even the elections seemingly decided by gun battles. There 
are many accounts of “bloody Kansas” in the pre-Civil War period, 
including those in early osteopathic writings. But somehow a free 
state legislature was elected in 1857, and Still was a proud member 
of that group (11).

Still’s fi rst wife, née Mary Margaret Vaughn, died in 1859, 
leaving three children. In late 1860, Still married a young school-
teacher who had learned to mix prescriptions for her physician 
father and who was prepared by her background to accept Still’s 
medical and spiritual speculations (8). It was a most important 
partnership; Mary Elvira Turner Still was to support her husband 
and family through the long period of doubt and disgrace that pre-
ceded successful establishment of the osteopathic profession and 
again through the heady days of unexpected success. But all this 
was in the future.

When the Civil War offi cially began, Still enlisted fi rst in a 
cavalry division of a force assigned to Jim Lane. Later, he organized 
a company of Kansas militia, which was in turn consolidated with 
other militia battalions. He was commissioned a major and saw 
active combat; some experiences are recounted in his Autobiogra-
phy (3). He also served as a military surgeon, though he had been 
listed as a hospital steward on the offi cial record (12). His unit was 
disbanded in October 1864, and Still went home to resume normal 
civilian life.

It was not exactly a joyful homecoming. In February 1864, his 
three children had died of cerebrospinal meningitis, despite the 
best efforts of the physicians called to help. All around him, Still 
saw people who had become addicted to alcohol or morphine, and 
he considered that these were “habits, customs, and traditions no 
better than slavery in its worst days” (3).

Mainstream Civil War medicine still depended heavily on 
purging, bloodletting, and an armamentarium of medicines that 
could only be characterized as violent. On both sides, there were 

Figure 2-1 A.T. Still’s birthplace: a one-room log cabin near Jones-
ville, Virginia. Preserved and displayed at the A.T. Still Museum on 
the campus of A.T. Still University in Kirksville, MO. (Still National 
Osteopathic Museum, Kirksville, MO.)

Figure 2-2 Like many physicians before and after him, Dr. A.T. Still applied his new phi-
losophy fi rst to himself and then to his patients. In a famous early anecdote, he stopped 
a headache by suspending his neck across a low-lying rope swing. He later applied self-
adjustments of spinal joint dysfunction to abate an attack of “fl ux” (bloody dysentery). 
After he was successful at curing 17 children of the same affl iction by adjusting their 
spinal joint dysfunctions, he realized he was onto something worthwhile. (From Still AT. 
Autobiography of Andrew T. Still. Rev Ed. Kirksville, MO: Published by the author, 1908. 
Distributed, Indianapolis: American Academy of Osteopathy.)
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many more casualties from sickness than from battle injuries (13). 
A history of American medicine recounts:

Even the most erudite and experienced physician had few effec-
tive medicines at his command. Some of those which were effec-
tive were unknown to the poorly educated practitioner; others 
he knew not how to use. The short list of effective agents in the 
1870s included the anesthetics (ether, chloroform, and nitrous 
oxide); opium and its alkaloids (morphine was fi rst used exten-
sively during the Civil War to ease the pain of the wounded); 
digitalis, which was used chiefl y for cardiac edema [congestive 
heart failure]; ergot, to stimulate uterine contractions and to con-
trol postpartum hemorrhage; mercury in the form of an inunc-
tion for syphilis and in the form of calomel to purge and salivate; 
various cathartics of botanical origin; iron, usually in the form of 
Blaud’s pills for anemia; quinine for malaria; amyl nitrite, which 
was fi rst recommended for the relief of angina pectoris by Sir 
Thomas Lauder Brunton in 1867 but was still not well known in 
1876; sulfur ointment for the itch (scabies); green vegetables or 
citrus fruit for the prevention or treatment of scurvy. These vari-
ous medicines were administered either by mouth, by rectum, by 
inhalation, or by application to the skin. The hypodermic syringe 
had been introduced by the French surgeon Pravaz in 1851. He 
employed it to inject “chloride of iron” into vascular tumors to 
coagulate their contents. Although it was subsequently used for 
other restricted purposes, the danger of infection limited its use 
until the physician had learned how to prevent infections by the 
preparation of sterile solutions (14).

This description of the best of the armamentarium available was 
recorded about a decade after the Civil War. The urban popula-
tions certainly benefi ted most from these breakthroughs; frontier 
doctors and their patients were very much worse off. Still agonized 
over the situation:

My sleep was well nigh ruined; by day and night I saw legions 
of men and women staggering to and fro, all over the land, cry-
ing for freedom from habits of drugs and drink…. I dreamed 
of the dead and dying who were and had been slaves of habit. 
I sought to know the cause of so much death, bondage, and dis-
tress among my race…. I who had had some experience in allevi-
ating pain found medicine a failure. Since my early life I had been 
a student of nature’s book. In my early days in windswept Kansas 
I had devoted my attention to the study of anatomy. I became 
a robber in the name of science. Indian graves were desecrated 
and the bodies of the sleeping dead exhumed in the name of sci-
ence. Yes, I grew to be one of those vultures with the scalpel, and 
studied the dead that the living might be benefi ted. I had printed 
books, but went back to the great book of nature as my chief 
study (3).

He also wrote that he attended a course of lectures at a Kansas City 
medical school that was long defunct at the time of writing (15).

The next decade of Still’s life was devoted to a search for a bet-
ter way. He farmed, and he invented a butter churn and a version 
of a grain reaper. More children were born, the sons and daughter 
who would eventually become prominent in the profession their 
father was soon to found.

The search for a better way had many potential bypaths. The 
post-Civil War period was a time of great diversity in the heal-
ing professions, both in terms of how one became identifi ed as a 
physician and how one approached the practice (16). In the mid-
19th century, there were no licensing boards and only scattered state 
laws governing medical practice. There were a few medical schools 

but there were no standard curricula. Most physicians, especially on 
the frontiers, were trained as apprentices, doing some reading and 
serving as a physician’s assistant for an unstated length of time.

A majority of physicians followed a standard pattern, heavily 
infl uenced by the “heroic medicine” of Benjamin Rush, who said that 
“there is but one disease in the world” and that it was treatable by 
“depletion,” which translated as bloodletting, blistering, and purging. 
One infl uential textbook writer, John Esten Cooke, wrote that:

All diseases, particularly fevers, arose from cold or malaria, which 
weakened the heart and thus produced an accumulation of blood 
in the vena cavae and in the adjoining large veins of the liver. 
Consequently, calomel and other cathartics which acted on that 
organ were the cure. “If calomel did not salivate and opium did 
not constipate, there is no telling what we could do in the practice 
of physic” (17).

Calomel and other mercury compounds were still listed as late 
as 1899 in the fi rst Merck’s manual, along with opium and mor-
phine and many alcohol-based compounds (18). The practice of 
“heroic” dosing was well established and well defended. By the 
time of the Civil War, the system was also called “allopathy,” now 
defi ned as “that system of therapeutics in which diseases are treated 
by producing a condition incompatible with or antagonistic to the 
condition to be cured or alleviated” (19).

The damage caused by the “heroic” techniques was obvious to 
thinkers before Still, and there were alternative systems of medi-
cine available for consideration. Home remedies and Indian herbal 
preparations were a basic choice, and this lore was substantial and 
widely used (17). Numerous resources for botanic preparations were 
available as well; many of these manuals were widely circulated.

Homeopathy was a major infl uence in the 19th century. 
Articulated by Samuel Hahnemann (1755–1843), it was a system 
of therapy in which “diseases are treated by drugs which are capable 
of producing in healthy persons symptoms like those of the disease 
to be treated, the drug being administered in minute doses” (19,20). 
Eclecticism was another choice, described as “a once popular system 
of medicine which treats diseases by the application of single reme-
dies to known pathologic conditions, without reference to nosology, 
special attention being given to developing indigenous plant rem-
edies” (16). Magnetic healing, which “combined spiritualism and 
healing by seeking to restore the balance of an invisible magnetic 
fl uid circulating throughout the body” (16), and its variants that 
attempted to use electrical current to restore health were employed. 
The water cure, movements emphasizing hygiene, antialcoholism 
or temperance, fresh air and sunlight, nutritional programs, and 
physical education and popular versions of mental healing, includ-
ing hypnotism, spiritualism (table rapping), and phrenology, were 
additional alternatives. And, there were the bonesetters.

At least two of these methods attracted Still and he linked his 
name to each for a time. A professional card in the Still Museum 
in Kirksville, Missouri, identifi es Still as a “lightning bone-setter.” 
In 1874, he advertised himself in Kirksville as a “magnetic healer,” 
possibly because he was persuaded by “the metaphor of the harmo-
nious balance of the interaction of body parts and the unobstructed 
fl ow of body fl uids” (16).

After a decade of study, in 1874, Still “fl ung to the breeze 
the banner of osteopathy” (3). He did not say precisely what that 
meant—perhaps a decision, perhaps a sudden coming together of 
creative thought—but it was followed by attempts to present his 
fi ndings at Baker University, an institution his family had helped 
to found (21). He could not get a hearing. Furthermore, he was 
ejected from the Methodist church on the basis that only Christ 
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began to spread via the newspapers and word of mouth, and once 
that happened, the burden of practice quickly became heavy. Still 
began to think about teaching others his methods; unlike many 
alternative practitioners of his day, he never intended to keep 
therapeutic secrets to himself or to grow rich from his methods. 
There were abortive attempts fi rst to train apprentices and then 
to teach a class of operators to assist in the practice of osteopathy. 
The attempts were unsuccessful largely because the students lacked 
Still’s detailed knowledge of anatomy and bodily function.

The term “osteopathy” was coined by Still in about 1889. The 
story is told (24) that, when challenged because this word was 
not in the dictionary, Still replied, “We are going to put it there.” 
The word became for Still and his followers a symbol for medical 
reform, for a science that would refocus medicine on the restora-
tion of normal function. Osteopathy aimed to work with and facili-
tate the natural machinery of the body for normal and reparative 
function, rather than working against it, as seemed to be the case 
with purgatives, emetics, bloodletting, and addictive drugs.

PROFESSIONAL EDUCATION AND GROWTH

First School

The fi rst successful school where osteopathy was taught, the 
American School of Osteopathy, was chartered in May 1892 and 
opened that fall with a class of about 21 men and women, including 
members of Still’s family and other local people (Figs. 2.3 and 2.4). 
The faculty consisted of Still and Dr. William Smith, a physician 

was allowed to heal by the laying on of hands. Still’s description 
of that experience makes it clear that his “laying on of hands” was 
therapeutic manipulation.

During the next year, Still spent some time with his brother, 
who had become addicted to morphine through medical treatment. 
This experience, added to the uselessness of medications in saving 
his family and others, roused in Still a hatred for the drugs of the day. 
This enmity sometimes appeared to be nearly absolute, even when 
the armamentarium of drugs began to move from harmful toward 
helpful (1–4,22). However, there is evidence in his own writings that 
he sometimes used topical medications. For example, for snakebites, 
he washed the wounds with spirits of ammonia, and washed areas 
bitten by a dog with hydrophobia/rabies with a diluted sulfuric acid 
solution, and used alcohol to wash a spasmodic tetanic joint (4).

Late in 1875, Still moved from Kansas to Kirksville, Mis-
souri, where he spent the rest of his life. For several years, Still 
used Kirksville as a base to conduct a marginal itinerant practice 
(23). His practice evolved as he gained experience, so that the main 
treatment modality became manipulation. Although this treat-
ment included some of the traditions of magnetic healing and bone 
setting, it emphasized detailed knowledge of anatomy and body 
mechanics so that treatment could be said to restore normal func-
tion. He held that the body is an effi cient chemical laboratory that, 
in health, makes all the “drugs” it naturally needs. The object of 
treatment was to discover what caused the sickness and remove the 
interference so that the body could heal itself (2).

By 1887, enough patients came to Kirksville so that Still could 
stop his itinerant practice. Word of dramatic successful outcomes 

Figure 2-3 The American School of Osteopathy in the 
1890s with Dr. A.T. Still sitting on a rail on the porch. (Still 
National Osteopathic Museum, Kirksville, MO.)

Figure 2-4 The fi rst class of the American School of Oste-
opathy had fi ve women (1892). (Still National Osteopathic 
Museum, Kirksville, MO.)
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During the last 5 years of the 19th century, the growth of both 
the clinic and the school was spectacular. Patients came from near 
and distant places, having heard by word of mouth or by printed 
accounts of near-miraculous cures. There were enough such “mira-
cles” that the osteopathic profession was widely promoted by grate-
ful patients. A signifi cant number of early DOs were either former 
patients or family members of patients who came to their studies 
with a kind of evangelical fervor. The town of Kirksville prospered 
and came to regard Still, who once was ridiculed, as a citizen of 
immense importance. He was lavishly praised, and he lived to see 
his statue, with the inscription “The God I Worship Demonstrates 
All His Work,” erected in the town square (26,27) (Fig. 2.6).

Data on numbers of enrolled students illustrate the school’s 
dramatic growth. In October 1895, there were 28 students. By the 
following summer, there were 102. By 1900, there were over 700 
students, with a faculty of 18 (25) (Fig. 2.7). By the turn of the cen-
tury, there were also more than a dozen “daughter” schools founded 
by graduates of the original school (28). Some of the schools were 
well organized under the model established by Still; others were 
established as diploma mills with the anticipation of generating 
large incomes for the persons establishing them. Still considered 
many of these to be for training “engine wipers” who were inca-
pable or inexperienced in the practice of osteopathy. Many of these 
closed as standards were established by the American Osteopathic 

Figure 2-5 A.T. Still, M.D., (left) and William Smith, M.D., were the 
inaugural faculty of the newly founded American School of Osteop-
athy in 1892. (Still National Osteopathic Museum, Kirksville, MO.)

trained in Edinburgh, Scotland, who taught anatomy in exchange 
for learning osteopathy (Fig. 2.5)

The goal, as stated in the revised (1894) charter for the school, 
was “to improve our present system of surgery, obstetrics, and treat-
ment of diseases generally, and [to] place the same on a more ratio-
nal and scientifi c basis, and to impart information to the medical 
profession.” The charter would have permitted granting the doctor 
of medicine (MD) degree, but Still insisted on a distinctive recog-
nition for graduates, DO, for diplomate in osteopathy (later doctor 
of osteopathy) (25).

The fi rst course was just a few months long; most of the 
students voluntarily returned for a second year of additional train-
ing. By 1894, the course was 2 years long, two terms of 5 months 
each. In addition to their study of anatomy, students worked in the 
clinic under experienced operators, at fi rst only under Still but later 
under graduates as well.

Figure 2-6 The statue dedicated in 1917 to A.T. Still in Kirksville, 
MO, still stands today in the town square. (Still National Osteopathic 
Museum, Kirksville, MO.)
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published in 1910 (31). After this report, which harshly condemned 
osteopathic schools along with many medical schools, more mar-
ginal schools closed, and the surviving ones converted to a not-
for-profi t status. Few of the schools established for teaching black 
physicians survived this period (32) and all but two or three of 
the schools for women closed (33,34). State licensing boards began 
to enforce stricter requirements; this probably was a more decisive 
infl uence than the Flexner Report (16, 35).

Curriculum

Many medical schools formed affi liations with universities; by 
doing so, they gained both experienced science faculty and stable 
funding. This was not an option for osteopathic institutions at that 
time, and they faced a diffi cult dilemma: raise entry standards and 
lose major portions of tuition payments, which represented their 
only income, or adopt a “go slow” attitude. They chose the lat-
ter, which meant that they were perhaps 2 decades behind in the 
educational reforms that many agreed were desirable (36). AOA 
standards did increase the required length of osteopathic curricula 
to 3 years in 1905 and to 4 years in 1915 (30).

The profession responded offi cially to external criticism by 
pointing out the differences between osteopathic and orthodox 
medical education. However, when there was an opportunity to 
raise general standards, as came about in the 1930s, the profession 
did so. By the mid-1930s, osteopathic colleges were requiring at 
least 2 years of college before matriculation; in 1954, 3 years were 
required; by 1960, over 70% of students had either baccalaureate 

Association (AOA) and by state licensure; by 1910, only eight 
remained.

Confl ict with the American Medical Association

Medical education in the late 19th century was not well regulated. 
Many schools—allopathic, eclectic, homeopathic, and osteopathic—
had virtually no entrance requirements except tuition payments, and 
many schools were for-profi t institutions. Licensing laws had not 
yet reached a stage where they were effective in setting educational 
standards. The American Medical Association (AMA), founded in 
1847 and later a powerful infl uence on raising educational standards, 
was weak and in need of reorganization in the 1890s.

A new, reorganized AMA, observing that there were too many 
doctors, made its fi rst order of business, under a revised constitu-
tion, the regulation of medical education. Its Council on Medical 
Education was formed in 1904, with a charge (among others) to 
improve the academic requirements for medical schools. This was 
fulfi lled by rating all medical schools as class A (approved), B (pro-
bation), or C (unapproved) and making the fi ndings available to 
state licensing boards (29).

Even before the AMA formed its Council on Medical Educa-
tion, the young AOA had adopted standards of its own for approval 
of osteopathic colleges (1902) and began inspections (1903) (30). 
This caused many small osteopathic colleges to close or merge with 
larger institutions.

Osteopathic schools were not included in the fi rst AMA 
survey but they were included in the infl uential Flexner Report, 

Figure 2-7 The faculty of the American School of 
Osteopathy in 1899. Several soon thereafter became 
leaders in the profession and founded new osteopathic 
colleges. (Still National Osteopathic Museum, Kirksville, 
MO.)
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concerning his father’s practice (38). As already noted, Still 
remained skeptical about using or teaching any form of pharma-
ceutical therapy.

Still’s general opposition to drugs did not prevent some early 
DOs from using them for treatment. Quite a few had been trained 
as MDs before they came to osteopathic schools; others went on to 
earn MD degrees after they became DOs; still others simply decided 
to use all the adjunctive treatments available. Most “broad” osteo-
paths felt that after new safer medications were developed it was 
consistent with being a completely trained physician to incorporate 
them into osteopathic practice. The most direct early confronta-
tion came in 1897 when a DO-MD opened the short-lived Colum
bian School of Osteopathy in Kirksville, with the announced inten-
tion of offering DO and MD degrees upon graduation from a course 
in manipulation, surgery, and materia medica. The competitive and 
personal issues in this case extended beyond the academic questions 
and the school closed after graduating only three classes (25). The 
issue was professionally divisive for many years thereafter.

Adjunctive treatments became a major subject of debate 
within the AOA and the Associated Colleges of Osteopathy (now 
the American Association of Colleges of Osteopathic Medicine) 
for many years. The question fi nally was resolved in favor of the 
“broad” osteopaths, not by consensus over the idea but by recog-
nizing that state licensing laws required fuller training. In 1916, 
against the direct protest of Still (39), the trustees revoked a previ-
ous year’s action condemning individuals and colleges that taught 
drug therapy, effectively opening the way for the colleges to form 
their own curricula. The profession’s great success in using manipu-
lative treatment during the 1918 infl uenza epidemic (40) probably 
slowed the integration of materia medica into the osteopathic cur-
riculum. However, by the late 1920s, it became offi cially permis-
sible to institute courses in “comparative therapeutics,” of which 
pharmacology was one subheading (36). By the mid-1930s, the 
integration was complete. The change was validated as drugs were 
greatly improved, making it possible to offer pharmaceutical treat-
ment where benefi ts outweighed risks.

Curricular improvement continued as clinical teaching facili-
ties grew and as budgets permitted the hiring of full-time faculty, 
particularly in the basic sciences. While instruction by physicians 
in active practice was an advantage for students who were develop-
ing clinical skills, the basic sciences and laboratory-based research 
required faculty who could give these interests their full attention. 
All the colleges had full-time basic science faculty by the time the 
fi rst osteopathic medical school became affi liated with a major 
American university; such affi liations had been the route by which 
allopathic schools had strengthened their basic science teaching 
earlier in the 20th century.

One other curricular improvement deserves mention. For many 
years, teachers of osteopathic principles and practice developed 
courses in their area of expertise as traditions within their indi-
vidual schools, sometimes jealously guarded and always zealously 
defended. In 1968, a small intercollegiate group of osteopathic 
principles professors met for the fi rst time. The initial agenda was 
a response to the new initiative of uniform medical coding, in light 
of a movement to change the term “osteopathic lesion” to “somatic 
dysfunction.” This change had to be discussed and agreed upon as 
part of preparation for diagnostic coding. The group continued to 
meet and it became known as the Educational Council on Osteo-
pathic Principles; later, it became affi liated with the American Asso-
ciation of Colleges of Osteopathic Medicine. Its agenda grew to 
include a uniform glossary of osteopathic terminology (a current edi-
tion is included at the back of this text); systematic development of 
agreement about the content of a multidisciplinary, problem-based, 

or advanced degrees prior to entry (36). At present, virtually all 
students enter colleges of osteopathy with at least baccalaureate 
degrees; many have advanced degrees as well.

Curriculum content similarly grew and changed with the times. 
An 1899–1900 Kirksville catalogue describes the school’s course of 
study as follows (37):

The course of study extends over two years and is divided into 
four terms of fi ve months each, as shown in Table 2.1.

The major difference between this 1899–1900 curriculum and 
that of an allopathic medical school of the same period, in addition 
to the distinctive osteopathic content, was the exclusion of materia 
medica (pharmacology).

Early in osteopathic history, a difference appeared between 
so-called lesion osteopaths and broad osteopaths: those who limited 
their therapeutic practice essentially to manipulation and those who 
used all the tools available to medicine, including materia medica.

Still practiced midwifery (obstetrics) and surgery; both were 
taught under his guidance. Indeed, when the issue of surgery became 
controversial among later DOs, Still’s son provided an affi davit 

T A B L E  2 . 1

Description of Course of Study by Term

Term Topics

1 •  Descriptive anatomy, including osteology, 
syndesmology, and myology

•  Lectures on histology, illustrated by 
microstereopticon

•  Principles of general inorganic chemistry, 
physics, and toxicology

2 •  Descriptive and regional anatomy with 
demonstrations

• Didactic and laboratory work in histology
• Physiology and physiological demonstrations
• Physiological chemistry and urinalysis
• Principles of osteopathy
• Clinical demonstrations in osteopathy

3 • Demonstrations in regional anatomy
• Physiology and physiological demonstrations
•  Lectures on pathology illustrated by 

microstereopticon
• Symptomatology
• Bacteriology
• Physiological psychology
•  Clinical demonstrations in osteopathy and 

osteopathic diagnosis and therapeutics
4 • Symptomatology

• Surgery
• Didactic and laboratory work in pathology
• Psychopathology and psychotherapeutics
• Gynecology
• Obstetrics
• Hygiene and public health
• Venereal diseases
• Medical jurisprudence
• Dietetics
• Clinical demonstrations
• Osteopathic and operative clinics
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education but also became an impetus for nationwide growth that 
continues to this day (43).

In 1964, the Michigan Association of Osteopathic Physicians 
and Surgeons committed itself to develop a new, independently 
funded college of osteopathic medicine. This initiative occurred 
because more than 1,000 osteopathic physicians practiced in the 
state, representing about 5% of the state’s physician total and pro-
viding care for about 20% of the state’s patients. None of these 
DOs had received their education in the state. In 1969, 18 students 
enrolled in the fi rst class at a new campus in Pontiac, Michigan. 
Within 2 years, it was clear that a program of such complexity could 
not survive fi nancially as a freestanding institution. A number of 
strong supporters in the Michigan legislature, and Michigan’s gov-
ernor, were willing to support a bill for state funding with one major 
stipulation: the college had to be integrated with an existing, accred-
ited university program. After complex negotiations, the program 
transferred to the campus of Michigan State University in 1971, 
where it became the fi rst university-based osteopathic college.

After this affi liation proved successful, 20 more osteopathic 
schools (some public, some private) were developed over the next 
38 years. In 2009, 26 colleges were accredited by the AOA for pre-
doctoral osteopathic education (28). See Table 4.2 for a list of these 
colleges and Chapter 4 in this section for the current scope and 
status of osteopathic education and regulation.

STATE LICENSURE

Closely related to the issue of educational standards was licensure 
under increasingly strict state laws.

The fi rst legislative recognition of osteopathic practice came 
from Vermont in 1896 (44), where graduates of the American 
School of Osteopathy, Kirksville, were accorded the right to prac-
tice in that state. Missouri had a successful bill as early as 1895, but 
it was vetoed by the governor; what was hailed as a better bill was 
passed and signed into law in March 1897 (22,45).

Such laws as these, greeted with much rejoicing, made tremendous 
growth possible in the osteopathic profession in states where legislation 
provided a friendly welcome. Osteopathic history includes numerous 
stories about legal action against DOs for practicing without a valid 
license, David-and-Goliath encounters of DOs with MD-dominated 
legislatures, and testimony or infl uence offered by prominent people 
who were osteopathic patients. These colorful tales were the war sto-
ries of an energetic fi rst generation of DOs, who managed to secure 
legislative rights to at least limited practice in a majority of states.

Registration and licensure were related (but often different) 
matters. Some states provided for the formation of separate osteo-
pathic licensing boards, some permitted the addition of an osteo-
pathic representative to an existing or composite board, and a few 
permitted DOs to apply through a medical board without osteo-
pathic representation.

The roles of these boards were not immediately clear at the time 
of their formation. There was opposition on ideological grounds 
even to the idea of licensure. Some populists, not partisan to either 
osteopathic or allopathic physicians, said that medical licensure was 
in itself discriminatory. Others said that licensing would interfere 
with freedom of medical research. Some social Darwinists went so 
far as to say that if the poor died of their own foolishness in choos-
ing bad medical practitioners, the species would improve (32).

By 1901, however, every state had some form of legislation 
requiring at least registration, with a diploma from an accepted 
school, or a state examination of some type. When the Missouri 
board began to function in 1903, the fi rst certifi cate it issued was 
to Still (46).

and patient-oriented osteopathic principles curriculum; and fi nally, 
this textbook, Foundations of Osteopathic Medicine. Its continuing 
role also includes development of osteopathic-oriented questions 
for national board/licensure and specialty board examinations.

Research

On one level, since its earliest days, osteopathic medicine has been 
a profession based on a research question: “Can we fi nd a better 
way?” Osteopathic manipulation developed as an experimental 
approach to clinical conditions that did not respond to the conven-
tional treatments of the time, and its practical success became the 
empirical research results that led to another level: the questions 
of “why” and “what if ” appropriate to laboratory study. Medical 
research, in parallel with medical education, underwent a process 
of developing new traditions and controls, as well as better equip-
ment, all of which would shape future clinical studies.

Laboratory studies began among osteopathic physicians almost 
as soon as there was an organized osteopathic school (41). Study of 
the scientifi c questions raised by osteopathic manipulative practice 
has never been easy; the diffi culty can be illustrated by one obvi-
ous clinical question: “What is a manipulative placebo?” In spite 
of these and other diffi culties, a number of signifi cant accomplish-
ments have been recorded (42). Part V of this book offers an exten-
sive survey of osteopathic research efforts from past to present.

Growth of the Profession’s Schools

Enthusiastic graduates of the fi rst osteopathic college—for reasons 
evangelistic or pecuniary—quickly began to establish new schools 
throughout the country. Some of these were short-lived because 
they were unable to meet the rising standards of the AOA. Others 
merged with stronger institutions and survived in a new organiza-
tion. Still others strengthened their positions and survived. This 
was the general trend for medical education in the 19th century, 
and the smaller schools, whether allopathic, osteopathic, or homeo-
pathic, had similar closures, consolidations, or rebuilding.

As noted previously, by 1910 only eight of the early osteo-
pathic schools were still in operation. Six of these have survived 
into the new millennium; all have had complicated histories of 
name changes, relocations, charter changes, mergers, and affi lia-
tions with other educational institutions. The fi ve original schools 
still accredited (28) are

■ Kirksville College of Osteopathic Medicine, successor to the 
fi rst school (1892)

■ Philadelphia College of Osteopathic Medicine (1898)
■ Chicago College of Osteopathic Medicine at Midwestern 

University (1900)
■ University of Health Sciences, College of Osteopathic Medi-

cine, Kansas City (1916)—there had been an osteopathic college 
in Kansas City as early as 1895

■ Des Moines University, College of Osteopathic Medicine and 
Surgery (1905)—there had been a school in Des Moines as early 
as 1898

One school, the College of Osteopathic Physicians and Sur-
geons, Los Angeles, has survived as a medical school (University of 
California at Irvine School of Medicine). The California confl ict 
and merger in the 1960s, described briefl y under “State Licen-
sure,” resulted not only in the change of an osteopathic college to 
an allopathic college but also in a revival of interest in osteopathic 
education in the profession. The fi rst new educational focus was 
in Michigan, and it began not only a new tradition in osteopathic 
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supporting osteopathic research. Money for research has never been 
plentiful; a major portion of the support for osteopathic research, 
especially in earlier days, had come from fi nancial contributions 
by DOs themselves. More recently, qualifi ed researchers have been 
recipients of public grant funds, but the role of AOA-affi liated 
research organizations has been essential for start-up projects.

State (divisional) and local (district) osteopathic organiza-
tions were established to serve DOs in their own localities. When 
the AOA grew too large for general membership meetings, state 
societies began (in 1920) to name representatives to serve in an 
AOA House of Delegates. That body, thereafter, became the chief 
policy-making group for the osteopathic profession. A board of 
trustees, elected by the house, oversaw the implementation of those 
policies, a role it still fi lls. Students participate as voting members 
of delegations from the states in which their schools are located; are 
appointed to AOA boards, bureaus, and committees; and also have 
a number of organizations of their own.

A major early effort of the AOA was to produce a code of 
ethics; this was accomplished in 1904. A participant in those delib-
erations observed that the problem was not because anyone really 
wished to practice unethically, but rather that on some points it was 
diffi cult to agree upon what was ethical (50). To put this in perspec-
tive, the issue of advertising was a hard-fought question among all 
professionals at that time. The question was resolved by declaring 
advertising unethical except for brief professional card listings. By 
the 1990s, advertising by professionals was ultimately considered 
ethical, though not of course to condone unfounded claims.

Over time, many osteopathic organizations grew from starting 
points as various as special tasks, geographic or school affi nity, and 
practice interest. A current guide to all AOA-recognized osteo-
pathic organizations is available online, which is updated annually 
(51). These include state and regional osteopathic medical associa-
tions, specialty groups, osteopathic colleges, nonpractice affi liates, 
accredited hospital and health care facilities, and AOA-supported 
programs.

The AOA has always been the umbrella group that recognizes 
and coordinates its efforts on behalf of the profession. The AOA 
itself has many important functions. Through its bureaus, councils, 
and committees, it is the osteopathic accrediting organization for 
undergraduate, graduate, and continuing medical education and 
for health care facilities. It certifi es specialists in all fi elds, through 
a network of specialty boards and its own central bureau. Research 
grants and related projects, as well as educational meetings, are 
arranged through AOA bureaus and councils.

Staff, directed by elected offi cers and trustees, provide profes-
sional services including maintenance of central records on all DOs, 
public and legislative education, member services, educational 
activities including publications and conventions, and coordinated 
special efforts on a variety of concerns. Position papers on various 
topics are approved by the House of Delegates and presented as the 
profession’s position on questions of public health and professional 
interest.

In addition to activities of the AOA itself, a network of divi-
sional and affi liate societies is recognized by the AOA. Certain 
major “subumbrella” organizations have networks of their own: 
the associations of osteopathic colleges, health care organizations, 
licensing groups, and foundations.

Specialty colleges, distinct from the certifying boards, conduct 
educational affairs and recognize their own members’ achievements 
through fellowships and other awards. State (divisional) and local 
(district) societies typically deal with state legislative and regula-
tory affairs, conduct educational programs, and provide a variety of 
member services.

Licensure to practice a full scope of medicine was another 
matter, and in most places, it was related fi rst to the content of the 
osteopathic curriculum and later to the results of examinations. 
Again using Missouri as an example, by 1897, the subjects taught 
had expanded to include anatomy, physiology, surgery, midwifery, 
histology, chemistry, urinalysis, toxicology, pathology, and symp-
tomatology. Everything was included except materia medica and aca-
demic consciences were temporarily satisfi ed. By 1937, however, only 
26 states had any provision to provide unlimited licenses to DOs.

In some states, DOs were ineligible to apply because their edu-
cation did not meet specifi c criteria. As late as 1937, osteopathic 
standards did not meet preprofessional college requirements in 
16 states; in 8 states, a year’s internship was needed. Originally, 
DOs who took examinations under medical or composite boards 
showed a much lower pass rate. Whether this was a difference in 
osteopathic curricula or an educational defi ciency, as it was argued, 
in due course, the curricula were altered and the pass rates increased. 
The major changes were addition of more basic science courses, 
more faculty, and larger clinical facilities (36).

After World War II, a major effort was made to change the old 
limited practice laws. These efforts, along with major changes in 
osteopathic education, enabled the enactment of new practice laws 
for all 50 states (47).

A fi nal dramatic chapter in the American licensing story of the 
osteopathic professional came when the California Osteopathic 
Association agreed in 1961 to merge with the California Medical 
Association, and the College of Osteopathic Physicians and Sur-
geons, Los Angeles, became the California College of Medicine. 
Qualifi ed and consenting DOs were conferred MD degrees as a 
preparation for a referendum approved by voters in 1962, which 
discontinued new licensure of DOs in that state (36,43).

A new state osteopathic group, Osteopathic Physicians and 
Surgeons of California, was chartered by the AOA. This group 
fought against the referendum but lost; they then began a long 
legal battle that culminated in a 1974 decision by the California 
Supreme Court that licensure of DOs must be resumed (36,43,48). 
A new college was chartered in that state, and professional conti-
nuity was restored (43).

By the end of the 20th century, state licensure could be attained 
in various ways: through the standard national osteopathic licensing 
examination and/or through the standard national medical licens-
ing examination, depending on state requirements. Some states 
maintained separate osteopathic and allopathic licensing boards; 
many were composite boards. Graduate education required for new 
licenses still varied from state to state. In every state, however, as 
well as in a number of foreign countries, it was possible for DOs to 
be licensed for unlimited practice.

OSTEOPATHIC ORGANIZATION

The AOA began as a student organization in Kirksville, under the 
name American Association for the Advancement of Osteopathy, 
in 1897. Its present name was adopted in 1901 (49). The second 
national association was the Associated Colleges of Osteopathy 
(now the American Association of Colleges of Osteopathic Med-
icine), formed in 1898. Both groups sought to protect and raise 
standards for education and practice of DOs. The AOA became 
the regulatory group, no longer under student control; the Associ-
ated Colleges became a discussion and consensus group for faculty 
and offi cers of the schools.

In 1907, the fi rst organization devoted to osteopathic research 
began, though the fi rst recorded osteopathic research was done almost 
a decade earlier (41). The AOA played a vital role in encouraging and 
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1966: The AOA was designated by the DHEW (now the 
Department of Health and Human Services [DHHS]) as 
the offi cial accrediting body for hospitals under Medicare.

1967: The AOA was recognized by the National Commission 
on Accrediting as the accrediting agency for all facets of 
osteopathic education.

1983: The fi rst osteopathic fl ag offi cer in the U.S. military was 
appointed.

1997: The fi rst osteopathic surgeon general of the army was 
appointed.

The U.S. Postal Service commemorated a stamp in 1972 in honor 
of the 75th anniversary of the founding of the AOA; it was also the 
80th anniversary of the fi rst osteopathic medical school and nearly 
a century since Still “fl ung to the breeze the banner of osteopathy” 
in 1874 (Fig. 2.8).

The AOA continues to maintain a presence in Washington, DC, 
where it attempts to ensure inclusion of DOs and osteopathic insti-
tutions as active partners in all legislative and regulatory initiatives.

SPECIALTIES AND HOSPITALS

Perhaps the fi rst osteopathic activity in what now is called a medi-
cal specialty began only 3 years after Wilhelm Roentgen announced 
the discovery of radiographs. The second x-ray machine west of the 
Mississippi was installed in Kirksville in 1898. With it, Dr.  William 
Smith formulated a method to inject a radiopaque substance in 
cadaveric veins and arteries to demonstrate the normal pattern of cir-
culation. Two articles were published late that year, one in the Jour-
nal of Osteopathy, a Kirksville journal associated with the American 
School of Osteopathy, and the other in the fl edgling American X-Ray 
Journal. These were reprinted for modern reference in AOA publica-
tions in 1974 (54). When formal certifying boards for osteopathic 
specialties were organized, radiology was the fi rst (1939) (30).

Along with these events came the long story of the develop-
ment of osteopathic hospitals, internships, residencies, specialty 
organizations, specialty standards, examinations, and recognition 
for those standards. By the 1990s, a full complement of specialties, 
training programs, and certifying boards were well established in 
the osteopathic profession, including a board recognizing osteo-
pathic manipulative medicine, now referred to as neuromusculosk-
eletal medicine. At the same time, the profession was unknowingly 
developing what would come to be the most needed type of 
practice for the 1990s: primary care.

Colleges typically have student and alumni groups, student 
chapters of certain specialty organizations, fraternities and sorori-
ties, and a variety of special interest groups. Many of the physi-
cians’ and students’ organizations have auxiliary organizations for 
spouses.

All organizations recognized by the AOA accept such ongoing 
controls as approval of any changes in basic documents and designa-
tion of how many representatives (if any) are sent to the AOA House 
of Delegates for voice and vote in professional policy affairs.

FEDERAL GOVERNMENT RECOGNITION

The fi rst major attempt by the AOA to obtain federal government 
recognition was during World War I when it tried to gain commis-
sions for DOs as military physicians (40). This effort was unsuc-
cessful in spite of active support by such prominent advocates as the 
former president of the United States, Theodore Roosevelt (52).

At that time, an examination was set, and it was understood 
that if DOs (along with MDs) took this and passed it, they could 
be commissioned as medical offi cers. About 25 DOs took the 
examination and were recommended for commissions. The sur-
geon general unilaterally ruled that only MDs were eligible. Bills 
were then introduced (1917) in both the House of Representa-
tives and the Senate to correct this inequity. The bills were referred 
to the Military Affairs Committees, and hearings were held. The 
committee then referred the issue to the surgeon general, who in 
his statement of opposition claimed that regular physicians would 
withhold their services if DOs were allowed to serve. The bills 
remained in committee without resolution until the end of the 
war. Meanwhile, DOs served as regular soldiers, unable to use their 
medical training.

The situation remained uncorrected when World War II began. 
Again there were efforts to obtain commissions for DOs, this time 
emphasizing regulatory rather than legislative barriers (40,53). 
DOs were deferred rather than drafted, waiting for the possibil-
ity to serve in a medical capacity that never came. Ironically, the 
DOs left behind became family physicians to the thousands of the 
patients left by the MDs in military service, which enhanced the 
public’s view of DOs as full-service physicians.

The pressure for federal recognition continued after World War II 
ended and in 1956 a new law specifi cally provided for the appoint-
ment of DOs as commissioned offi cers in the nation’s military med-
ical corps. However, implementation of that law was blocked for 
another 10 years until the Vietnam confl ict created another special 
need for military physicians. The fi rst DO was fi nally commissioned 
in May 1966. The next year the AMA withdrew its long-stand-
ing opposition and DOs were included in the doctor draft. It was 
another 16 years, in 1983, before the fi rst DO was promoted to be a 
fl ag offi cer in the U.S. military medical corps (30).

Acceptance of DOs as medical offi cers in the U.S. Civil Ser-
vice was accomplished in 1963. Careers in this fi eld became pos-
sible after that date. Nearly every federal recognition for DOs came 
after a long and diffi cult fi ght. Among the important federal recog-
nitions were the following (30,36):

1951: The U.S. Public Health Service fi rst awarded renewable 
teaching grants to each of the six osteopathic colleges.

1957: The AOA was recognized by the U.S. Offi ce of Education, 
Department of Health, Education and Welfare (DHEW), 
as the accrediting body for osteopathic education.

1963: The Health Professions Educational Assistance Act 
included a provision for matching construction grants for 
osteopathic colleges and loans to osteopathic students.

Figure 2-8 In 1972, an osteopathic medicine commemorative 
stamp was issued by the U.S. Postal Service. (Still National Osteo-
pathic Museum, Kirksville, MO.)
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By 1999, osteopathic graduate training institutes were the 
standard, linking resources through hospital–college consortiums.

Reorganization of the health care system itself made these 
changes necessary. Payment mechanisms led to the formation of 
large networks of health care providers, including hospitals, outpa-
tient facilities, home care, extended and long-term care, and multiple 
independent contractors and physician organizations. Community 
hospitals, including many osteopathic institutions, were merged 
with larger groups or simply closed. The lines between osteopathic 
and allopathic hospitals blurred as both came under the umbrella 
of managed care organizations.

In a case of history repeating itself, economic factors control 
health care delivery, and the profi t motive is once again a respect-
able part of medical practice. This is placed against a call for serious 
reform of medical education and better distribution of primary care 
physicians. The goal is to provide excellence in patient care and in 
physician education while seeking through corporate management 
tools the funds to survive in a competitive environment.

SUMMARY

At the start of the 21st century, the “parallel and distinctive” 
osteopathic profession is respected in many quarters for a vari-
ety of reasons. First and foremost is the osteopathic emphasis on 
primary care. This arose not only from the earlier circumstances of 
training opportunities and role models but also from the profes-
sion’s traditional whole-person philosophy.

Additionally, there has been a rebirth of interest in manual 
medicine and other osteopathic methods. In most osteopathic col-
leges and graduate education programs, there is increased emphasis 
on historic tenets and clinical skills. The profession’s horizons have 
been expanded by a global emphasis of its own and an interest in 
international groups devoted to manual medicine (57–60).

Osteopathic physicians have gained a positive voice in public 
affairs. In the public arena, DOs are regarded as “parallel and dis-
tinctive” in regulatory and legislative affairs, and the profession is 
consulted on most matters of public health policy. The profession 
has also launched clinical initiatives in such categories as women’s 
health, minority health care, and pediatric end-of-life care. Con-
tinued emphasis on preventive care and health maintenance is in 
line with traditional osteopathic values. An ambitious strategic plan 
launched in 2001 by the AOA formalized some of these emphases 
and added others, including international recognition of United 
States–trained DOs, an AOA Center for International Affairs, and 
a new World Osteopathic Medical Association (61).

One of the dedicatees of this volume, George W. Northup, 
wrote in 1988:

Today, the practice of medicine needs as never before the guid-
ing light of a fundamental philosophy. It needs to recognize the 
action and interaction of all body systems. It should apply known 
truths and explore new frontiers founded on the osteopathic pro-
fession’s basic philosophy…. Dr Still did not say he was giving 
the world a philosophy that should act as a guide to the future. 
Rather, in his book, The Philosophy of Osteopathy, he stated his 
desire was “… to give the world a start in a philosophy that may 
be a guide to the future” (62).

The purpose of medical history has long been a subject for dis-
cussion. At its best and fullest, it can be said to “provide a wonderful 
schooling in prudence” (63). The caution follows that the histori-
cal record must be “considered in terms of its own circumstances 
and standards. This demands insight into the viewpoints, thoughts, 

Throughout its history, osteopathic clinical education has taken 
place in primary care settings: community hospitals and clinics. 
The profession has supported very few academic medical centers. 
By the 1990s, this disadvantage became an advantage because 
of the profession’s success in producing primary care physicians, 
including many willing to work in underserved communities.

Many factors have been cited as infl uential in the choice of 
practice type and venue, but the chief ones seem to be undergradu-
ate experiences and role models (55). Students trained in academic 
medical centers tend to have only subspecialists as role models and 
their clinical contacts tend to be cases typically referred to tertiary 
medical centers. Meanwhile, osteopathic students have continued 
to have regular contact with community clinics and hospitals and 
have many faculty role models who are primary care physicians.

For instance, rural clinics, long a mainstay of clinical education 
for the Kirksville college and later for other osteopathic schools, 
have become a model for primary care education (56). In the last 
decade of the 20th century, the osteopathic profession found itself 
in the enviable role of adviser on how to replicate its educational 
processes in other places.

As with medicine in general, hospitals had their share of devel-
opmental problems in the 19th century. Inadequate facilities and 
staff, infection, disagreement over who should get patient fees, 
social stigma, and hospital ownership all entered the picture. By 
about 1900, however, with the growth of an educated nursing pro-
fession and a new sense of sanitation, hospitals began to be—at the 
very least—safe. Many small institutions were privately owned by 
surgeons who furnished hotel services and nursing for their own 
patients. New general hospitals began to appeal to patients other 
than the poor, and patient fees began to help with hospital devel-
opment (35).

There were osteopathic hospitals early in the 20th century; at 
the time of Flexner’s inspection, Kirksville had the largest, with 
54 beds. Chicago had 20 beds; the Pacifi c College, 15; Boston, 
10; and Philadelphia, 3. No others were listed in that report (36). 
Eventually, the numbers and size of osteopathic hospitals grew, but 
few reached the size and diversity of specialties that characterized 
the academic medical centers associated with university medical 
schools. However, the osteopathic profession did set hospital stan-
dards, fi rst for the training of interns and residents and then for 
accreditation of the institutions themselves.

The growth of osteopathic hospitals was especially marked in 
the period during and after World War II when MD-run hospi-
tals did not permit DOs to join their medical staffs. When U.S. 
government programs were approved to help with construction of 
hospitals, osteopathic institutions participated along with MD-run 
institutions. Many community teaching hospitals were constructed 
during those years.

In 1954, a landmark court decision in Audrain County, Mis-
souri, made it illegal for public hospitals to deny staff membership 
and admitting privileges to qualifi ed DOs. This initiated a series of 
changes in areas outside California, where DOs had been in charge 
of a segregated building at the Los Angeles County Hospital since 
1928 (43). By the 1960s, most public hospitals were open to DOs; 
by the 1980s, most private hospitals were open as well.

By the 1990s, with medical residencies open to both MDs and 
DOs, the need for a network of osteopathic hospitals for training 
purposes was much reduced. Mechanisms were adopted to recog-
nize training that took place in allopathic institutions as acceptable 
for osteopathic board certifi cation. This is now possible either by 
affi liation of the MD institution with an accredited osteopathic col-
lege or by direct AOA accreditation of the training institution (51). 
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K E Y  C O N C E P T S
■ Characteristics of preparation for osteopathic medical school include personality development, experience in 

health care and service, knowledge of osteopathic philosophy and history, presence of a good support system, 
and a college degree.

■ The osteopathic medical school application and selection process views the applicant as a whole person and 
considers personal and professional attributes in addition to grades and test scores.

■ The Colleges of Osteopathic Medicine are accredited by the Commission on Osteopathic College Accreditation 
of the American Osteopathic Association.

■ Osteopathic medical school curriculum entails preclinical basic science education and clinical skill development, 
including training in osteopathic palpatory diagnosis and manual treatment.

■ Osteopathic clinical training includes experiential learning in accredited hospitals and clinics associated with 
the colleges.

■ Osteopathic education engenders lifelong learning and professional commitment.

Osteopathic Education and Regulation
BRUCE P. BATES

Preparation to appreciate and utilize the knowledge, attitude, and 
skills to be an osteopathic physician begins well before entry into 
an osteopathic medical school. An appreciation for the philosophi-
cal basis and key tenets of the profession noted in Chapter 1 is 
an obvious base. An understanding of the major historical events 
recounted previously allows one to appreciate the challenges 
that the profession has overcome to achieve its current profes-
sional standing. These underpinnings set the stage for the growth 
and development of individuals desirous of becoming osteopathic 
physicians.

ASPIRATIONS AND PREPARATION

Traditionally, men have sought careers in medicine, including 
osteopathic medicine, at rates greater than women. Since the 
1990s, there has been a signifi cant narrowing of that gap from less 
than 30% in the 1980s to 50/50 by 2004 (1) (Fig. 3.1). The aspira-
tions for entering a career in medicine include sociodemographic 
factors (family income, parental careers, and parental education) 
and personality-career fi t characteristics (2). Family role models 
and expectations have long been known to infl uence career choice 
in numerous professions. This is true of medicine as well. For 
example, having a parent of the same gender who was a doctor 
is as predictive of having medical career aspirations as is years of 
preparation in the biological sciences, math, and foreign languages 
(2). This is especially true for women. Men, unlike women, also 
need a social or altruistic personality in order to aspire to a medical 
career (2). Based on the Holland Personality—Occupation Typol-
ogy, those aspiring to be physicians are best described by three per-
sonality types—investigative, artistic, and social. The investigative 
personality tends to be analytical, curious, methodological, and 
precise. The artistic individual tends to be expressive, nonconform-
ing, original, and introspective; and the social individual enjoys 
working with and helping others.

Thus, it is not surprising that the characteristics expected 
of students seeking to enter the osteopathic profession mirror 

3

Figure 3-1 As per tradition at the COM of the Pacifi c at West-
ern University of Health Sciences graduation ceremonies, gradu-
ate Lynsey Drew, D.O. receives her doctor’s hood from her family 
supporters, her husband and daughter, as Board of Trustees Vice-
Chairman Richard A. Bond, D.O., DrPH, FAAFP, looks on from afar. 
Photo courtesy of Western University of Health Sciences.
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experiences in the health professions, and knowledge of and 
experience with osteopathic medicine are important features con-
sidered in the secondary application process. Personal statements 
and interviews may be vital considerations. The personal and 
professional fi t for the applicant and the school are crucial to the 
attainment of mutual success.

Successful candidates demonstrate achievement in the required 
prerequisite course work including growth in meeting challenges 
of increasing academic rigor. The profession of osteopathic medi-
cine focuses on the whole person and the prospective student must 
demonstrate the ability to relate to individuals and to society as 
well as being intellectually sound. Evidence of character traits such 
as honesty, reliability, and commitment is sought. Leadership in 
service-beyond-self is desired. Likewise, experience and knowledge 
with the health care system and osteopathic medicine in particular, 
within the context of the sociopolitical aspect of medical practice, 
complements a candidate’s successful application (Table 3.1).

CURRICULUM

The American Osteopathic Association (AOA) Commission on 
Osteopathic College Accreditation (COCA) is the accrediting 
agency of predoctoral osteopathic education. It is recognized by 
the United States Department of Education. Accreditation means 
that a college or a school of osteopathic medicine has appropriately 
identifi ed its mission, has secured the necessary resources to accom-
plish that mission, currently shows evidence of accomplishing that 
mission, and may be expected to continue to do so. Accreditation 
requires each school or college to undergo continuing self-study 
and periodic peer evaluation to ensure its continued performance 
within the standards established by the COCA. The president of 
the AOA appoints the members of the commission, but the COCA 
is otherwise self-determining as to the standards it defi nes and 
the assessment of achievement necessary to award accreditation 
status to an individual school. Once a school is accredited, 
ongoing reassessments are required to maintain accreditation sta-
tus. Accreditation is a necessary step for a school’s graduates to 
be eligible for residency training and licensure. COCA currently 
accredits 26 colleges of osteopathic medicine offering instruction 
at 32 locations in 23 states (Table 3.2).

AOA-accredited schools have met or exceeded standards 
determined by COCA in seven areas:

1. Organization Administration and Finance
2. Faculty and instruction
3. Curriculum
4. Student Services
5. Performance and evaluation
6. Research and Scholarly Activity; and
7. Facilities

Each of these areas has specifi c guidelines determined by COCA 
that are available online through the AOA predoctoral accredita-
tion website (http://www.osteopathic.org/index.cfm?PageID=acc_
predoc). The evaluation of com pliance with these guidelines is 
determined through self-study reports and on-site reviews by 
members of the COCA registry of evaluators.

The standards for accreditation require each College of Osteo-
pathic Medicine (COM) to have a clearly defi ned mission state-
ment including goals and objectives appropriate to osteopathic 
medical education that address teaching, research, service, includ-
ing osteopathic clinical service, and student achievement (5). The 
COM may implement its curriculum utilizing different curriculum 
models. The particular curriculum is the prerogative of the indi-
vidual schools within the COCA guidelines. Two frequently used 

these same elements. While particular details may vary between 
individual schools, all expect a strong grounding in the sciences 
such as Biology/Zoology, Chemistry, Physics, and English. Firm 
academic preparation is necessary to aspire to being an osteo-
pathic physician. The 2006 application cycle saw MCAT scores for 
applicants averaging 8.02 verbal, 7.72 physical, and 8.30 biology 
with an average GPA of 3.38. Those actually selected for matricu-
lation in 2007 scored slightly higher: MCAT averaging 8.52 verbal, 
8.18 physical, 8.82 biology, with mean GPA of 3.45 (3).

While grades provide a convenient comparison score, and 
applicants must meet the minimums of preparatory education 
noted above, osteopathic schools also look for additional factors. 
Applicants should demonstrate additional challenging academic 
preparation, experience with the health care system, direct knowl-
edge of the profession, awareness of the sociopolitical aspects of 
medical practice in general and the osteopathic medical profes-
sion specifi cally, and evidence of leadership in service. Osteopathic 
medical schools have a long tradition of accepting nontraditional 
students. These students bring a richness of experience and per-
spective to their class, classmates, and career choices. These stu-
dents comprise approximately 25% of the osteopathic student body 
across the country (3).

Osteopathic physicians differ from allopathic physicians in 
their philosophical approach to patients. Beyond the use of manip-
ulative treatments, patient-centered care has been the hallmark 
of osteopathic medicine since its inception. Such an approach is 
gaining popularity across the health professions. A recent study by 
the Maine Medical Assessment Foundation and the University of 
North Carolina noted that osteopathic physicians were easily dis-
tinguished from allopathic physicians by their verbal interactions 
with patients. Osteopathic physicians were more personal, likely 
to use the patient’s fi rst name, explain etiologic factors, and dis-
cuss social, family, and emotional impact of illnesses (4). Similar 
personality and behavioral characteristics are sought in applicants 
to osteopathic schools and expected throughout the professional 
development of the osteopathic physician.

APPLICATION PROCESS

The application process begins well before the submission of appli-
cation documents to the osteopathic school of choice. The appli-
cant begins with a well-designed course of study, contributions 
of leadership in service to community and others, experiences in 
health care settings, and participation in scholarly activities such as 
research and writing. If the applicant is a second career applicant, 
similar attributes are expected to complement the life experience 
as evidence of the pursuit of continued intellectual and academic 
rigor. All candidates should develop ongoing mentoring relation-
ships with professors and osteopathic physicians to facilitate the 
candidate’s understanding of the career they have chosen to seek 
and to allow the character and individualism of the candidate to 
be defi ned.

Twenty-fi ve out of twenty-six osteopathic medical schools 
utilize the American Association of Colleges of Osteopathic 
Medicine Application Service (AACOMAS). This centralized 
service allows the applicant to fi le a single electronic application. 
AACOMAS then verifi es, standardizes, compiles, and distrib-
utes the electronic application to each of the osteopathic schools 
designated by the applicant. Osteopathic medical schools utilize a 
holistic approach to the applicant and look beyond the GPA and 
MCAT scores submitted. Each school has a secondary applica-
tion process to identify those applicants best suited to the mission 
and goals of the individual school. Letters of recommendation, 
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AACOM

The growth and acceptance of the profession has been impressive. 
As colleges developed, it became clear that a single avenue of advo-
cacy for osteopathic education, development and integration edu-
cational paradigms, and a forum for collegial collaboration would 
benefi t the profession. In 1898, the American Association of Col-
leges of Osteopathic Medicine was founded to lend support and 
assistance to the nation’s osteopathic medical schools. This associa-
tion serves as the unifying voice of the colleges through proactive 
advocacy. It fosters collaboration and innovation among its mem-
ber colleges particularly with its membership councils that bring 
interest groups together on issues of professional education. It pro-
vides a centralized service for data collection and analysis includ-
ing the online application service. The AACOM develops national 
initiatives to promote and raise awareness of osteopathic medical 
education.

Led by the Board of Deans that includes the dean of each 
Osteopathic school, the AACOM includes 11 councils to encour-
age interest groups ranging from information technology and library 
services to fi nancial offi cers, student affairs personnel, development 
offi cers, researchers, and more. These include the following:
■ Council of Development and Alumni Relations Professionals
■ Council of Fiscal Offi cers
■ Council for Information and Technology
■ Council of Medical Admissions Offi cers
■ Council of Osteopathic Librarians
■ Council of Osteopathic Medical Student Services Offi cers
■ Council of Osteopathic Student Government Presidents
■ Council of Researchers
■ Council of Student Financial Aid Administrators

models are the discipline-based and system-based models. The 
former is organized around specifi c academic and practice special-
ties such as internal medicine, obstetrics, and family medicine and 
the basic science disciplines, such as physiology and anatomy. The 
latter is organized around body systems such as the cardiovascular 
or reproductive systems and attempts to integrate the disciplines 
through the study of those body systems. Newer models include 
case-based, evidence-based, problem-based and independent study 
models. Each school may choose a variety of methods to achieve its 
specifi c mission and goals. Thus, schools may vary in the amount 
of emphasis placed on such teaching methods as small group exer-
cises, problem-based learning, didactic lecturing or on particular 
elements of the curriculum such as research, rural medicine, or pri-
mary care, depending on the mission of the particular school (6).

Since each school may employ different methods in its curricu-
lum, it is imperative that the student have a good understanding of 
his or her learning style and seek an environment that is conducive 
to that learning style. Independent and experiential learners may 
thrive in a problem-based environment, whereas traditional learn-
ers may do better in a discipline-based curriculum. In any event, 
the medical student will evolve a learning style that is increas-
ingly driven by adult learning theory. One of the most diffi cult 
transitions that most medical students encounter is away from the 
teacher-driven academic learning and evaluation environment. In 
that environment, the instructor likely determines the student’s 
more concrete assignments, readings, and testing parameters. 
As students progress through medical education, there is transi-
tion to adult learning methods in which the learner must assume 
increasing responsibilities for learning. This is often based on a 
case-oriented need-to-know basis but requires a discipline on the 
part of the learner to secure the best evidence for the query.

T A B L E  3 . 1

Characteristics of Applicants to Osteopathic Medical School

Requirements Personal Qualities Achievements

• At least 3 y of college 
education in biology, 
chemistry, physics, English

• Honest, reliable, 
responsible

• Demonstrated success in 
challenging academic 
college courses

• Medical College 
Admissions Test

• Family 
support and 
encouragement

• Most have at least a 
bachelor’s degree

• Personal statement • Investigative, 
social and artistic 
personality

• Experience with health 
care system

• Letters of recommendation, 
including at least one from 
an osteopathic physician

• Second career 
(25%)

• Direct knowledge of the 
osteopathic profession 
(e.g., shadowing a D.O.)

• Secondary college 
application

• Awareness of the 
sociopolitical aspects 
of osteopathic medical 
practice

• Interviews • Evidence of leadership 
and community service

• Research experience
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T A B L E  3 . 2

Osteopathic Medical Schools Accredited by the AOA COCA as of December 2009

Year 
Established Name and Location City, State Type

1892 A.T. Still University of Health Sciences/Kirksville College of Osteopathic 
Medicine (ATSU/KCOM);

Kirksville, MO Private

A.T. Still University, School of Osteopathic Medicine in Arizona 
(ATSU-SOMA)a, founded in 2008

Mesa, AZ

1898 Des Moines University-College of Osteopathic Medicine (DMU-COM) Des Moines, IA Private
1899 Philadelphia College of Osteopathic Medicine (PCOM) Philadelphia, PA; Private

Philadelphia College of Osteopathic Medicine (Georgia-PCOM), 
founded in 2004

Suwanee, GA

1900 Midwestern University/Chicago College of Osteopathic Medicine of 
(MWU/CCOM)

Downers 
Grove, IL

Private

Midwestern University/Arizona College of Osteopathic Medicine of 
(MWU/AzCOM), founded in 1995

Glendale, AZ

1916 Kansas City University of Medicine and Biosciences—College of 
Osteopathic Medicine (KCUMB-COM)

Kansas City, MO Private

1966 University of North Texas Health Science Center at Fort Worth, Texas 
College of Osteopathic Medicine (UNTHSC)

Ft. Worth, TX Public

1969 Michigan State University College of Osteopathic Medicine (MSUCOM) East Lansing, MI Public
1970 Oklahoma State University Center for Health Sciences College of 

Osteopathic Medicine (OSU-COM)
Tulsa, OK Public

1974 West Virginia School of Osteopathic Medicine (WVSOM) Lewisburg, WV Public
1975 Ohio University College of Osteopathic Medicine (OU-COM) Athens, OH Public
1976 University of New England, College of Osteopathic Medicine (UNE/COM) Biddeford, ME Private
1976 University of Medicine and Dentistry of New Jersey, School of 

Osteopathic Medicine (UMDNJ-SOM)
Stratford, NJ Public

1977 Western University of Health Sciences, College of Osteopathic Medicine 
of the Pacific (COMP)

Pomona, CA Private

1977 New York College of Osteopathic Medicine (NYCOM), of the New York 
Institute of Technology

Old Westbury, 
Long Island, NY

Private

1979 Nova Southeastern University College of Osteopathic Medicine 
(NSU-COM)

Fort Lauderdale, 
FL

Private

1992 Lake Erie College of Osteopathic Medicine (LECOM) Erie, PA Private
Lake Erie College of Osteopathic Medicine–Bradenton 
(LECOM–Bradenton), founded in 2003

Bradenton, FL

1996 Touro University College of Osteopathic Medicine (TUCOM) Mare Island, 
Vallejo, CA;

Private

Touro University College of Osteopathic Medicine–Nevada (TUCOM–NV), 
founded in 2003

Las Vegas, NV

1997 Pikeville College School of Osteopathic Medicine (PCSOM) Pikeville, KY Private
2000 Edward Via Virginia College of Osteopathic Medicine (VCOM) Blacksburg, VA Private
2006 Lincoln Memorial University DeBusk College of Osteopathic Medicine 

(LMU-DCOM)a
Harrogate, TN Private

2007 Rocky Vista University College of Osteopathic Medicine (RVUCOM)a Parker, CO Private
2007 Pacific Northwest University of Health Sciences College of Osteopathic 

Medicine (PNWU-COM)a
Yakima, WA Private

2008 Touro College of Osteopathic Medicine (TouroCOM)a New York, NY Private
2009 William Carey University College of Osteopathic Medicine (WCU-COM)a Hattiesburg, MS Private

a Provisional Accreditation until the college graduates its first class.
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from various sources. Some of this is tainted by commercialism or 
self-promotion. Some is critical information that makes a signifi -
cant contribution to the outcomes of care. Much of what appears 
in print or in online resources is irrelevant, inaccurate, or medio-
cre. The ability to successfully differentiate these to improve the 
delivery of patient-oriented care demands that the practitioners 
of osteopathic medicine attain a level of competency in this 
critical area.

PRECLINICAL CURRICULUM

Classically, osteopathic medical schools have viewed the cur-
riculum in two parts—each dependent on the other. The fi rst 
portion of the curriculum encompasses the acquisition of basic 
knowledge and skills in the sciences and the fundamental devel-
opment of attitudes and skills in clinical practice. This is typi-
cally 2 years in length. While the emphasis is on securing a base 
of knowledge, most schools also work to expose students to fun-
damental patient care skills in physical examination and medical 
documentation during this phase of education. The AOA COCA 
requires the various colleges to stipulate the course of instruction 
designed to address the educational objectives, the resources and 
the faculty available for offering this instruction and for assess-
ing the students’ achievement of these objectives. This includes 
the integration of osteopathic philosophy, principles, and prac-
tices throughout the entire curriculum. Many osteopathic schools 
also include introductory exposure to patients in this fi rst 2 years 
through observerships and limited practicums. This allows the 
emphasis to remain on acquiring the skills necessary for a focus on 
the person/the patient in addition to the acquisition of basic skills 
and knowledge.

CLINICAL CURRICULUM

Traditionally, the clinical curriculum of medical schools has included 
experiential learning in hospitals and clinics associated with the 
medical school. This has occurred largely during the last 2 years of 
the osteopathic medical school curriculum. Because of its empha-
sis in primary care and community-based care, the osteopathic 
profession has always utilized a number of community-based and 
affi liated sites to secure the best educational opportunities for its 
graduates. This diversity of training sites has served the profession 
to ensure exposure to a number of venues of care, from tertiary-care 
hospitals to rural clinics and private practices. While many allo-
pathic schools have found the maintenance of a central academic 
medical center diffi cult, the osteopathic profession has reached out 
to community-based training as consistent with the mission and 
goals of most osteopathic medical schools. Many studies, includ-
ing the GPEP (General Professional Education of the Physician) 
report and the Pew Foundation have noted that training in tertiary-
care centers alone leads to a large percentage of students choosing 
to be tertiary-care doctors as they are exposed to those role models. 
Mentoring and role models in primary care can best be served in 
nontertiary care models including community hospitals and private 
practices. The AOA COCA standards recognize this and note that 
such training must be a cooperative venture between the training 
locales and the college. The college must defi ne the educational 
objectives and appoint the faculty of the affi liated distant sites. 
Most important, the college must establish clinical core competen-
cies to be acquired and a methodology to ensure they are being met 
in preparation for the graduates’ entry into postdoctoral (residency) 
programs. This can be assessed through a variety of tools including 

■ Educational Council on Osteopathic Principles (ECOP); and
■ Marketing and Communication Advisory Council

Aided by the Board of Deans of AACOM, the Society of Osteo-
pathic Medical Educators and its member councils, the AACOM 
promotes educational development, research initiatives, and mem-
bership services for students, educators and colleges, and profes-
sional advocacy for all the colleges of osteopathic medicine. (see 
AACOM web page at www.aacom.org)

ECOP, which was established in 1969 under the leadership of 
Ira Rumney, D.O., and Norm Larson, D.O., serves as the coopera-
tive voice for the teaching of osteopathic principles and practices 
for the member colleges of AACOM. ECOP consists of the chairs, 
or designees, from the departments at the osteopathic colleges that 
oversee the teaching of the structural diagnosis and osteopathic 
manipulative treatment (OMT) portion of the curriculum. It 
develops and promotes the improvement of curricula in these areas 
as well as best practices across the continuum of education. As an 
initial publication of its work, the ECOP developed a Glossary of 
Osteopathic Terminology in 1981 which it updates and regularly 
publishes, and which is used worldwide. In 1987, the Council of 
Deans approved the ECOP consensus document: Core Curricu-
lum in Osteopathic Principles Education for the AACOM col-
leges. ECOP was a critical impetus for the establishment of the 
Foundations for Osteopathic Medicine textbook, and its members 
perform vital roles as authors, editors, and peer reviewers for each 
edition.

SCHOLARSHIP AND RESEARCH

Osteopathic medical schools have always fostered research among 
the faculty of the schools and to a lesser extent the students and 
residents engaged in the programs of the colleges. However, the 
emphasis has always focused on patient care; research has not 
been as much of the focus as it is with allopathic schools. Schol-
arship and research are necessary for the advancement of the 
credibility and visibility of the profession. The profession also has 
an obligation to contribute to the fund of knowledge and appli-
cation of research to the milieu of medical care. Therefore, the 
standards for colleges of osteopathic medicine, and osteopathic 
postgraduate training have increasingly emphasized research and 
scholarship skills as desired traits in applicants, students, faculty, 
and residents. Many schools seek students with research back-
grounds, and a few offer value-added PhD and Masters level 
programs to complement the offerings available to students and 
practitioners of osteopathic medicine. Nowhere is this more 
important than in the fundamental research accorded to OMT. 
A fi rm evidence-based research track in this important modal-
ity and translational research into its effective implementation 
remains as a core challenge to the profession. Furthermore, it 
appears that competitive specialty and subspecialty training pro-
grams increasingly value residents with a fi rm understanding of 
research and a record of scholarly achievement. Even students 
without aspirations in a research career are well served by a basic 
understanding of research design and interpretation. The rapid 
advancements in the practice of medicine require the practitio-
ner of the future to be able to critically appraise the voluminous 
literature to determine its validity and application to the patients 
who come under the care of an osteopathic physician. Evidence-
based medicine—the practice of medicine according to the best 
available information—is a standard of practice expected by hos-
pitals, insurance carriers, and patients. In the meantime, practic-
ing physicians are confronted with a large amount of information 
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COMLEX-USA level 2 CE, knowledge acquisition and decision 
making is emphasized.

The USA COMLEX-USA offers a third exam at the end of 
the fi rst year of postgraduate training (COMLEX-USA level 3 
CE) that is the fi nal step in meeting state examination require-
ments for licensure. This examination places an emphasis on case 
analysis, diagnostic choices, and patient management (Table 3.3).

The allopathic profession offers similar examinations entitled 
the United States Medical Licensing Exam (USMLE). This exam 
is divided into three sections like the COMLEX- USA. These may 
not be substituted for the COMLEX-USA requirements. Some 
students choose to also take the USMLE equivalent examinations 
believing that this may be advantageous to them in the pursuit of 
residency. Comparisons between allopathic and osteopathic educa-
tion requirements are listed in Table 3.4.

POSTDOCTORAL

For many years, the osteopathic and allopathic professions had no 
requirement for additional training beyond the years of medical 
school. Only a few graduates apprenticed with experienced doctors. 
In the early 1950s, a formal program of additional training became 
commonplace as a 1-year internship through the general wards of 
care in a hospital. The young graduate was in place (interned) in 
the hospital for a year of intensive tutelage at the hands of a group 
of experienced physicians. Gradually becoming more formalized 
postgraduate training expanded to longer periods of time in areas 
of specialization. This often required the aspiring specialist to live 
at the hospital (thus the term resident) and to be available for ser-
vice and learning at all times. Living quarters and perhaps a small 
stipend was provided if the resident was fortunate. As medicine 
grew even more complex, both the AMA and the AOA developed 
criteria and standards to govern the content and duration of these 
residencies. For the AMA, the oversight body for these residencies 
became the Accreditation Council for Graduate Medical Educa-
tion (ACGME) and its Residency Review Committees. For the 
AOA, it became the Council on Postdoctoral Training (COPT) 
and its Program and Trainee Review Committee (PTRC) and 
the Committee on Osteopathic Postdoctoral Training Institutions 
Committee.

standardized patients, skills’ testing clerkship exams, and clerkship 
training evaluation. The clinical experience curriculum is referred 
to as the clerkships curriculum. It is often divided into the core 
clerkship and the elective clerkship curriculum at the discretion 
of the college. The core clerkship includes the basic requirements 
designed and administered by the COM in such disciplines as fam-
ily medicine, obstetrics, pediatrics, internal medicine, and surgery. 
This phase is usually offered during the third year. Students are 
frequently given latitude to select specialties and training locales on 
an elective basis with the permission of the COM in their fourth 
year. This allows the student an opportunity to pursue additional 
training in an area of interest, to supplement previous experiences, 
and to explore postgraduate opportunities for residency training.

COMLEX—USA

All osteopathic students must pass three of the four parts of the 
National Board of Osteopathic Medical Examiners, Inc. (NBOME) 
Comprehensive Osteopathic Medical Licensing Examination 
(COMLEX-USA) to graduate from an accredited osteopathic 
school. COMLEX-USA Level 1 concentrates on the assessment 
of basic science and clinical science knowledge through a variety of 
computer-accessed case-based questions. This is typically adminis-
tered online at the end of the preclinical portion of the curriculum at 
the end of year two of the traditional curriculum. COMLEX-USA 
Level 2 CE (cognitive evaluation) similarly assesses case-based 
knowledge in clinical presentations and is typically administered 
online at the conclusion of the core clinical curriculum, usually 
at the end of the core clerkships of year three of the traditional 
curriculum. In addition, students must pass the COMLEX-USA 
PE (Performance Evaluation) wherein standardized patients are 
used to assess the student skills and competencies in two domains. 
The fi rst domain is the humanistic domain concentrating on 
the physician-patient interaction emphasizing interpersonal and 
communication skills. The second is the biophysical domain 
concentrating on the skill of the patient interview, the physical 
examination, the selection and performance of OMT, and the 
writing of medical notes documenting the patient care encounter. 
In the COMLEX-USA level 2 PE process, communication and 
performance is emphasized, while in COMLEX-USA level 1 and 

T A B L E  3 . 3

Content Emphasis for each COMLEX Licensing Examinationa and Year Taken During 
Osteopathic Medical Education

Content Emphasis
Level 1 
Second Year

Level 2-CE 
Third Year

Level 2-PE 
Fourth Year

Level 3 
PGY-1

Basic and Clinical Science Knowledge x
Case-Based Knowledge and Decision Making x
Communication and Osteopathic Skill Performance x
Case Analysis, Diagnostic Choices, and Patient Management x

a Aspects of each component exist as a part of each exam. For further information, see the NBOME web site at http://www.nbome.org/docs/
comlexBOI.pdf, accessed Dec.18, 2009.

CE, cognitive evaluation; PE, performance evaluation; PGY, postgraduate year
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COPT AND OPTI

Postdoctoral education is the prerogative of the individual spe-
cialties. Each osteopathic specialty has a board that defi nes the 
requirements of training for that specialty. These must be within 
the guidelines and oversight of the basic standards of the COPT. 
These basic standards are enforced through program inspections, 
self-study, and reviews by the PTRC. Every osteopathic residency 
must be a member of an osteopathic postgraduate training con-
sortium known as an OPTI (Osteopathic Postgraduate Train-
ing Institution). These OPTIs provide a source of expertise and 
cooperative education by incorporating member hospitals, COMs, 
and residencies into a collective entity to design, implement, and 
assess the delivery of quality osteopathic postdoctoral education 
and experiences to member programs and its residents. Coopera-
tive activities require the incorporation of osteopathic principles, 
OMT, faculty development, didactic education, program assess-
ment, peer review, and resident support services between programs 
and with COMs. The AOA promotes attainment of six basic core 
competencies in all its residencies, including application of osteo-
pathic philosophy and principles in practice and appropriate utili-
zation of OMT (Table 3.5).

Graduates of osteopathic schools may choose to seek postgrad-
uate training in a number of venues and disciplines. Graduates are 
selected for ACGME programs, military programs and COPT-
approved programs. The COPT will give osteopathic recognition 
to those ACGME programs that meet COPT standards on an 
individual basis. Although there is no offi cial designation recogniz-
ing approval by both the COPT and the ACGME, these are often 
referred to as “dual approved.” Approximately 38% of the 3,462 
members of the 2008 osteopathic medical student graduating class 
chose COPT-approved osteopathic programs with 82% achieving 
their fi rst-choice placement (8). Another 13% of osteopathic grad-
uates were accepted into AOA positions after failing to match in a 
program (post match “scramble”); thus, a total of 51% of the 2008 
graduating class matched in AOA internship or fi rst-year residency 
positions (8). The remainder matched in ACGME or military pro-
grams. Those who do select nonosteopathic programs may request 
approval from the COPT but must meet stringent programmatic 
guidelines to gain approval.

RESIDENCY SEARCH AND SELECTION

The search for a residency necessitates the careful consideration 
of a career track. Osteopathic students are encouraged not to 
track too early to a specialty area. Many students fi nd their ini-
tial expectation for specialty to change often during the medical 
school time. It is not uncommon to become enamored of each 
specialty as one proceeds through the clerkship years. Thus, the 
best option for most students is to seek preparation as a gen-
eralist. The best specialists are fi rst and foremost well-prepared 
generalists. Both core clerkships and elective clerkships allow stu-
dents to explore various fi elds of practice and potential sites for 
later residencies.

Students typically obsess over grades as they prepare to 
seek residency training. While course grades and standardized 

T A B L E  3 . 5

AOA CORE Competencies

1.  Osteopathic Philosophy and Principles (OPP) and 
Osteopathic Manipulative Medicine (OMM)a

2. Medical knowledge and OPP/OMM
3. Patient Care and OPP/OMM
4.  Interpersonal and Communication Skills and 

OPP/OMM
5. Professionalism and OPP/OMM
6. Practice-based Learning and Improvement and 

OPP/OMM
7. Systems Based Practice and OPP/OMM

a The NBOME has integrated the Osteopathic philosophy and 
principles competency into all of the other six core competen-
cies in its national board examinations.

Source: AOA Accreditation Document for Osteopathic Postdoc-
toral Institutions and the Basic Document for Postdoctoral Train-
ing Programs.

T A B L E  3 . 4

Osteopathic versus Allopathic Education

Category Osteopathic Allopathic

Premedical 
Education

University Degree or 
equivalent education

University Degree or 
equivalent education

Medical School 
Duration

4 y 4 y

Degree D.O. M.D.

Residency AOA or ACGME 
Approved (3–5 y)

ACGME Approved (3–5 y)

Licensing Exam COMLEX USMLE

Board Certification AOA and/or ACGME ACGME
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complete a family medicine residency and choose to do a plus 
1 year in osteopathic manipulative medicine. The specifi cs of these 
options vary from specialty to specialty and are the prerogative 
of the specialty. Details are available from the various specialty 
organizations.

BOARDS

Generically, the term “boards” refers to the examinations that 
are taken to demonstrate the acquisition of a basic competency. 
“National boards” refer to the NBOME- or the USMLE-gener-
ated examinations given during osteopathic medical school and 
the fi rst part of postgraduate training. As a physician progresses 
through training and into practice, additional boards may be 
required. At the conclusion of residency or fellowship, a physician 
is termed board eligible. This means that the physician has met the 
requirements of preparatory training and experience to take the 
examination that may include written exams, practical exams, and 
record reviews at the discretion of the specialty. Once the exami-
nation is successfully completed, the physician is now considered 
“boarded” or certifi ed in the discipline. The specialty may impose 
other criteria in addition to the examination. Specialty board certi-
fi cation is usually time limited and the applicant must meet certain 
continuing study and reexamination standards as the specialty may 
specify.

LICENSURE

In the United States, licensure is the prerogative of the licensing 
boards of the state or jurisdiction in which one chooses to prac-
tice. Licensing requirements are stipulated by the state and, at a 
minimum, include requirements for graduation from an accredited 
school, a specifi ed length of postgraduate training and the passage 
of a recognized board exam. States vary on the amount of post-
graduate training required from 1 to 3 years. All states recognize 
the NBOME COMLEX-USA examination. States may impose 
additional requirements such as attestations as to character, crimi-
nal background checks, review of the physicians data bank, and 
letters of reference. These requirements may change over time and 
contact with the various state licensing boards is recommended. 
States may have a single licensing board or have separate osteo-
pathic and allopathic boards. Licensure allows the practitioner to 
practice generally within the state but does not specify the scope 
of practice, nor guarantee acceptance by a hospital or inclusion 
in an insurance carrier’s panel of providers. These privileges are 
discussed later.

Once granted, licensure is for a specifi c period of time and 
must be periodically renewed with evidence of continued educa-
tion and capacity to practice as specifi ed by individual states. 
States have the option to reciprocate licensure with other states 
if the requirements are deemed equivalent. This varies from 
state to state and should not be assumed. Typically, the military 
requires licensure in at least one state in order to practice in a 
military facility. An individual may hold licensure in more than 
one state.

Osteopathic physicians may be eligible for licensure in other 
countries. There are an expanding number of countries accept-
ing the osteopathic physicians trained under the AOA guidelines. 
In some cases, there are not any laws or regulations pertaining to 
osteopathic physicians because no individual has ever applied. The 
AOA or particular jurisdiction should be contacted for specifi c 
requirements.

test scores like the NBOME are important, studies show other 
characteristics are equally, if not more important (9). These 
divide into three categories: performance on service (clerkship), 
personal characteristics, and the COM academic record. Aca-
demic performance is important and students should strive for 
excellence, but residency directors are more likely to select can-
didates they have encountered on service in their hospital during 
clerkship time. If the student has not been on service in that 
hospital, then the same service at a similar hospital known to 
the residency director becomes important. This allows residency 
directors to assess the character, work ethic, professional respon-
sibility, and reliability of the applicant. These characteristics are 
important to residencies due to the necessity of interdependency 
and teamwork. Secondly, directors tend to seek evidence of intel-
lectual curiosity and leadership. This can be demonstrated by the 
service record of the student during medical school and by a 
record of scholarship in research or publication. The “student 
performance letter” a.k.a. “the dean’s letter” and the other let-
ters of recommendation are viewed as less informative to most 
residency directors.

Students interview at a number of residency programs during 
clerkship time and select programs to apply to based upon a num-
ber of personal and professional factors and their feeling as to the 
likelihood of acceptance. Once a student selects the programs, it 
is necessary to complete the ERAS (Electronic Residency Appli-
cation Service) forms online via the internet. This also involves 
submitting various supporting documents, letters of recommen-
dation, and transcripts. There are specifi c deadlines for these and 
students are well advised to work with their individual schools to 
begin this process well in advance. Similar to selecting a COM, 
students should consider the quality of the program as well as per-
sonal quality of life issues in selecting a residency. Physicians are 
likely to practice near their site of fi nal training, where they grew 
up or where their signifi cant other grew up.

Residents are chosen by a computer match process. The mili-
tary programs, osteopathic programs, and allopathic programs all 
use a similar process. Programs list their preferred candidates in 
order. The applicants list their programs in order of preference. 
The computer then selects candidates by matching these prefer-
ences through an algorithm established by the oversight com-
mittees for the respective programs. The military programs are 
the fi rst to match and those candidates are removed from the 
pool. The osteopathic and allopathic matches occur separately. 
Once a student matches with a program, the match is consid-
ered ethically made and both sides are expected to adhere to the 
results. Prematch deals are considered unethical and are frowned 
upon. Once the match is confi rmed, contracts are signed and reg-
istered with the AOA for osteopathic programs. Should a stu-
dent not “match” there is a period following that seeks to connect 
the unmatched student and program. Many excellent programs 
have unmatched positions. This is especially true in primary care. 
Allopathic programs may try to fi ll those unmatched spots with 
foreign graduates.

When a residency is completed, a physician may choose to 
enter a subspecialty. This may be a fellowship or “plus one” pro-
gram depending on the nature of the program and the oversight 
organization or board. It may not be necessary to complete the 
entire residency to qualify for a fellowship, but a substantial part 
must be completed. Thus, an osteopathic physician may complete 
a portion of general surgery residency and apply for a fellowship 
in urologic surgery or complete an internal medicine residency 
and apply for a cardiology fellowship. Likewise, a resident might 
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The AOA Council on Continuing Medical Education recog-
nizes continuing education in four categories:

1. Category 1A includes formal osteopathically sponsored and 
delivered educational programs and osteopathic medical school 
teaching

2. Category 1B includes osteopathic scholarly production and 
osteopathic student precepting

3. Category 2A includes formal nonosteopathic continuing educa-
tion programs

4. Category 2B includes self-study readings and presentation at 
society meetings

The members of the AOA are expected to accomplish 120 hours of 
CME in each 3-year cycle of which at least 30 hours are expected 
in category 1A. Physicians who are certifi ed are expected to main-
tain 150 total hours including 50 hours of Category 1A credit per 
3-year cycle in their primary specialty. Individual states may require 
specifi c content hours such as medical liability hours or HIV hours 
to maintain licensure. Each specialty may impose additional expec-
tations for CME as well (10).

PROFESSIONAL ORGANIZATIONS

Osteopathic physicians enjoy a special place in their communi-
ties. Being a physician is both a privilege and an obligation. It is a 
privilege due to the esteem and trust placed in physicians. It is an 
obligation due to the responsibility to meet standards of care in an 
ethical manner and in the best interest of the patient.

Osteopathic physicians are expected to contribute to the 
advancement, visibility, and credibility of the profession. They 
can do this as community leaders and as participants in various 
professional organizations. This includes, but is not limited to, 
the AOA, the state osteopathic society, and the applicable spe-
cialty organization. Just being a member is not enough. True 
membership includes contributing knowledge, time, energy, and 
fi nancial resources to promote osteopathic education, political 

CREDENTIALS AND PRIVILEGING

The sum total of a physician’s educational history, degrees, awards, 
residency completion, licensure, and boards constitutes the creden-
tials of a physician. These credentials provide documentation of 
the achievements of the physician. In many ways, they serve as 
surrogate evidence of competency or the ability to practice. Various 
organizations use these credentials along with other information to 
determine acceptance of the individual physician into the organi-
zation and to determine the extent or scope of activities the physi-
cian will be allowed within the organization. This right to practice 
a certain scope of activities is termed privileging—the physician is 
given the privilege of practicing the activity.

Privileging is the prerogative of a specifi c organization. Differ-
ent hospitals and insurance carriers may grant different privileges 
to the same physician based on their own needs and assessment of 
the credentials. For example, a physician may have the privilege of 
doing endoscopies at one hospital in town but not another. Phy-
sicians, and particularly residents, should maintain a log of their 
activities to demonstrate familiarity and currency with diagnostic 
entities and medical procedures. This will serve to bolster their cre-
dentials for privileges when requesting the right to do procedures 
or attend to patients with certain types of illnesses.

CONTINUING MEDICAL EDUCATION

Continuing medical education (CME) allows a physician to 
update and refresh an information base that is increasingly chal-
lenged with advancing knowledge, techniques, and skills. The 
ability to interpret and utilize new information is a critical skill 
for physicians. Licensing boards, specialty societies, and privileg-
ing organizations expect physicians to keep current. As such they 
specify the amount and type of continuing education expected. 
This may vary from state to state and organization to organiza-
tion. The nature, content, and amount required are the prerogative 
of the individual state or member organization. Members of the 
AOA are afforded a tracking service to maintain a record of CME 
attendance.

T A B L E  3 . 6

The Osteopathic Oath
I do hereby affirm my loyalty to the profession I am about to enter. I will be mindful always of my great 
responsibility to preserve the health and the life of my patients, to retain their confidence and respect both as a 
physician and a friend who will guard their secrets with scrupulous honor and fidelity, to perform faithfully my 
professional duties, to employ only those recognized methods of treatment consistent with good judgment 
and with my skill and ability, keeping in mind always nature’s laws and the body’s inherent capacity 
for recovery.

I will be ever vigilant in aiding in the general welfare of the community, sustaining its laws and institutions, not 
engaging in those practices which will in any way bring shame or discredit upon myself or my profession. I will give 
no drugs for deadly purpose to any person though it be asked of me.

I will endeavor to work in accord with my colleagues in a spirit or progressive co-operation, and never by word or 
by act cast imputations upon them or the rightful practices.

I will look with respect and esteem upon all who have taught me my art. To my college I will be loyal and strive 
always for its best interests and for the interests of the students who will come after me. I will be ever alert to 
further the application of basic biologic truths to the healing arts and to develop the principles of osteopathy 
which were first enunciated by Andrew Taylor Still.
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T A B L E  3 . 7

Osteopathic Pledge of Commitment

I pledge to:
Provide compassionate, quality care to my patients;
Partner with them to promote health;
Display integrity and professionalism 
throughout my career;
Advance the philosophy, practice, and science of 
osteopathic medicine;
Continue lifelong learning;
Support my profession with loyalty in action, word, 
and deed; and
Live each day as an example of what an osteopathic 
physician should be.

advocacy, and membership services. This is clear in the osteopathic 
oath (Table 3.6) all graduates recite at graduation and in the 
Osteopathic Pledge (Table 3.7) that practicing physicians recite 
to renew their commitment to the profession in mind, body, 
and spirit.
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International Osteopathic Medicine 
and Osteopathy
JANE E. CARREIRO AND CHRISTIAN FOSSUM (NORWAY)

K E Y  C O N C E P T S
■ Internationally, the practice and training of osteopathic medicine evolved differently influenced by the particular 

political and socioeconomic conditions within different countries.
■ The principles of osteopathy and the practice of osteopathic manipulative techniques are employed by 

limited-license practitioners and fully licensed medical physicians throughout the world.
■ American-trained osteopathic physicians practice osteopathic medicine and use osteopathic manipulative 

treatment as a component of comprehensive patient care.
■ The international osteopathic community has adopted the term “osteopath” to describe osteopathic clinicians 

with limited medical training and practice, and “osteopathic physician” to describe osteopathic clinicians with 
full medical training and practice.

INTRODUCTION

Osteopathic medicine was established in America in the last 
decade of the 19th century. Before the beginning of the 20th cen-
tury, American osteopathic physicians traveled abroad and began 
disseminating and practicing osteopathy worldwide. American-
trained osteopathic physicians have unlimited practice rights 
throughout the United States and in several countries around 
the world. However, not all countries offer full unlimited practice 
rights to osteopathic physicians. In addition, many countries have 
osteopathic colleges for students who do not want to become, or 
cannot become, physicians or surgeons, but are content with having 
a limited osteopathic manual therapy scope of practice. Thus, there 
are many foreign-trained osteopaths who practice abroad as well as 
in the United States; most have licenses to practice some form of 
manual therapy, but many do not have a formal license to practice 
osteopathy or osteopathic medicine.

Although Dr. A. T. Still intended his principles of osteopa-
thy to be an extension of traditional medical training and prac-
tice, he was met with signifi cant resistance from the medical 
establishment in the United States Nevertheless, in a relatively 
short period of time, the principles and practice he discovered had 
spread throughout the world, taking on different faces in different 
countries.

Currently, the principles of osteopathy and the practice of 
osteopathic manipulative techniques are employed by limited-
license osteopaths as well as by fully licensed osteopathic physicians 
throughout the world (World Osteopathic Health Organization, 
2004). In some countries, including the United States of America, 
licensed MDs have studied and use osteopathic philosophy, princi-
ples, and osteopathic manipulative treatment as well. The evolution 
of the training and scope of practice of osteopathic practitioners 
has been infl uenced by the specifi c cultural, economic, and politi-
cal factors in individual countries. These varied infl uences have 
resulted in the emergence of two recognized models of osteopathic 
training and practice: osteopathic physicians and osteopaths.

An osteopathic physician is defi ned as a person with full, 
unlimited medical practice rights who has achieved the nationally 
recognized academic and professional standards within his or her 
country to diagnose and provide treatment based upon the princi-
ples of osteopathic philosophy. An osteopath is defi ned as a person 

with limited practice rights who has achieved the nationally 
recognized academic and professional standards within her or his 
country to independently practice diagnosis and treatment based 
upon the principles of osteopathic philosophy.

Individual countries establish the national academic and pro-
fessional standards for osteopathic practitioners within their coun-
tries (Educational Council on Osteopathic Principles, Personal 
Communication, 2002, 2003; World Osteopathic Health Orga-
nization, 2004). Within the last 5 years, two organizations have 
been formed to help establish standardization within the inter-
national osteopathic community. These organizations, the Inter-
national Osteopathic Alliance (OIA) and the World Osteopathic 
Health Organization (WOHO), are working together to promote 
the training and practice rights of osteopathic physicians and 
osteopaths.

The common denominator existing between the osteopathic 
professions in different countries is the practice of osteopathic phi-
losophy and principles through the utilization of osteopathic manip-
ulation. Although osteopathic physicians and osteopaths share 
a core curriculum and core competencies defi ned by the World 
Health Organization’s Guidelines for the Training and Practice of 
Osteopathy, there are still signifi cant differences in education, clini-
cal competency, and scope of practice between the two recognized 
groups.

In the United States, osteopathic medicine is established and 
legally recognized as the purview of osteopathic physicians. The 
United Kingdom legally recognizes both osteopathic physicians 
and osteopaths but refers to them both as “osteopaths.” Austra-
lia and New Zealand have legislation governing the practice of 
osteopathy by limited-license osteopaths; however, licensed phy-
sicians may practice osteopathic techniques without additional 
qualifi cation.

In addition, there are many other countries in which osteopa-
thy and osteopathic medicine are not recognized as legal, indepen-
dent professions, or they fall under the scope of practice of another 
profession. Depending upon the country, American-trained DOs 
may need to meet licensing requirements of both medical and 
osteopathic bodies. This chapter presents an overview of the 
development of the international osteopathic profession from a 
chronological standpoint.
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Robert C. Ward, D.O.; Allen W. Jacobs, D.O.; Ph.D., and Philip 
E. Greenman, D.O. Arguably, these leaders helped change the rela-
tionship between MDs and DOs practicing any of the disciplines 
related to musculoskeletal medicine. In the early 1990s, NAAMM 
merged with the American Academy of Orthopedic Medicine, the 
organization that was to continue as the North American represen-
tative member of FIMM.

In 1998, The FIMM Congress was held in Australia. Michael 
Kuchera, D.O., then Professor at the Kirksville College of Osteo-
pathic Medicine, was instrumental in accomplishing two major 
things for the American Osteopathic community (P.E. Greenman, 
personal communication, 2008). Following the merger of NAAMM 
and AAOM in the early 1990s, AAOM represented both the 
United States and Canada. At this Congress, Kuchera was able to 
negotiate a new arrangement whereby the AAOM represented the 
United States of America, and the American Academy of Oste-
opathy (AAO) would represent Canada. Therefore, any member 
of the AAO automatically became a member of FIMM. Subse-
quently, this arrangement was used by an American-trained DO to 
argue parity with MDs and gain practice rights in New Zealand. 
In the mid-1990s, the AAOM folded leaving the AAO as FIMM’s 
sole North American member.

Individual physician members can join the International Acad-
emy for Manual/Musculoskeletal Medicine (IAMMM), which was 
established in 2008. IAMMM’s mission is to enhance and develop 
scientifi c approaches that focus on musculoskeletal-related prob-
lems and to encourage collaboration between scientists and teachers, 
based on individual membership, thereby creating a scientifi c plat-
form independent of National Society interest and representation.

CANADA

Shortly after the opening of the American School of Osteopathy, 
Osteopathic Medicine quickly spread to Canada with the appear-
ance of the fi rst Canadian DO in 1899. The Ontario Osteo-
pathic Association was chartered in 1901, the Western Canada 
Osteopathic Association in 1923, and the Canadian Osteopathic 
Association in 1926. In 1925, 200 American-trained DOs were 
in practice in Ontario. At the present time, 21 American-trained 
DOs are registered with the Canadian Osteopathic Association, 
although not all of those are in full time practice.

In Canada, as in the United States, medical licensure is gov-
erned by the State or Province. Each province is free to establish its 
own standards for the registration of physicians, and for recognizing 
the equivalency of foreign-issued diplomas. As a result, Canadian-
trained MDs do not enjoy full reciprocity of practice rights between 
provinces. The same is true for American-trained MDs or DOs.

There are three national medical organizations of importance to 
Osteopathic physicians in Canada: the Medical Council of Canada 
(MCC), the College of Family Physicians of Canada (CFPC), and 
the Royal College of Physicians and Surgeons of Canada (RCPSC).

The MCC is primarily responsible for establishing and main-
taining a certifi cation process that in theory, should allow interpro-
vincial reciprocity of accredited physicians. All Canadian medical 
school graduates complete the two-part MCC qualifying examina-
tion. In this regard, it has a role similar to the USMLE or COM-
LEX process. American-trained DOs have had access to the MCC 
examinations since 1991. MCC certifi cation is a requirement for 
licensure in many, but not all, provinces. Some provinces require 
that all foreign-trained physicians, including American-trained 
MDs, take these examinations.

The CFPC is responsible for accrediting family medicine 
residencies in Canada and for certifying graduates of Canadian 

EARLY OSTEOPATHIC EDUCATION AND 
ITS IMPACT ON GLOBALIZATION

The student body at the ASO in its fi rst decade of existence also had 
international representation from countries such as the Canada, 
the British Isles (United Kingdom, Scotland, and Ireland), Aus-
tralia, New Zealand, and the Indian Territories. Several of these 
international students would later become instrumental in bringing 
osteopathy to countries outside of the United States. They were 
educated in a curriculum entrenched with Still’s founding philos-
ophy and a manipulative-focused practice, and this is what they 
brought with them when establishing the profession in countries 
outside of the United States. They identifi ed with the term “Osteo-
path” and their designated degree was the DO which stood for 
“Diplomate in Osteopathy.” This tradition continues in numerous 
countries with many osteopaths (see previous defi nition) believing 
themselves to be closer to Still’s original idea of a diplomate.

OSTEOPATHIC MEDICINE AND MANUAL 
MEDICINE IN THE INTERNATIONAL 
MEDICAL ARENA

The philosophy of osteopathy was a relatively innovative perspec-
tive on health care when Dr. Still introduced it in the 19th century. 
While the whole-body/mind-body paradigms cast a different light 
on healthcare in the new millennium, the philosophy of osteopa-
thy and the structure-function models which it employs, remain 
uniquely health centered rather than disease centered. So while 
osteopathic philosophy continues to retain its unique position, the 
manipulative techniques used in osteopathic practice fall under the 
larger discipline of manual medicine.

The application of hands-on techniques to the body for the 
treatment of disease and promotion of health is ancient. After 
World War II (WWII), manual medicine in its modern form was 
in common practice in many countries. The Fédération Interna-
tionale de Médecine Manuelle was founded in 1958 as a federation 
of national societies of physicians who practice Manual/Muscu-
loskeletal Medicine (FIMM, Personal Communication, 2008). 
Membership in FIMM was, and is, based on national affi liation, 
with each country having a single national professional organiza-
tion holding membership. North America had a single organization 
NAAMM, the North American Academy of Manual Medicine 
holding membership. Only MDs were allowed membership in 
NAAMM and attendance at their meetings. In 1977, NAAMM 
changed its by-laws to allow DOs into the organization. They also 
wanted access to osteopathic educators.

That year, the annual meeting of the NAAMM was held in 
Williamsburg, VA. Paul Kimberly, D.O., and Philip Greenman, 
D.O., were invited to the meeting as attendees. At the instigation 
of John Mennell, M.D., one of the power leaders of NAAMM, 
Drs. Kimberly and Greenman were invited to a luncheon meeting 
with the Board of Directors of NAAMM to discuss osteopathic 
physicians providing manual medicine courses to the NAAMM 
membership. Mennell felt that the best place to hold such edu-
cational opportunities for the NAAMM members would be at 
Michigan State University, as it was the only university with both 
an MD and a DO medical school and could handle the politi-
cal fallout of such an arrangement (P.E. Greenman, personal com-
munication, 2008). Because NAAMM was the organization that 
was part of FIMM, DO membership in NAAMM automatically 
carried membership in FIMM. Paul Kimberly was the fi rst DO 
to gain membership in NAAMM, and Greenman was the sec-
ond. Subsequently, three DOs served as presidents of NAAMM: 
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family medicine residency programs through an examination 
process. Two American-trained DOs have completed family 
medicine residencies in Canada and achieved CFPC certifi cation 
(CCFP), most recently in 1989. Unfortunately, in 1990, the Col-
lege rescinded the ability of American-trained DOs to take their 
examinations, which effectively made them ineligible to apply for 
residency programs. Recent contact with this organization suggests 
that beginning in 2009, American-trained DOs will again have 
access to these examinations.

The RCPSC has the same role for all other specialists that the 
CFPC has for family physicians. The RCPSC has been intransigent 
in opening their examination process to foreign-trained physicians, 
including American MDs. Several provinces have made Royal Col-
lege certifi cation a requirement for provincial registration for special-
ists. This has led to a signifi cant barrier in the ability of the provinces 
to recruit foreign specialists, and many provinces are now enacting 
regulations to “bypass” the RCPSC certifi cation requirements.

In Canada, the equivalent of the U.S. State Medical Board is 
the provincial College of Physicians and Surgeons (CPS), which is 
responsible for physician registration and discipline. The standards 
for physician registration are established by the provincial minis-
try of health with signifi cant infl uence from the respective provin-
cial CPS. Box 4-1 provides an overview of Canadian provincial 
status.

Not surprisingly, given the needs of a growing and aging popu-
lation, the demands of new technologies, and the changing practice 
profi les of new graduates, there is now a serious shortage of phy-
sicians across the country. This has led to new opportunities for 
progress for the Canadian Osteopathic Association, in partnership 
with the Council on International Osteopathic Medical Education 
and Affairs of the American Osteopathic Association.

Another condition existing in Canada which differs from the 
United States of America is the presence of osteopaths who are not 
trained as physicians. With respect to this, educational and legisla-
tive issues remain regarding practice rights and licensure.

UNITED KINGDOM

A key fi gure in the globalization was John Martin Littlejohn 
(1865–1947). He was educated at Glasgow University, Scotland, 
in divinity, law, oriental languages, and political history (Collins, 
2005). In 1892, Littlejohn decided to immigrate to the United 
States for health-related reasons. He enrolled at Columbia Univer-
sity in New York where he studied political theory, political econ-
omy, and fi nance, resulting in the publication of his Ph.D. thesis 
(Collins, 2005; Littlejohn, 1895). In 1894, he accepted the position 
as President of the Amity College in Iowa Springs, IA, an educa-
tional establishment granting degrees in Arts, Science, Philosophy, 
and Letters. In 1897 while at College Springs, Littlejohn began 
traveling to Kirksville, MO, to receive treatment from Still for his 
throat condition. Impressed with the results, he decided to take 
up the study of osteopathy (Hall, 1952a). While still a student he 
was appointed Professor of Physiology, Psychology, and Dietetics, 
and eventually in 1898 he was appointed as Dean of Faculty of the 
ASO (Booth, 1924; Collins, 2005; Hall, 1952a). Within a year of 
his appointments, he had written and published three textbooks on 
the subject of physiology and inaugurated two osteopathic journals. 
After graduating from the ASO in 1900, Littlejohn left for Chicago 
where he and his brother established the American College of 
Osteopathic Medicine and Surgery, a name chosen because its 
founders believed that osteopathy was a system of medicine and 
should be so recognized (Littlejohn, 1924).This may have been the 
fi rst time the term “osteopathic medicine” was offi cially used.

Overview of Canadian Provincial Status

British Columbia
There are two pathways for DO registration in British 
Columbia. The first recognizes the COMLEX examinations 
and two years of AOA-certified postgraduate training. The 
DO has a limited license and is restricted from performing 
surgery and obstetrics. This pathway is primarily intended for 
the DO that wishes to establish an OMT focused practice. 
The second pathway requires completion of the MCC exami-
nations and at least one year of postgraduate training in that 
province. The DO will then receive an unrestricted license.

Alberta
The DO candidate is required to complete the MCC exami-
nations. AOA-certified residencies are recognized. There has 
been informal interest expressed in considering the COMLEX 
as an alternative to the MCC examinations.

Saskatchewan
A board exists separate from the provincial College for the 
registration of DOs, although it has not been active for many 
years. DOs are registered by the board to practice “osteopa-
thy,” although that is not clearly defined. Interest has been 
expressed by the Ministry of Health in updating regulations.

Manitoba
As of 2002, American-trained DOs are eligible for registration 
in Manitoba.

Ontario
In 1926, the “Drugless Practitioners Act” was proclaimed 
as a “temporary” measure for the registration of American-
trained DOs. As the title suggests, the scope of practice was 
severely limited. Under these conditions, osteopathic prac-
tice in Ontario has dwindled severely, in spite of many years 
of political lobbying on behalf of Ontario DOs and their 
patients. Action in Ontario has been the focus of activity by 
the Canadian and American Osteopathic Associations for 
the past several years and the results are beginning to be seen. 
In theory, American-trained DOs have been recognized as 
eligible for registration in Ontario by the Ontario govern-
ment since the passage of the Medicine Act (Bill 55) in 1991. 
However, those sections that relate to osteopathic physicians 
were not “proclaimed” into law, on the objection of the CPS 
at that time. Nevertheless in the mid-1990s, two American-
trained DOs were granted unlimited licensure by exception. 
In November 2002, the Ministry of Health announced that 
a new “Fast Track Assessment Program” would be initiated 
for the registration of qualifying foreign-trained physicians, 
including American-trained MDs and DOs. As of this writ-
ing, the regulations under which this will operate are still 
unclear.

Quebec
American-trained DOs have been eligible for registration in 
Quebec for approximately 30 years. The candidate also must 
pass a French language proficiency examination and complete 
one year of postgraduate training in the province, although this 
can be at the fellowship level. MCC certification and Royal 
College certification are not necessary. Unfortunately, the title 
protection that exists for MDs does not exist for DOs with the 
result that the title use is not restricted in that province.

(continued )
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and other aspects of physician training were denied. In the early 
1920s, the BSO’s faculty consisted purely of graduates from U.S. 
osteopathic schools under the Deanship of John Martin Little-
john (Hall, 1952b). As graduates were produced from the BSO, 
this situation gradually changed, and by the early 1930s a large 
proportion of the faculty was U.K. trained (Littlejohn, 1931). In 
1946, the London College of Osteopathy was opened to provide 
a postgraduate osteopathic training program to medical doctors. 
This 18-month program provided medical doctors with core train-
ing in osteopathic principles, practices, and techniques. Graduates 
of the London College became members of the British Institute 
of Manual Medicine and with the formation of FIMM in 1958, 
MDs trained at the London College of Osteopathy were granted 
membership. For 20 years, they remained the only osteopathic 
physicians in FIMM (P.E. Greenman, personal communication, 
2008).

In 1936, a voluntary registry was established for the osteopathic 
profession and the designation MRO (Member of the Registry of 
Osteopaths) could be secured by individuals meeting the required 
qualifi cations. The osteopathic profession made several unsuccess-
ful attempts to secure regulation and legislation between the arrival 
of Littlejohn and the arrival of the 1990s. Finally, the Osteopaths 
Act was fi nally passed by the House of Lords in 1993 granting 
Statutory Self-regulation to the profession and control of the titles 
“Osteopath” and “Osteopathic Physician.” The entire profession 
underwent revalidation to ensure that minimal criteria for prac-
tice were met. The General Council and Register of Osteopaths 
were abolished and the General Osteopathic Council (GOsC) was 
established to oversee educational standards, professional develop-
ment, and patient safety issues. The GosC is the regulating body 
for all individuals practicing osteopathy or osteopathic medicine in 
the United Kingdom. Registration with the GosC is now required 
for the legal practice of osteopathy in the United Kingdom; this 
includes medical doctors practicing osteopathic medicine. Addi-
tionally, osteopathic schools in the United Kingdom need to have a 
recognized qualifi cation status from the GosC in order to provide 
their graduates entry to its register. In early 2008, there were almost 
4,000 registered osteopaths in the United Kingdom. American-
trained DOs wishing to practice as full-scope osteopathic phy-
sicians would need to meet licensing criteria for both the GosC 
and the General Medical Council. Those wishing to practice as 
limited-license osteopaths would need to be accepted by the 
GOsC only.

AUSTRALIA

Osteopathy spread to Australia and New Zealand via two mech-
anisms. In the later 1890s and early 1900s, osteopaths who had 
trained in the United States carried their training “down under,” 
creating an osteopathic profession. After the fi rst and second world 
wars, manual medicine was introduced to the established medical 
profession and became a medical discipline under the international 
umbrella of FIMM. This created parallel pathways for the devel-
opment of osteopathy in Australia and New Zealand.

Between 1909 and 1913, several early graduates from the 
American School of Osteopathy returned to Australia to practice 
osteopathy (Hawkins and O’Neill, 1990). The growth of the 
osteopathic profession was slow, and as in the United Kingdom, 
unwelcomed by the medical community. These émigrés founded a 
professional association in the state of Victoria modeled after the 
American Osteopathic Association. Although U.K.-trained osteo-
paths soon arrived in the country, only American-trained DOs were 
allowed membership in the Australian Osteopathic Association 

Osteopathy as a subject was introduced in the United Kingdom 
through a series of talks given by Littlejohn in 1898, 1899, and 
1900 to the Society of Science, Letters, and Arts in London (Hall, 
1952a). William Smith, M.D., D.O., a member of the fi rst gradu-
ating class of the ASO and its fi rst anatomy teacher, returned to 
the British Isles in 1901 to practice osteopathy, and in 1902 he 
was followed by several other early ASO graduates: L. Lillard 
Walker, Franz Joseph Horn, and Jay Dunham. By 1910, there were 
so many U.S.-trained osteopaths in Great Britain that the British 
Osteopathic Society was formed, which in 1911 became the Brit-
ish Osteopathic Association (Beal, 1950; Collins, 2005).

As early as 1903, Littlejohn held talks with Walker and 
Horn about establishing a school of osteopathy in Great Britain. 
These plans did not materialize until Littlejohn returned to the 
United Kingdom for good in 1913. The British School of Oste-
opathy (BSO) was incorporated in London in 1917 as a nonprofi t 
organization to train osteopaths, although neither the degree 
nor the profession was recognized by legislation. Its 4-year cur-
riculum, excluding pharmacology and surgery, was completed in 
1921 (McKone, 2001). Access to hospitals, dissection laboratories, 

New Brunswick:
DOs are eligible for full registration in New Brunswick. There 
is a pathway that extends reciprocity to a DO with Maine 
licensure.

Nova Scotia
As of 2002, full registration for American-trained DOs is 
similar to that extended to American-trained MDs.

Prince Edward Island
At the moment, PEI is the only Canadian province without 
a current or anticipated registration pathway for American-
trained Osteopathic physicians.

Newfoundland
As of 2002, the College has committed itself to seeing that the 
government establishes a registration pathway for American-
trained DOs, although it is anticipated that this may take a 
couple of years.

Territories (Yukon, Northwest, Nunavut)
In most instances, the Territories will grant registration to any 
physician that qualifies for licensure in any other province.

Canadian Armed Services
American-trained DOs are eligible for service with the 
Canadian Armed Services, including scholarship opportuni-
ties, although to date this has never happened.

There are several conditions in Canada that have influ-
enced the ability of American-trained DOs to gain licen-
sure. The first has to do with manpower. In the early 1990s, 
Canada’s health ministers were faced with a situation of spi-
raling health care costs, and a seemingly inexhaustible source 
of physicians. It was felt that one of the primary drivers of 
medical costs was an excess of physician manpower. Measures 
were taken to impede the ability of foreign-trained physicians 
to acquire licensure in most provinces and Canadian medical 
school enrollment was reduced by 15% on average. In this en-
vironment, it was very difficult for the Canadian Osteopathic 
Association to make headway in promoting full-practice rights 
for American-trained DOs in those provinces in which it did 
not already exist.
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regulate the training and practice of osteopathy in N.Z. (The legal 
status of osteopathy and its educational structure in New Zealand 
is similar to that in Australia.)

As in Australia, there was some attempt to advance the Ameri-
can model of osteopathic medicine in N.Z. in the 1980s. Philip 
Greenman, D.O., was invited by Barrie Tait, M.D., Department of 
Rheumatology at the University of Dunedin, New Zealand, to be a 
Visiting Professor for 6 months. The purpose was to assist Dr. Tait 
in the preparation of an 18-month diploma course in Musculosk-
eletal Medicine for the Family Medicine Practitioners in the New 
Zealand system (P.E. Greenman, personal communication, 2008). 
This required that Dr. Greenman obtain a medical qualifi cation 
from N.Z. in order to participate in patient care both in the ambu-
latory and the hospital environment. He was the fi rst American 
DO in the Medical Registry of New Zealand. His qualifi cation 
was based upon his Professorship at Michigan State University and 
having a license to practice medicine and surgery from the state 
of New York. Since that time, other American DOs have gained 
registry in N.Z. With the inception of the Osteopathic Council, 
it is unclear whether American-trained DOs wishing to practice 
full-scope osteopathic medicine need to meet the criteria of both 
the Medical Registry and the Osteopathic Council. Dr. Greenman 
helped develop a 6-month diploma course for physicians, which 
continues to this day. It was also the model adopted by two uni-
versities in Australia (P.E. Greenman, Personal Communication, 
2008).

CONTINENTAL EUROPE

Initially, osteopathy came to continental Europe after WWII 
when practitioners trained in America and England immigrated 
to the continent. Random conferences and courses featuring vis-
iting osteopathic practitioners were held separately for physicians 
and therapists. Beginning in 1957, faculty from various COMs 
and the Sutherland Cranial Teaching Foundation were invited to 
present at conferences and hold courses throughout Europe. The 
courses were often segregated between physiotherapists and physi-
cians. Over time, this became the norm, rather than the excep-
tion, and by the late 1980s, there were many schools of osteopathy 
scattered throughout Western Europe catering to either physio-
therapists or physicians. A rare few of these schools established 
quality assurance for the examination process by relying upon 
teachers from other schools to evaluate their students; however, 
most schools implemented their own curriculums and evalua-
tion processes without objective checks or standardization. As the 
international osteopathic profession began to come together in 
the early 1990s, there was a strong movement within both com-
munities to establish a core curriculum and objective, standardized 
assessment tools.

In most of post-World War II Europe, the practice of manual 
medicine was incorporated into standard medical training and many 
countries had national manual medicine societies. Over the follow-
ing decades, these societies were given the role of standardizing 
curriculum and practice, becoming the credentialing bodies in their 
countries. By the 1990s, manual medicine training tended to be a 
secondary specialty of medical training in Western Europe, rather 
than primary, with family practitioners and orthopedic surgeons 
making up the bulk of the providers. Beginning in the early 1970s, 
physicians practicing in the Netherlands, Sweden, Czechoslovakia, 
and much of Eastern Europe were exposed to the Gaymann-Lewit 
technique. Fritz Gaymann and Karel Lewit developed this manual 
medicine approach that was based upon Fred Mitchell’s muscle 
energy system that Gaymann learned during a prolonged visit 

(AusOA) until the late 1920s. In the early 1930s, a medical doctor 
who had graduated from the BSO emigrated to Australia and was 
allowed entry into the AusOA group. Other BSO graduates used 
this acknowledgement of the BSO training as a successful argu-
ment for inclusion in the association. By the 1940s, several private 
colleges provided osteopathic training, but because of the unreg-
ulated nature of the profession, the quality of these courses was 
variable (Cameron, 1998; Hawkins and O’Neill, 1990). In 1974, 
the Australian Federal Government Health Minister commis-
sioned an inquiry into chiropractic, osteopathy, homeopathy, and 
naturopathy, which resulted in a report published in 1977. This 
report infl uenced the development of osteopathy in Australia, offi -
cially limiting osteopathy’s scope of practice to manipulative ther-
apy and primarily the management of musculoskeletal conditions 
(Cameron, 1998).

During the 1980s, programs in osteopathy as a limited manual 
therapy practice and osteopathic medicine for physicians devel-
oped on parallel pathways. Philip Greenman, D.O., a Professor 
at Michigan State University, was invited to Australia in 1986 to 
present a paper to the annual meeting of the Australian Associa-
tion of Physical and Rehabilitative Medicine. At the suggestion of 
Vladimir Janda, M.D., the Department of Physiotherapy at the 
University of Brisbane invited Dr. Greenman to present a 5-day 
course on Muscle Energy technique to their senior practitioners 
and faculty. In 1992, Greenman was invited by the Australian Soci-
ety of Rehabilitation, MDs that did musculoskeletal medicine with 
heavy emphasis on manipulation, to provide two courses, one on 
muscle energy and the other on HVLA. He was also invited by the 
AusOA to provide the same two courses to the osteopathic com-
munity. Interestingly, these courses were held separately, although 
the table trainers for all four courses were from the faculty of one of 
the osteopathic colleges.

In 1986, the fi rst federally funded course in osteopathy com-
menced at the Phillip Institute of Technology in Melbourne, Vic-
toria (which later merged with the Royal Melbourne Institute of 
Technology). This course provided training for manual medicine 
practitioners, not physicians. As of 1995, the course awarded dou-
ble degrees to its graduates; graduates from any of the Australian 
colleges are awarded a Bachelor of Science (Clinical Science) and 
a Master of Health Science (Osteopathy) (Cameron, 1998). Until 
the fi rst part of the 21st century, a joint board of chiropractors and 
osteopaths in each territory awarded licenses. Today, each territory 
has an osteopathic board to oversee licensing issues for osteopaths. 
The Australian Osteopathic Association (AOA or AusOA) was 
founded as a professional society to promote osteopathy, and in 
1991 it became the federal body representing osteopaths in Austra-
lia. American-trained DOs wishing to have limited practice rights 
would need to meet the criteria of the osteopathic licensing board 
in that territory. Those wishing to practice full-scope osteopathic 
medicine need to meet the criteria of both the Medical and the 
Osteopathic boards.

NEW ZEALAND

Until the mid-1990s, most osteopaths practicing in New Zealand 
(N.Z.) received their training in Australia or the United Kingdom. 
A voluntary registry existed and there was no legislation regarding 
training or practice. In the late 1990s, the fi rst full-time accredited 
training program was created at UNITEC in Auckland. David 
Patriquin, D.O., who was on faculty at Ohio University College of 
Osteopathic Medicine, became the program’s inaugural principal. 
In 2003, the Health Practitioners Competence Assurance Act was 
passed establishing the Osteopathic Council of New Zealand to 
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Robert Maigne was a French MD who studied at the London 
School of Osteopathy while Myron Beal, D.O., FAAO was on 
faculty. Maigne was active in FIMM and brought an osteopathic 
perspective to that group. In 1975 Myron Magen, D.O., the dean 
of MSUCOM met with Maigne and other FIMM representa-
tives to negotiate attendance of America DOs at their meetings. In 
1977, Robert Ward and Philip Greenman were the fi rst American-
trained DOs to attend a FIMM meeting. This was done by special 
invitation. At that meeting, Greenman and Ward established rela-
tionships with Karel Lewit (Czech), Vladimir Janda (Czech), and 
Heinz-Deiter Neumann (German), leaders in the manual medi-
cine world, which provided the foundation for future collabora-
tions. French physicians were able to obtain osteopathic training 
through periodic lecture, workshops, and presentations. Several 
groups were established to provide osteopathic training opportuni-
ties for their members after completion of a FIMM-recognized 
certifi cate in manual medicine. In France in 1998, the Diploma of 
Manual Medicine and Osteopathy was developed for medical doc-
tors. Reportedly 13 of the medical universities in France may grant 
this diploma (Baecher, 1999). 

BELGIUM

In 1998, the Belgian Parliament brought forth a bill, which was 
passed in 1999, to recognize the practice of osteopathy. Standards 
for training nonphysician osteopaths were also developed. The 
practice of osteopathic medicine was not specifi cally covered in 
the bill, although MD physicians trained in manual medicine may 
use osteopathic techniques as part of their scope of practice. There 
is no specifi c provision for American-trained DOs to obtain full 
practice rights in Belgium however (AAO International Affairs 
Committee, 2000).

GERMANY

German law allows medical doctors to practice osteopathic medi-
cine as part of their scope of practice. Medical doctors are trained 
as osteopathic physicians through programs that share core com-
petencies with the U.S. osteopathic schools and are recognized 
by the German Manual Medicine Association, the OIA, and the 
World Osteopathic Health Organization. Graduates of these 
programs are affi liated with one of the osteopathic medical asso-
ciations such as the Deutsch German Society for Osteopathic 
Medicine and the Deutsch American Association of Osteopathy. 
The European Register for Osteopathic Physicians was created 
in 2003, and currently osteopathic physician groups in France, 
Germany, and Switzerland share a common standard for training 
and examination. At the time of this writing, American-trained 
DOs have been able to obtain license to practice medicine in 
Germany.

In Germany, both part-time and full-time training programs 
are available for physiotherapists and other nonmedical profes-
sionals. Some of these are affi liated with universities and offer the 
equivalent of bachelor or master degrees. There are also several 
voluntary registries and societies for practicing osteopaths. Non-
physician osteopaths may practice osteopathy under the rules gov-
erning heilpractika (traditional healers), although osteopathy as a 
profession is not legislated.

SWITZERLAND

As in Germany, the practice of osteopathic medicine falls within 
the scope of practice of Swiss manual medicine physicians. 

to the United States (P.E. Greenman, personal communication, 
2008). Later physicians were exposed to the osteopathic approach 
through their involvement with FIMM. In 1979, faculty mem-
bers from Michigan State University, Kirksville, Chicago, and 
Texas were invited to the Canary Islands to present a basic course 
on osteopathic manipulative techniques to the leadership of the 
German Manual Medicine Society (DGMM). Under the Ger-
man medical training structure, the DGMM is the equivalent of 
a specialty college that grants board certifi cation. In August of 
that year, MSUCOM offered the fi rst basic course in osteopathic 
technique to MDs. During the 1980s and 1990s, faculty from the 
various COMs were recruited to develop and deliver basic courses 
in osteopathic techniques in Germany, Switzerland, France, Bel-
gium, and the Netherlands. By the mid-1990s, many of the manual 
medicine societies in these countries had affi liate organizations of 
M.D.-trained osteopathic physicians with shared prerequisites, 
curriculum, and standards for examination. Nevertheless, osteo-
pathic medicine was not recognized as a profession but as a manual 
medicine subspecialty available to trained physicians.

In 1998, the European Union Health Administration included 
osteopathy in a resolution accepting alternative and complemen-
tary medicines, although specifi cs of education and practice were 
not incorporated. Initiatives have been taken by the European 
Union, the Forum for Osteopathic Regulation in Europe, the 
European Registry of Osteopathic Physicians, the World Health 
Organization, the WOHO, and the Osteopathic International 
Alliance to promote the regulation of practice and training based 
on minimum competencies. Although over the years individual 
American-trained DOs have obtained licensure to practice medi-
cine in European countries, full reciprocity with the United States 
does not exist for American DOs or MDs. Application for licen-
sure is made on an individual basis.

The following is an overview of osteopathy in Europe by 
country.

FRANCE

In 1951, the French School of Osteopathy (Ecole Francaise 
d’Osteopathie) was opened in Paris as a postgraduate training 
course for physical therapists and medical doctors. The faculty 
mainly consisted of individuals from the United Kingdom, and 
because osteopathy was illegal in France, the school was forced 
to move to the United Kingdom in 1965 (T. Dummer, personal 
communication, 1999). It was initially hosted by the British Col-
lege of Naturopathy and Osteopathy, but remained a French-
speaking part-time course for health professionals. In 1968, the 
school relocated to Maidstone, England, and in 1971 became the 
Ecole Europeenne d’Osteopathie. Until 1974, the school func-
tioned solely as a French-speaking part-time course. That same 
year, it opened its full-time English-speaking 4-year program 
and became the European School of Osteopathy (Collins, 2005; 
T. Dummer, personal communication, 1999). The school continued 
its French-speaking part-time course until 1987. The postgraduate 
part-time course of the Ecole Francaise d’Osteopathie became a 
model of osteopathic training for nonmedical health care profes-
sionals in France in the 1980s and 1990s. During this time, many 
schools opened throughout France and with them several volun-
tary registries. The registries tended to be associated with a school 
or area, and each had its own criteria and standards for training 
and practice. In 2002, the practice of osteopathy by nonphysicians 
was recognized in France, and as of 2008 standards for compe-
tency rules governing curriculum and scope of practice had been 
developed (Ducaux, 2008).
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was incorporated in 1998. It immediately implemented a formal 
training program and certifi cation mechanism in order to estab-
lish a self-regulating body for the practice of osteopathy in Japan. 
Applicants that meet the criteria for certifi cation are given the sta-
tus of Member of the Registry of Osteopathy—Japan (MRO-J) 
designation, which entitles them to participate in JOF-sponsored 
seminars and courses. Members are licensed professionals who 
have taken a prescribed number of hours of a variety of osteopathic 
manipulation courses, and passed standardized written, oral, and 
practical examinations. There are over 400 members of the JOF 
and over 150 certifi ed (MRO-J) Japanese osteopaths.

The osteopathic profession in Japan is growing slowly but 
steadily. Although most of the proponents and leaders have been 
licensed professionals from other disciplines, this past decade has 
witnessed an increase in foreign-trained DOs emerging as leaders, 
developers, and organizers of the profession. In 2008, for instance, 
a Japanese native and graduate of Still University, Kirksville Col-
lege of Osteopathic Medicine in America, opened a second college 
of the osteopathic medical profession, Atlas College of Osteopa-
thy, near Tokyo. Several Japanese have graduated from the British 
osteopathic schools and are back in Japan helping to teach and 
develop the profession. Additionally, several Japanese MD, led 
by long-time proponents of the osteopathic medical profession, 
and an orthopedic surgeon in Tokyo who learned the osteopathic 
medical profession through decades of seminars both in Japan and 
abroad, practice osteopathic manual therapy in various parts of the 
country.
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The Swiss Society of Osteopathic Physicians was formed in 2003. 
It adapted the same curriculum for osteopathic medicine as is used 
by the German medical groups. Physiotherapists in Switzerland 
can enter full-time and part-time programs to train as osteopaths. 
Several cantons have recognized the practice of osteopathy by non-
physicians, but specifi cs of training and scope of practice have not 
yet been fi nalized. In 2007, the various registries for the osteopathic 
medical profession came together to try to create a single cohesive 
group that could legislate more effectively (Rudolf, 2008).

RUSSIA

Manual medicine is a component of medical training in Russia. 
Osteopathic philosophy and practice was brought to Russia via 
U.S.- and U.K.-trained osteopaths and osteopathic physicians such 
as Viola Frymann. Currently, the practice of osteopathic medicine 
falls under the purview medical doctors in Russia, although there is 
no specifi c legislation. There are schools in St. Petersburg, Moscow, 
and Vladivostok. The programs are designed for fully trained phy-
sicians and generally last 2 to 3 years. U.S.-trained DOs can apply 
for licensure with a sponsor such as a hospital, business, or school.

JAPAN

Osteopathic philosophy, principles, and techniques were introduced 
to Japan in the early 1900s. There is at least one Japanese book 
preserved from 1910, written by Yamada, which describes natural 
methods of healing, with a focus on manual therapy that includes 
mention of osteopathy. The study of osteopathy in Japan was pro-
moted by post-World War II lay healers and bonesetters, as well as 
by oriental medical doctors and acupuncturists. In the 1970s and 
1980s, small groups of Japanese traveled to England and America 
to attend introductory seminars in osteopathy, and osteopaths from 
England and osteopathic physicians from America were invited to 
Japan to give short seminars introducing osteopathy to a variety of 
professionals as well as the lay public.

In 1986, Viola Frymann, D.O., F.A.A.O., and President Philip 
Pumerantz, Ph.D., representing the College of Osteopathic Medi-
cine of the Pacifi c in Pomona, CA, presented a 3-day seminar in 
Tokyo, which was the beginning of the development of formal 
training programs. Shortly thereafter, representing the Kirksville 
College of Osteopathic Medicine in Missouri, President Fred 
Tinning, Ph.D., and Michael Kuchera, D.O., F.A.A.O., visited 
Tokyo and presented seminars and appealed to the Japanese gov-
ernment to allow osteopathic medicine to become a regulated and 
accepted practice. John Jones, D.O., also visited the Japanese gov-
ernment with the same plea a few years later, but, also, to no avail.

In the mid-1990s, the fi rst college of osteopathy, the Japan 
College of Osteopathy, was established. It consists of a three-year 
curriculum and graduates are granted the Diplomate in Osteopathy 
degree. Since there is no Japanese osteopathic licensing board or 
regulating body, its graduates practice osteopathic manual therapy 
under the auspices of another professional license, such as boneset-
ter or oriental medical doctor.

There are many supportive osteopathic associations in Japan. 
From 1996 to 1998, through the AAO, Michael Seffi nger, D.O., 
facilitated the collaboration among three of the larger societ-
ies. Along with consultation from Dr. Frymann and members of 
the AAO International Affairs Committee, he encouraged the 
formation of the Japan Osteopathic Federation ( JOF). The JOF 
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5
SECTION II BASIC SCIENCES

Introduction: The Body in Osteopathic Medicine—
the Five Models of Osteopathic Treatment
FRANK H. WILLARD AND JOHN A. JEROME

The Basic Science section of the third edition of the Foundations 
for Osteopathic Medicine has two major changes from the fi rst 
two editions. First, to form the background for this edition of the 
Foundations, we have adopted the fi ve models of patient diagno-
sis, treatment, and management frequently used by osteopathic 
clinicians.

The fi ve models are:

1. Biomechanical model
2. Respiratory-Circulatory model
3. Neurological model
4. Metabolic-Energy model
5. Behavioral model

These fi ve models are commonly used in physical evaluation, diag-
nosis, treatment, and patient management. A detailed explanation 
of the fi ve models and their application in osteopathic medicine 
can be found in Chapter 1 of this edition of the Foundations. To 
best provide an understanding of the fi ve models, all but three of 
the chapters in the Basic Science and Behavioral Science sections 
from the second edition have been completely rewritten or replaced 
by new material. In addition, the Basic Science chapters and the 
Behavioral Science chapters have been consolidated into one sec-
tion, a move that refl ects the editor’s strong belief that the integra-
tion of body and mind lies at the heart of osteopathic medicine.

ORGANIZATION OF MATERIAL IN THE 
BASIC SCIENCE SECTION

Chapter 06: The Concepts of Anatomy

The Basic Science section begins with a chapter on anatomy since 
this discipline, of all sciences, is most fundamental to osteopathic 
medicine. This chapter represents a consolidation of the two anat-
omy chapters from the previous editions of the Foundations text. 
The authors (L. Towns and W. Falls) have articulated four con-
cepts that underpin the study of anatomy. A sound knowledge of 
anatomy is paramount to understanding the application of the fi ve 
models in osteopathic medicine.

Chapter 07: The Fascial System of the Body

This chapter specifi cally focuses on the fascias of the body, which 
play an important role in palpatory diagnosis and osteopathic 
manipulative treatment. The fascias are also particularly signifi cant 
within the concepts of the biomechanical and respiratory/circula-
tory models. Yet while fascia is typically referred to in textbooks 
of anatomy and manual medicine, it is very rarely defi ned. To add 
insult to injury, anatomy texts often decompose fascia sheets into 
small isolated regions with various eponyms. In attempt to answer 
these needs, the authors (F.H. Willard, C. Fossum, and P.R. Stand-
ley) offer a pragmatic defi nition of fascia that can easily be applied 
to any tissue in the body in an effort to determine whether it should 
be termed fascia or not. Chapter 7 also attempts to consolidate 
all fascias into four primary fascial layers in the human body; the 

composition of each layer based on its distribution and function. 
This approach emphasizes the unity of fascia in the body. Finally, 
the chapter surveys some of the major cell types present in fascia and 
reviews their functions, including the very interesting myofi bocyte.

Chapter 08: Biomechanics of the Musuloskeletal 
System

The chapter on biomechanics by M. Wells has been included in 
its entirety from the second edition of the Foundations text. The 
chapter succinctly applies the rules of biomechanics to the muscles, 
bones, and joints of the musculoskeletal system in a way that is 
most helpful in understanding the biomechanical model in osteo-
pathic medicine.

Chapter 09: Somatic Dysfunction, Spinal Facilitation, 
and Viscerosomatic Integration

Central to the concept of osteopathic medicine is somatic dysfunc-
tion and its infl uence on the spinal cord, termed spinal facilitation. 
Somatic dysfunction plays a key role in the biomechanical and neu-
rologic models and strongly infl uences the respiratory/circulatory, 
metabolic-energy, and behavioral models. Working from their previ-
ous chapters that appeared in the fi rst and second editions of Foun-
dations, the authors (M. Patterson and Robert D. Wurster) have 
updated and expanded the concept of somatic dysfunction and its 
infl uences on both the somatic and the visceral systems of the body.

Chapter 10: Autonomic Nervous System

The link between the somatic and the visceral systems of the body 
is very strong and has a major impact on the all of the fi ve treat-
ment models. This link lies at the heart of many referred pain pat-
terns as well as the referral of dysfunction patterns between the 
musculoskeletal and the visceral systems; between visceral organs 
in the various body cavities; and between various musculoskeletal 
tissues. Understanding this link requires practical knowledge of the 
anatomy of the autonomic nervous system; the bridge between the 
somatic and visceral tissues. The chapter on the Autonomic Ner-
vous System present in the previous two editions of this text pro-
vides a map for translating clinical fi ndings into diagnostics using 
the integration of the somatic and visceral nervous system. For 
that reason, the chapter has been retained in the third edition of 
Foundations; however, the author (F.H. Willard) has signifi cantly 
revised the fi gures to allow correlations with Grant’s Atlas of Human 
Anatomy (A.M. Agur and A.F. Dalley. Grant’s Atlas of Anatomy. 
Philadelphia, PA: Lippincott Williams & Wilkins, 2009).

Chapter 11: Physiological Rhythms/Oscillations

The human body has many intrinsic oscillating rhythms, some of 
which well-trained osteopathic physicians can detect through pal-
pation. In Chapter 11, the authors (T. Glonek, N. Sergueef, and 
K. Nelson) examine the myriad of oscillating rhythms known to 
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the physician-patient relationship thereby signifi cantly infl uencing 
the outcome of treatment protocols.

Chapter 15: Nociception and Pain: The Essence of 
Pain Lies Mainly in the Brain

Pain can impact all aspects of the fi ve models in osteopathic medi-
cine. Pain can infl uence muscle tone and alter mechanical func-
tion. It can sensitize areas of the nervous system creating enhanced 
painful states. Pain can infl uence breathing and alter heart rate, 
changing circulatory mechanics. Pain can induce the secretion of 
stress response hormones vastly impacting systemic metabolism. 
Finally, pain infl uences psychological states and behavior; the 
concept of “self and other” changes in extreme states of pain. Our 
knowledge of acute and chronic pain and their etiologies is chang-
ing rapidly; thus, this edition of the Foundations has a completely 
rewritten chapter on pain mechanisms. The authors (F. Willard 
and J. Jerome) begin with the origin of nociception in peripheral 
tissue and follow the process through the spinal cord and brainstem 
to the forebrain and the emergence of the feelings of pain. This 
chapter should provide an important back ground for the osteo-
pathic physician to understand the origin of pain in their patient as 
well as their patient’s response to the presence of this pain.

Chapter 16: Chronic Pain Management

A pain pattern, once it has become chronic, can be very diffi cult to 
manage. As the knowledge of chronic pain etiologies grows, treat-
ment possibilities expand. For this reason, the Chronic Pain Man-
agement chapter has been completely rewritten from the previous 
editions. The authors (M. Elkiss and J. Jerome) build the chapter 
on the basic science of pain perception and neuronal sensitization 
described in Chapter 15. An emphasis is placed on the integrated 
response of the neuromusculoskeletal, endocrine, and immune 
systems to states of chronic pain. The close relationship between 
the development chronic pain and that of depression is consid-
ered. Finally, the role of osteopathic assessment of chronic pain 
is described as a dynamic process using multifaceted approaches 
centered on the behavioral model and having a strong focus on the 
place of the patient in their life cycle.

Chapter 17: Psychoneuroimmunology—
Basic Mechanisms

In the past 20 years, the understanding of the relationship between 
physical and psychosocial stressors and specifi c disease states 
has expanded rapidly. It is now apparent that a patient’s gen-
eral health—somatic, visceral, and psychosocial—can suffer sig-
nifi cantly in response to chronic or uncontrolled activation of a 
complex stress response system—a situation termed allostasis to 
separate it from the normal homeostatic functions of the body. 
The fi rst edition of Foundations reviewed the hypothalamic-
pituitary-adrenal axis and the neuroendocrine immune basis of 
stress-related disease, while the second edition extended this con-
cept of allostasis into the clinical realm. In the third edition, the 
author, J. Jerome expands on earlier versions with new information 
to emphasize the strong relationship between inescapable stressors 
and the progressive deterioration of homeostasis, which manifests 
as worsening of various musculoskeletal, visceral, and psychiatric 
diseases. In essence, dysregulation in the behavioral model can have 
signifi cant impact on all four of the other models especially the 
metabolic model; therefore, a particular emphasis is placed in this 

exist in a human. These rhythms are central to the respiratory/
circulatory model in osteopathic medicine. The authors also 
describe their work using the noninvasive instrumentation of 
human subjects to record multiple oscillating rhythms as well as 
study the possible modifi cation of specifi c rhythms using osteo-
pathic techniques of manipulative medicine.

Chapter 12: Anatomy and Physiology of the 
Lymphatic System

A major component of the respiratory/circulatory model is the 
movement of low-pressure fl uids through the tissues of the body. A 
key component of low-pressure fl uid dynamics is the lymphatic sys-
tem. A new chapter summarizing current knowledge of lymphatic 
system anatomy and physiology has been added to this edition of 
the Foundations. The authors (H. Ettlinger and F. Willard) begin 
by describing the movement of lymphatic fl uid into the terminal 
lymphatic vessels. This is followed by a discussion of the anatomy 
of the lymphatic vascular system and the physiology of movement 
of lymph. The signifi cance of osteopathic manipulative treatment 
and its potential effects on the lymphatic system forms the fi nal 
portions of this chapter.

Chapter 13: Mechanics of Respiration

The respiratory/circulatory model relies on the mechanical move-
ment of the body walls to perfuse the lungs with air and to assist 
in moving fl uid in and out of tissue. Over the past 10 to 15 years, 
research has greatly altered the understanding of the biomechan-
ics of the respiratory muscles. To address these issues, Chapter 13, 
“The Mechanics of Respiration” was added to this section in this 
third edition of Foundations. In this chapter, the author (F. Willard) 
presents a review of the major groups of primary respiratory mus-
cles and their infl uence on the fi broelastic cylinder that represents 
the thoracoabdominal wall. The chapter ends with a discussion of 
the thoracoabdominal diaphragm and its role in both respiration 
and movement of lymphatic fl uid from the abdominal cavity.

Chapter 14: Touch

Nothing is as important to the skilled osteopathic physician as the 
concept of touch. The joining of two individuals through physical 
contact facilitates diagnosis, treatment, and trust; it is central to 
each of the fi ve models. With this in mind, a chapter devoted to 
the physical and emotional aspects of touch has been added to this 
third edition of Foundations. In this chapter, the authors (F. Wil-
lard, J. Jerome, and M. Elkiss) examine the signifi cance of touch for 
the osteopathic physician and the patient. The physical process of 
touch from the peripheral receptor to the representation of touch 
information on the cerebral cortex is reviewed. A distributed net-
work of information processing is described that can function to 
integrate somesthetic stimuli with primary senses such as visual or 
auditory to develop an emerging image representing the touch, the 
touched object or the signifi cance of the touch. Further interac-
tions of this network with areas of prefrontal cortex allow the for-
mation of a palpatory or tactile memory. All of palpatory diagnosis 
is predicated on previously formed tactile memories; acquiring 
these memories is a process critical to the development of skills 
in the osteopathic physician-in-training. The chapter concludes 
by demonstrating how this distributed cortical network integrates 
emotional components of our brain to place a meaningful balance 
on the experience of touch and how this can be very impactful on 
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susceptibility to disease changes. For this reason, the fi nal chapter 
in the basic science section is a survey of the life stages in human 
development, dealing with growth from birth to death. The authors 
( J. Megan, A. Ley, D. Wagenaar, and S. Scheinthald) meticulously 
examine the prenatal, infant, school-aged, adolescent, adult, and 
geriatric stages of life. At each stage in the life cycle, the unique 
vulnerabilities inherent in the associated physiological changes in 
each of the fi rst four models are tied to the changes occurring in 
behavioral model. Viewed through this continuum of life, a better 
appreciation of human health and disease can be developed.

SUMMARY

The material in the basic science section of the third edition of 
the Foundations for Osteopathic Medicine has been chosen to 
provide a background understanding of the fi ve models used in 
diagnosis, treatment, and management by osteopathic physicians. 
The journey begins with anatomy, fascia, biomechanics, respira-
tion, lymphatics, and oscillating rhythms from which it progresses 
through such neurological items as somatic dysfunction, visceroso-
matic integration, touch, nociception, and acute and chronic pain 
to end with a strong emphasis on the behavioral model. Knowledge 
of this material will best provide the future students of osteopathic 
medicine with the foundations of their profession.

chapter on the behavioral and psychiatric manifestations of stress 
and their impact on the general health of the patient.

Chapter 18: Psychoneuroimmunology—
Stress Management

Stress management involved a multifaceted approach to the patient 
physical and psychological status. In this chapter, the authors 
( J. Jerome and G. Osborn) build on the basic material outlined in 
Chapter 18 to develop a distinctly osteopathic approach to stress 
management, taking into consideration somatic dysfunctions as 
well as psychological stressors. The chapter uses the behavioral 
model to develop insights into the treatment and management of 
depression, anxiety, alcohol abuse, and insomnia from an osteo-
pathic prospective.

Chapter 19: Life Stages—Basic Mechanisms

Understanding the impact of disease across the life cycle of a 
human involves knowledge of the composition of human life stages 
and their changing profi les from preterm to geriatric stages. In 
essence, this process represents the penultimate application of the 
fi ve models of osteopathic medicine. Each stage in life is impacted 
by genetic and environmental factors; as the life stages change, the 
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INTRODUCTION

Understanding anatomy is fundamental to the rational practice 
of medicine. To assess health and disease, physicians must have 
a detailed knowledge of the structures of the body. A physician’s 
comprehensive anatomical knowledge may be restricted to the 
particular body area or functional system that he or she uses in 
a specialized practice. However, effective physicians, even those 
in specialized practices, need and use a working knowledge of the 
reciprocal, interactive nature of the body’s structure and function. 
Osteopathic physicians need suffi cient knowledge of body struc-
ture and function to understand how focal destructive causes may 
not only lead to localized effects but may also contribute to more 
subtle, widespread, or distant degenerative, morbid events. The 
reward for mastering anatomy is to develop the ability to practice 
medicine—especially osteopathic medicine—in a more intelligent, 
predictable, and effective manner.

This chapter does not attempt to thoroughly review anatomy. 
Numerous excellent books and programs are available on human 
anatomy, and the effective methods of teaching anatomy vary from 
school to school. The purpose of this chapter is to provide the 
beginning student with some conceptual bases to guide the study 
of anatomy and thereby to help maximize the positive impact 
of anatomical knowledge on the eventual osteopathic medical 
practice.

Learning the seemingly enormous amount of anatomical detail 
can be daunting—the oft-repeated “drinking from a fi re house” 
metaphor comes to mind—but there are some simplifying ideas 
that, if clearly understood, will make the task of comprehending 
anatomy both easier and more durable. Here, we introduce four 
concepts that we intend to assist in the mental organization of the 
anatomy of the body: fi rst, early developmental events are refl ected 
in the organization of the adult body; second, common cellular 
anatomy imposes anatomical constraints on body structure and 
function; third, movement is a defi ning feature of the living state; 
and fourth, body unity is imposed by those structures which inter-
connect distant parts of the body.

We will generally focus on the musculoskeletal system in this 
overview. However, the principles to be described apply through-
out the study of anatomy, and we will point out some instances of 
more universal application.

NEUROMUSCULOSKELETAL DEVELOPMENT

Understanding the developmental history of the body is the fi rst 
topic that truly assists the learning of gross anatomy. Principles 

of gross anatomy—general rules of where structures are and how 
they relate to other structures—are predicated on the way the body 
develops. Thus, understanding general developmental events will 
greatly enhance the comprehension and retention of the anatomy 
of the mature form.

At about four weeks of gestation, the embryo is a fl at disc 
composed of three cell layers. The outer layer, ectoderm, will form 
principally skin and most of the nervous system. The middle layer, 
mesoderm, will form mainly muscles and bones, and the inner 
layer, endoderm, will form most of the internal organs. All organs 
and tissues of the body will develop by differentiation and growth 
of these three cell layers.

As development continues, the cells of the middle layer—
called mesenchyme at this early stage—begin to form into a series 
of bilaterally symmetric clusters of cells; each cluster is called a 
somite. The formation of pairs of somites begins in the cervi-
cal region and proceeds caudally until about 38 separate pairs of 
somites are formed. The mature organization of the musculoskel-
etal system is a direct refl ection of the embryologic development of 
segmental somites.

Each somite differentiates into two parts: a sclerotome and 
a dermomyotome (Fig. 6.1). The sclerotome will form the bones 
and cartilages of the axial skeleton (vertebrae and ribs), and two 
things form from the dermomyotome: the “dermo” part becomes 
the dermis of the skin and the myotome will form the axial muscles 
(muscles of the trunk).

As somites form in the middle layer of embryonic cells, related 
developmental events are taking place in the overlying ectoderm. 
The ectoderm becomes grooved in the midline, and the edges of 
the groove then move together until a tube is formed. The tube—
now called the neural tube—is the embryonic precursor of the spi-
nal cord. Ectodermal tissue adjacent to the neural tube is called 
the neural crests and is the precursor of elements of the peripheral 
nervous system.

As each somite of the trunk forms, there is a simultaneous 
segmentation of the adjacent part of the neural tube. Sensory and 
motor nerves of a specifi c part of the developing spinal cord will 
be segmentally related to an adjacent developing somite. Thus, a 
close correspondence is maintained between the developing seg-
ments of the body wall and the central nervous system (CNS) 
(Figs. 6.2 and 6.3). While the close coherence between the spi-
nal cord and the truncal musculoskeletal system is maintained by 
these developmental events, anticipating topics of visceral-somatic 
relationships to be discussed below, it is useful to point out that 
there is also a relationship between the developing thoracic and 
abdominopelvic organs and the spinal cord. As a result, the nervous 
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Figure 6-1 A and B. Transverse sections showing dif-
ferentiation of a somite in relation to development of 
neural tube.

Figure 6-2 A and B. Transverse actions showing 
migration of cells from sclerotome and myotome 
during development.

system provides the link between the somatic tissue of the trunk 
(i.e., bones and muscles) and the viscera (i.e., heart or gastrointes-
tinal system). This segmental relationship between the body wall 
and internal organs is hypothesized to be the underlying mecha-
nism for referred pain—perceiving pain on the body wall (i.e., chest 
pain) when the tissue damage is in an internal organ (i.e., cardiac 
ischemia).

Development of the Trunk

Segmentation—the result of embryonic somitic and neural 
development—is most obvious in the adult through levels of the 
thorax and abdomen. Each thoracic myotome will further divide 
into an epimere and hypomere. The mesenchymal cells in the 
epimere become the deep back muscles in the adult, while the mes-
enchymal cells in the hypomere become the muscles of the antero-
lateral wall of the thorax and abdomen (Fig. 6.3).

A typical transverse section through the thoracic region dem-
onstrates the basic segmental organization (Figs. 6.3 and 6.4). 
Throughout the thoracic region, each segmental level is organized 
symmetrically about a central axis composed of the vertebra and 
spinal cord. Emanating from the spinal cord at each segmental level 
will be a pair of spinal nerves that distribute principally to the skin, 
bones, and muscles derived from that segment’s dermomyotome.

The typical spinal nerve is formed by the union of the ven-
tral (motor) and dorsal (sensory) roots just lateral to the spinal 
cord. Within a short distance, each spinal nerve divides to form a 

posterior primary ramus and an anterior primary ramus (Fig. 6.4). 
Each ramus contains both sensory and motor nerve fi bers. The 
posterior primary rami of thoracic and lumbar spinal nerves are 
distributed to the deep (“true”) back muscles, the joints which the 
muscles functionally move and the skin over these muscles. The 
anterior primary ramus in the thoracic and lumbar regions inner-
vates the muscles of the body wall (i.e., intercostal and abdominal 
muscles) and the skin of the thorax and abdomen. The pattern of 
thoracic and abdominal nerve distribution is clinically demon-
strated as the dermatomes—restricted areas of the skin served by 
individual spinal nerves (Fig. 6.5).

As will be typical throughout the body, there is also a segmen-
tation of blood supply to the thoracic and abdominal wall that is 
similar to segmentation of muscles and nerves. For example, in 
the thoracic region, the aorta gives rise to right and left posterior 
intercostal arteries, which supply the thoracic and abdominal walls 
segmentally (Fig. 6.4). This area of supply includes the skin, super-
fi cial and deep fascia, intercostal and abdominal musculature, ribs, 
vertebrae, and paravertebral musculature. This parallel segmenta-
tion of nerves and vessels is readily seen on the inferior surface 
of each rib where a neurovascular bundle, which includes the 
intercostal nerve, artery, and vein (as well as segmental intercostal 
lymphatics) is located (Fig. 6.4). These structures supply and drain 
the muscle, connective tissue, and skin within and over the thorax 
and abdomen.

The segmental pattern of neurovascular distribution in the tho-
rax and abdomen is an example of developmental segmentation that 

Chila_Chap06.indd   57Chila_Chap06.indd   57 8/6/2010   11:17:07 AM8/6/2010   11:17:07 AM



58 I • FOUNDATIONS

limb and the spinal cord (Fig. 6.6). However, through differential 
limb growth and development (e.g., mesenchymal cells from dif-
ferent segments combining to form a single muscle in the adult), 
the initial segmental representation of the embryo is modifi ed in 
the adult.

The bones of the upper and lower limbs arise in situ in the devel-
oping limb buds. They begin as mesenchyme that condenses and dif-
ferentiates into hyaline cartilage models of the future bones. These 
cartilaginous models eventually ossify through a complex process of 
endochondral ossifi cation. Limb musculature is also derived from 
mesenchyme but, unlike that which form the bones, muscle mes-
enchyme is derived from somites adjacent to the developing neural 
tube and migrates into the limb bud from the hypomere where it 
condenses adjacent to the developing bones (Fig. 6.6). As the limb 
elongates, the muscular tissue splits into fl exor (anterior) and exten-
sor (posterior) components. Initially, the muscles of the limbs are 
segmental in character, but in time, they fuse, migrate, and are com-
posed of muscle tissue from several segments. Upper limb buds are 
opposite neural tube (spinal cord) segments C5-C8 and T1 while 
lower limb buds lie opposite segments L2-L5 and S1 and S2.

As the limbs grow, posterior and anterior branches derived 
from anterior primary rami of spinal nerves penetrate into the 

the body maintains in the adult. However, this segmental pattern is 
modifi ed in the limbs by differential growth and development.

Development of the Upper and Lower Limbs

Segmentation and the results of early embryonic segmentation are 
not as readily apparent in the adult limbs. Nevertheless, keeping 
the original segmentation in mind will help you understand the 
overall anatomy of the limbs. The anatomy of the upper and lower 
limbs is comparable. The limbs are divided into four major parts. 
The upper limb is divided into the shoulder (shoulder girdle), arm, 
forearm, and hand; while the lower limb consists of the pelvic gir-
dle, thigh, leg, and foot.

The upper and lower limbs develop from localized enlarge-
ments of mesenchyme—limb buds; the limb buds of the upper limb 
develop from lower cervical and upper thoracic segments (C5-C8 
and T1), while the lower limb buds develop from lower lumbar and 
upper sacral segments (L2-L5 and S1 and S2). The hypomere of 
the mesenchyme at each of these levels will form bone, connective 
tissue, and muscle of the limb. As the limb bud expands, anterior 
primary rami of spinal nerves grow into the developing limb, thus 
maintaining a segmental correspondence between the developing 

Figure 6-4 Transverse section illustrating contents of a 
segmental level through the thorax.

Figure 6-3 A and B. Transverse sections showing 
segmental nerve from developing spinal cord and 
innervating developing musculature of thorax and 
abdomen.
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Figure 6-5 Dermatomal maps of body.

Figure 6-6 Transverse section showing that muscles (as well as 
bone and connective tissues) of developing limbs maintain seg-
mental innervation from developing spinal cord.

anterior branches from each anterior primary ramus is the basis for 
the formation of the brachial and lumbosacral plexuses (Fig. 6.7A, 
C, D & E) and comes about with the fusion of segmental muscles. 
The large posterior and anterior nerves are represented in the adult 
upper limb as the radial nerve supplying extensor musculature, 
while the median and ulnar nerves innervate fl exor musculature 
(Fig. 6.7A & C). In the adult lower limb, the large posterior and 
anterior nerves are represented as the femoral and common fi bular 
nerves supplying extensor musculature and the tibial nerve supply-
ing fl exor musculature (Fig. 6.7D & E). Contact between nerves 
and differentiating muscle cells is a prerequisite for complete func-
tional muscle differentiation. The segmental spinal nerves also 
provide sensory innervation of the limb dermatomes. The origi-
nal segmental dermatomal pattern is modifi ed with growth of the 
limbs, but an orderly sequence is present in the adult (Fig. 6.8).

While the development of the upper and lower limbs is similar, 
there one major difference: the limbs rotate in opposite directions. 
The upper limb rotates 90 degrees laterally so that the elbow points 
posteriorly, the extensor musculature lies on lateral and posterior 
surfaces while the fl exor musculature lies on anterior and medial 
surfaces, and the thumb lies laterally on the anterior facing palm. 
The lower limb rotates 90 degrees medially so that the knee points 
anteriorly, the extensor muscles are on the anterior surface while the 
fl exor muscles are on the posterior surface, and the big toe is medial. 

developing muscles (Fig. 6.6). Posterior branches enter extensor 
musculature while anterior branches enter fl exor musculature. 
With continued development, the posterior and anterior branches 
from each anterior primary ramus unite to form large posterior and 
anterior nerves. This union of the original segmental posterior and 
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Figure 6-7 Spinal cord and plexuses. A. Sagittal view of spinal cord and plexuses. B. Cervical plexus. C. Brachial 
plexus. D. Lumbar plexus. E. Sacral plexus.
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Figure 6-8 Developing dermatomal patterns in upper (A–C) and 
lower (D–F) limbs. A–C. Anterior view, upper limb. D and F. Poste-
rior view, lower limb. A, B, D, and E. Limb buds in embryo. C and F. 
Adult limbs.

cell types within a specifi c matrix of ground substance and fi bers. 
By changing these three elements (cells, ground substance, and 
fi bers), the variable composition and consistency of each type of 
connective tissue in the musculoskeletal system is produced. Thus, 
all connective tissue can be classifi ed on the basis of the arrange-
ment of these three elements.

Loose connective tissue forms an open meshwork of cells 
(fi brocytes; fi broblasts) and fi bers (collagen, elastic, reticular), with 
a large amount of fat cells and ground substance in between. Loose 
connective tissue also surrounds neurovascular bundles and fi lls the 
spaces between individual muscles and fascial planes (Fig. 6.9).

Dense fi brous connective tissue is composed predominantly of 
collagen fi ber bundles and is classifi ed as regular or irregular on the 
basis of the arrangement of the closely packed collagen. Collagen 
fi bers in dense regular connective tissue show a regular arrange-
ment and run in the same direction. Dense regular connective tissue 
forms the substance of periosteum, tendons, and ligaments. Irregu-
lar connective tissue (e.g., periosteum and deep fascia) is composed 
of collagen fi bers that lack such a consistent pattern (Fig. 6.10).

Cartilage and Bone

Cartilage and bone are highly specialized connective tissues in 
which the ground substance of the matrix is predominant over the 
cellular and fi brous elements, and thus, cartilage and bone can have 
a texture that is considerably different from that of dense connec-
tive tissue.

The chondroblast is responsible for producing the ground sub-
stance and fi bers of the three types of cartilage: hyaline (articular; 
found in synovial joints), elastic (found in the external ear, auditory 
tube, larynx, and epiglottis), and fi brous (found in intervertebral 
disks). These three cartilage types vary in histological makeup on 
the basis of their ground substance and predominant fi ber type 
(collagen or elastin) and are avascular (Figs. 6.11–6.13).

The osteocytes of bone are maintained in a rigid matrix, which 
is calcifi ed and reinforced by connective tissue fi bers, which are 
produced by the osteoblasts. The structural unit of bone, the osteon 
(Haversian system), is formed by concentric lamellae of bone sur-
rounding a microscopic neurovascular bundle in the Haversian 
canal. The osteocytes are located within microscopic spaces (lacu-
nae) between the concentric bone matrix lamellae and extend pro-
cesses into the matrix (Fig. 6.14).

Skeletal Muscle

As described above, skeletal muscle tissue is derived from mesen-
chyme and is highly modifi ed for the specifi c function of contrac-
tion. The individual skeletal muscle cells (fi bers) are arranged in 
a regular systematic manner to facilitate contraction when stimu-
lated by a nerve impulse. The microscopic appearance of skeletal 
muscle presents a classic banding pattern, which represents the 
internal organization of the protein contractile elements in each 
muscle fi ber (Fig. 6.15). The highly differentiated cytoarchitecture 
of muscle tissue relates closely to the inability of the muscle tissue 
to heal following injury.

Response to Injury

The inherent capacity of the musculoskeletal system to heal and 
repair following injury is a direct refl ection of the histological orga-
nization of connective tissue. At the macroscopic level, the connec-
tive tissue invests the neurovascular bundles, which supply specifi c 
parts of the body. At the microscopic level, the capillary beds are 

These rotations, thus, determine the functions that the limbs will 
perform in the adult. In the limbs, deep fascia and intermuscular 
septa connecting with bone separate or compartmentalize groups 
of muscles (more on this below). The muscles in each compart-
ment share similar functions, developmental histories, nerve and 
arterial supply as well as venous and lymphatic drainage.

MUSCULOSKELETAL MICROSCOPIC ANATOMY

As discussed above, understanding segmental developmental events 
provides an organizational framework by which to comprehend and 
utilize knowledge of the mature musculoskeletal system. Similarly, 
a basic understanding of the tissues of the musculoskeletal system 
provides a conceptual framework through which to understand the 
mechanisms of health and disease as manifest in body movements. 
The cellular and extracellular components of the musculoskeletal 
system are generally classifi ed into two groups: connective tissue 
and muscle.

Connective Tissue

The connective tissues of the body are derived from mesenchyme. 
These developing tissues (connective tissue, bone, and cartilage) 
contain cells (fi broblasts, osteoblasts, and chondroblasts), which 
produce a matrix of ground substance and fi bers that surround the 
cells. Each type of connective tissue has a unique arrangement of 

Chila_Chap06.indd   61Chila_Chap06.indd   61 8/6/2010   11:17:10 AM8/6/2010   11:17:10 AM



62 I • FOUNDATIONS

differentiated any tissue is (i.e., the less it resembles the embryonic 
tissue from which it was derived), the less capable that tissue is of cell 
division and, therefore, the less able the tissue is to heal via mitotic 
addition of new cells following injury. Because of its highly differ-
entiated nature, skeletal muscle and cartilage often repair as a scar 
mainly composed of irregular dense connective tissue. Bone repre-
sents a major exception to this rule. Since bone is actively remodel-
ing in the living state, it will rapidly form a scar following injury and 
then gradually remodel the scar into the normal architecture of the 
adult bone. A corollary of this principle on differentiation can be 
seen in cancerous tissue. Generally, differentiated cells have to dedi-
fferentiate in order to become a malignancy. The more undifferenti-
ated a cell becomes, the more potential it has to divide; thus, some 
of the most dangerous malignancies are anaplastic lesions in which 
cells appear to return to a primitive, embryonic-looking state.

FUNCTION OF THE MUSCULOSKELETAL 
SYSTEM

Understanding the function of the musculoskeletal system remains 
at the heart of osteopathic medical practice and, so, constitutes a 
signifi cant portion of most anatomy courses. The musculoskeletal 
system is approximately 75% of the body mass; this vast system 
gives stability in health, provides clues to dysfunction and disease, 
and offers a mode of treatment to support the patient who is dis-
eased or stressed. Osteopathic physicians must understand well the 
function of the individual components of the musculoskeletal sys-
tem. This function is seen from two fundamental, complementary 
perspectives: What action or function does a muscle (joint, bone, 
ligament, etc.) produce? And, which muscle ( joint, bone, ligament, 
etc.) produces a specifi c action or function?

Understanding the rule of function in the musculoskeletal sys-
tem leads inevitably to a series of questions predicated on more 
complex structural and functional interrelationships: How might 
dysfunction of the muscle (or other musculoskeletal component) 
affect total body effi ciency and health? How might dysfunction of 
some visceral element degrade the structural or functional integrity 
of the musculoskeletal system? And, how are these dysfunctions 

Figure 6-9 Cellular elements of loose connective 
tissue.

Figure 6-10 Cellular elements of dense, regular fi brous connec-
tive tissue. Dark fi broblast nuclei lie between bundles of regularly 
arranged collagen fi bers.

located within the open meshwork of loose connective tissue and 
nourish the cellular elements of the tissue. These cells in turn pro-
duce the ground substance and fi bers of the connective tissue. Fol-
lowing injury, a complex biochemical reaction results in stimulating 
the inherent capacity of healing and repair. In general, the more 
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Figure 6-12 Cellular elements of elastic cartilage.

Figure 6-11 Cellular elements of hyaline (articular) 
cartilage.

segmentally related to other tissues and organ system? These 
questions form the core of rational osteopathic medical practice.

Muscle Function

A muscle normally contracts because it is stimulated by a motor 
nerve. A single motor nerve fi ber innervates more than one skeletal 

muscle fi ber. The nerve fi ber and all the muscle fi bers it innervates 
are called the motor unit (Fig. 6.16). In general, small muscles that 
react quickly (e.g., extraocular muscles) have ten or fewer muscle 
fi bers innervated by a single nerve fi ber. In contrast, large muscles 
that do not require fi ne CNS control (e.g., deep back muscles) may 
have up to one thousand muscle fi bers in a motor unit. When a 
muscle is resting, some motor units are always discharging. It may 
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muscle length stays constant with elevated tension generated 
within the muscles, the contraction is called isometric (e.g., pos-
terior compartment muscles of the leg in standing). Isotonic con-
tractions may be concentric (shortening of the muscle) or eccentric 
(lengthening of the muscle).

Most movements require the combined action of several 
muscles. The term prime mover is used for those muscles that act 
directly to bring about the desired movement. Every muscle, which 
acts on a joint, is paired with another muscle that has the opposite 
action on the same joint. These muscles are antagonists of each 
other (e.g., muscles that fl ex the elbow and muscles that extend 
the elbow are antagonists of each other). During any movement 
around a joint, both agonist and antagonists are contracting—
the agonist contracts more forcefully to produce movement, but 
the antagonist maintains some tonus that does not signifi cantly 
block the action of the agonist, but helps to stabilize the move-
ment. There are times when prime movers and antagonists con-
tract together and are called fi xators. This occurs to stabilize a joint 
or hold a part of the body in an appropriate position. Muscles, 
which contract at the same time to produce a movement are 
called synergists. These can be either muscles that aid the agonist 
in the performance of the desired action or antagonist muscles 
that contract at the same time as an agonist and thereby prevent 
unwanted movement that would be counterproductive to the 
desired action. Individual muscles should not always be consid-
ered as units with a single function, and different parts of the same 
muscle may have different, even antagonistic, actions (e.g., the 
trapezius).

The function of most skeletal muscles is to produce movement 
of bones relative to each other. For example, contraction of the arm 
muscles will cause fl exion of extension of the elbow. While empha-
sis to this point has focused on muscles and bones, we now turn our 
attention to the site where bones articulate with each other—the 
joints.

not be the same motor units at each instance in time. This type of 
motor activity (muscle tone) is the background for muscular con-
traction in the performance of a purposeful movement.

When most muscles contract, their fi bers act through tendons 
on moveable bones to get the desired action (Fig. 6.17). Move-
ments result in the activation of motor units in some muscles and 
the simultaneous relaxation of motor units in other muscles. Move-
ment that comes about from muscle contraction causes the muscles 
to change in length. When this occurs, tension created within the 
muscle remains constant and the contraction is called isotonic. If 
movement does not occur as a result of muscle contraction and 

Figure 6-13 Cellular elements of fi brocartilage.

Figure 6-14 Transverse section showing cellular 
elements of compact bone.
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Figure 6-18 Typical synovial joint.

lubricates the internal joint surfaces and the articular hyaline 
cartilage. The uniqueness of this membrane is that it is derived from 
mesenchyme. However, microscopically and functionally, this tis-
sue is similar to epithelial tissue, which is an ectodermal derivative.

Each synovial joint is stabilized by specifi c ligaments. Ligaments 
may be classifi ed as capsular or accessory. A capsular ligament is a 
part of the fi brous outer layer of the joint capsule while accessory 
ligaments are either located within the joint cavity (intracapsular) 
or outside the joint capsule, separated from the fi brous outer layer 
(extracapsular). All ligaments are histologically composed of dense 
regular fi brous connective tissue and have microscopic, structural, and 
functional continuity with the periosteum of adjacent bone. Some 
joints (temporomandibular joint or knee joint, for example) are even 
more specialized as they have the unique feature of either a disk or a 
meniscus (incomplete disk) within the joint cavity (Fig. 6.19). The 
fi brocartilaginous disk provides for additional support and stability 
as it separates the two hyaline cartilage articular surfaces.

Synovial joints are commonly classifi ed according to the shape 
of the articular surfaces and/or the movements, which are permit-
ted. None of the articular surfaces are truly fl at. Biomechanically, 
these joint surfaces permit motion, which is described as spin, roll, 
or slide (Fig. 6.20). Spin represents rotation about the longitudinal 
axis of a bone. Roll is the result of decreasing and increasing the 
angle between the two bones at an articulation. Slide is the result 
of a translatory motion of one bone gliding/sliding on the other at 
the joint. Specifi c details regarding the classifi cation system and 
individual synovial joints can be found in any anatomy textbook.

Synovial and Nonsynovial Joints

All synovial joints of the body are freely movable and similar in 
structure. The “typical” synovial joint is exemplifi ed in Figure 6.18. 
The articular surfaces of the two bones, which form the joint, are 
covered by hyaline (articular) cartilage, which is specifi cally modi-
fi ed for the function of articular motion. The two articular surfaces 
are separated by a monolayer of synovial fl uid in the joint cavity. 
The joint capsule is composed of two layers. The unique inner 
layer of the joint capsule is the synovial membrane, which lines the 
fi brous outer layer. This membrane secretes the synovial fl uid, which 

Figure 6-15 Longitudinal section of skeletal muscle showing clas-
sic banding pattern found in individual fi bers.

Figure 6-16 A motor unit.

Figure 6-17 Diagrammatic representation of how muscle attaches 
to bone.
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nonsynovial joints (fi brous and cartilaginous) provide strength and 
stability within a limited range of motion.

Joint Play

The voluntary movement of synovial joints is accommodated by 
joint play as described by Mennell. Joint play is defi ned as a small but 
precise amount of movement (<1/8″), which is independent of the 
action of voluntary muscle function. The normal, easy, voluntary 
range of active motion at a synovial joint is dependent upon the integ-
rity of joint play. Joint play is only present in the living synovial joint. 
The movement of joint play can only be demonstrated by passive 
examination. Each synovial joint has one or more joint play move-
ments. Joint dysfunction is defi ned as the loss of joint play and there-
fore a limitation of the voluntary range of motion at a synovial joint. 
Joint dysfunction is a component of somatic dysfunction (acute or 
chronic), which is diagnosed in the evaluation of the neuromusculo-
skeletal system. The restoration of joint play appears to be the basis 
for the success of synovial joint mobilization using direct or indirect 
action treatment techniques in osteopathic manipulation.

BODY UNITY

Although to this point we have emphasized the segmental and cel-
lular nature of the human body, in reality, the body is one unifi ed 
structure. The various regional anatomical and cellular components 
of the neuromusculoskeletal system—derived embryological from 
somites and associated neural precursors—are bound together 
and unifi ed into a functional whole by arteries, veins, lymphatics, 
nerves, circulating factors, and fascia.

It has not been customary in modern medicine to point 
out that the human is a complex, unifi ed organism made up of 
many overlapping, interconnected systems. Recently, conventional 
medicine has attempted to reassemble its various specialties and 
subspecialties, each focused on a body region or functional system, 
into a holistic understanding of health and disease. Nevertheless, 
the structure of medicine retains much of its compartmentaliza-
tion; it is diffi cult for even the most thoughtful physician, particu-
larly those in a demanding specialty practice, to step back routinely 
and holistically assess a patient.

A physician’s understanding of body unity and the propen-
sity to view the patient holistically is heightened by remember-
ing a basic unifying principle: although the body is made up of 
many structurally and functionally discrete elements, the elements 

Nonsynovial joints are subdivided into fi brous and cartilaginous 
types. These joints where the articulating bones are directly con-
nected by either fi brous tissue or cartilage have no free surface 
for movement, but provide for strength and stability between 
adjacent bones. The fi brous joints include the sutures of the skull 
(Fig. 6.21), teeth in the mandible and maxilla, and the distal tibio-
fi bular joint. The fi brocartilaginous intervertebral disks between 
adjacent vertebral bodies and the pubic symphysis (Fig. 6.22) are 
examples of cartilaginous joints.

The sutures of the skull provide a classic example of the inter-
relationship between structure and function. Each suture (joint) 
between adjacent cranial bones uniquely provides support and 
mobility. Unlike the freely moveable synovial joints, the sutures are 
highly restricted to slight gliding motion. However, motion loss/
restriction is the clinically signifi cant factor in describing somatic 
dysfunction of the joint.

Cranial bone motion is also infl uenced by the tension of the 
cranial dura mater, which covers the brain and forms the inter-
nal lining of the skull. Cranial dura mater consists of two layers: 
periosteal and meningeal. The periosteal layer is the periosteal lin-
ing of the cranium and there is histological continuity of this layer 
with the fi brous tissue (sutural ligament) at each cranial suture. 
The meningeal layer of cranial dura mater has continuity with the 
spinal dura mater (thecal sac) at the foramen magnum of the occip-
ital bone (Fig. 6.23). The direct effect of these connective tissues 
on cranial bone motion has been described by Sutherland as the 
reciprocal tension membrane.

In summary, synovial and nonsynovial joints exemplify the 
osteopathic concept of the inter-relationship between structure 
and function. Synovial joints, which are freely moveable, allow 
for the body to have mobility and greater range of motion. The 

Figure 6-19 Synovial joint with an articular disc.

Figure 6-20 Motion at a synovial joint. A. Spin. B. Roll. C. Slide.

Figure 6-21 A suture is an example of a fi brous joint.

Figure 6-22 A symphysis is an example of a cartilaginous joint.
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suggest that, as the endocrine, immune and nervous systems all 
use a common set of messengers (e.g., norepinephrine, neuropep-
tide Y, cholecystokinin, and many others), that they be considered 
one overlapping system by which body unity is established and 
maintained.

Connective Tissue

As described above, connective tissue is one important component 
of the musculoskeletal system. Connective tissue serves both to 
isolate individual elements of the body and to unify adjacent and 
distant structures. Connective tissue begins at the molecular level 
and extends to the gross, macroscopic level.

Connective tissue binds organ to organ, muscle to bone, and 
bone to bone and literally is the fundamental connector that allows 
structural and functional systems to be physically grouped into a 
unifi ed package. Without connective tissue, the body is a dissoci-
ated mass of dying cells. It is the connective tissue, most of it a 

are linked together by a number of connectors. As such, these 
connectors make up a signifi cant portion of the study of medicine 
in general and the study of anatomy in particular.

The “connectors” are easily listed; they are connective tissue, 
the nervous system, the endocrine system, and the vascular and 
lymphatic systems. The circulatory system serves distant body 
parts and, among other things, provides a means of communica-
tion. The nervous system, although it is traditionally divided into 
component parts—central, peripheral, autonomic, and enteric—is 
one continuous, functional entity. The nervous system constantly 
receives external and internal stimuli fi lters, sorts and integrates 
those stimuli, and then produces the coordinated contraction of 
muscles and/or secretion of glands in response to those stimuli. 
The nervous system can even impel muscular contraction and/
or glandular secretion independent of external stimulation. The 
endocrine and immune systems, interconnected to each other and 
to the nervous systems, also bring tissues distant from each other 
under unifi ed, coordinated control. Indeed, contemporary analyses 

Figure 6-23 Area of foramen magnum. Cranial dura mater lines the internal surface of cranium, is continuous with 
fi brous tissue of sutures, and is continuous with spinal dura mater of foramen magnum.
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proteinaceous extracellular matrix, that enforces form and thereby 
permits function. Connective tissue plays a critical role in body 
health and disease, but ironically it is so pervasive it is easily over-
looked in the study of anatomy, in the maintenance of health, and 
in the diagnosis and treatment of disease.

Individual skeletal muscle fi bers are surrounded by a delicate 
network of fi ne connective tissue. At each end of the muscle, this 
connective tissue forms a tendon composed of dense regular fi brous 
connective tissue. The tendon is attached to bone through a micro-
scopic interlacing of its connective tissue with the periosteal con-
nective tissue covering of the bone (Fig. 6.17). Each muscle has 
two parts: a predominant connective tissue at its ends, which attach 
to bones and a predominance of muscle tissue in its functional con-
tractile belly. The change to connective tissue at its ends provides 
the muscle a fi rm attachment to bone.

The musculotendinous junction represents the point at which 
there is a signifi cant change in the histological composition of 
skeletal muscle from predominantly muscle fi bers to predominantly 
collagen fi bers. Muscle contraction exerts force on the musculoten-
dinous junction and then the tendon, which moves a bone at a 
joint. The connective tissue of the joint and joint capsule is then 
connected to and continuous with the connective tissue that sur-
rounds the muscle and anchors the muscle to bone.

Fascia

Fascia is as rather generalized term for sheets or layers of connec-
tive tissue that envelop specifi c structures and segregate one struc-
ture, organ, or area from another. For example, throughout the 
body, there is a subcutaneous layer of loose connective tissue called 
the superfi cial fascia (Figs. 6.9 and 6.24). It contains collagen fi bers 
that connect the skin to underlying structures as well as variable 
amounts of fat. Superfi cial fascia serves to increase skin mobility, 
acts as a thermal insulator, and stores energy for metabolic use.

As will be seen in Chapter 7 on the Fascial System, envelop-
ing deep fascia will be defi ned as irregular dense connective tissue. 
Deep fascia is the dense connective tissue envelope (also composed 
primarily of collagen fi bers) that both connects and separates indi-
vidual muscles of the limbs and trunk. Individual muscles are sur-
rounded by a deep fascia. This deep fascia of individual muscles is 
continuous with the deep fascia that connects muscle to bone and 
with the deep fascia that ensheaths and separates groups of mus-
cles of similar location and function (e.g., anterior thigh muscles). 
The deep fasciae passing between muscle groups in the limbs are 

called intermuscular septa. The deep fasciae of muscle groups and 
intermuscular septa are, in turn, continuous with a tightly adher-
ing deep fascia that completely encircles all of the muscles of the 
limb, and, as will be mentioned again below, the deep fascia encas-
ing different regions of the body represents a mass of tissue that is 
everywhere continuous (Figs. 6.25–6.27).

At a basic anatomical level, these fasciae defi ne the individual 
muscles and muscle groups. For example, each of the muscles in 
the anterior compartment of the leg has its own investing fascia. 
The entire group is bounded laterally by a wall of fascia, the ante-
rior crural septum, medially by fascia that is continuous with the 
periosteum of the tibia, and anteriorly by the encasing deep fascia 
of the leg. As is typical, the blood and nervous supply to these 
muscles, as well as venous and lymphatic return, is principally con-
tained within this fascial compartment. These fasciae collectively 
defi ne the anterior compartment. More importantly, they enhance 
the extensor functions of the muscles, while simultaneously provid-
ing protection, support, and separation from other muscle groups. 
The fasciae defi ne the normal, healthy limit of the group; they tend 
to constrain destructive states and prevent the spread of bleeding, 
infection, tumor growth, etc. into adjacent compartments.

Fascial compartments also separate muscles of the trunk. The 
muscles of the anterior abdominal wall, for example, are easily 
divided into planes and groups by tough enveloping fascia. The 
external oblique, internal oblique, transversus abdominis, and rectus 
abdominis are delineable as a group and from one another not only 
by their attachments and orientations but also by the tight-fi tting 
sheets of fascia that enclose them. Planes of fascia are also found 
in the subcutaneous space, external to the deep fascia that bounds 

Figure 6-24 Diagrammatic representation of a transverse sec-
tion through the arm, illustrating the organization of superfi cial and 
deep fascia. Deep fascia divides the arm into compartments by way 
of intermuscular septa.

Figure 6-25 Transverse section through the arm. Neurovascular 
bundles are found between skeletal muscles in anterior and poste-
rior compartments.
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Figure 6-26 Transverse section through the back, illustrating the organization of deep fascia. The deep fascia 
serves to divide the back into compartments for muscles of similar function.

the surfaces of the muscles. Understanding the placement of these 
fasciae is important in a variety of medical and surgical settings.

Peripheral nerves, blood, and lymph vessels lie in loose con-
nective tissue fascia between muscles. This fascia serves to bind 
together these nerves and vessels and collectively the components 
form the neurovascular bundle (Fig. 6.25).

While fascia tends to separate and isolate groups of muscle of 
similar location and function, many of the layers of fascia, whether 
subcutaneous or investing, merge together and/or have common 
points of attachment. The fascia that separate and ensheathe 
the external and internal abdominal obliques merge posteriorly 
with the thick, connective tissue thoracolumbar fascia; they are 
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The subcutaneous fasciae are also continuous from one body 
region to another. The deep layer of superfi cial fascia of the abdo-
men (Scarpa fascia) defi nes a space that is more or less continuous 
from the fl ank onto the abdominal wall. It continues inferiorly into 
the perineum, where it is the superfi cial perineal space (bounded by 
Colles and dartos fascia, continuations of Scarpa fascia). Fluid or 
infection in the abdominal subcutaneous space can, thus, spread to 
the lumbar area or into the perineum.

The importance of the two-faceted aspect of fascia, that it at once 
not only separates and segregates but is also continuous structure to 

continuous upward, encasing and separating the erector spinae, the 
deep muscles of the back. Anteriorly, the fasciae of the abdominal 
muscles merge, split, and are refl ected to contribute to the inguinal 
anatomy and abdominal aponeurosis. These fasciae are continu-
ous with connective tissue sheets that fl ow over the crest of the 
pelvis and become the fascia lata of the thigh. The fascia of the 
thigh is continuous, in turn, with the crural fascia of the leg. As a 
consequence of the widespread continuity of fascia, distortion or 
damage to fascia in one area can have effects in a distant, seemingly 
unrelated area.

Figure 6-27 Transverse section through the neck, illustrating the organization of the deep fascia. The deep fascia 
divides the neck into muscular, visceral, and neurovascular compartments.
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or organs where, after release into the synaptic space, they are taken 
into the target tissue and there promote healthy function. These 
substances can be small molecules (e.g., amino acids), well-known 
neurotransmitters (acetylcholine or serotonin), and more complex 
molecules also associated with other physiologic functions (sub-
stance-P, calcitonin gene-related polypeptide, somatostatin, gluca-
gon, and vasoactive intestinal peptide are examples). Passing in the 
opposite direction, chemicals from the muscle or organ can cross 
the synapse, be taken up into the axon terminal, and be transported 
retrogradely to the neuron cell bodies where the chemicals can then 
alter basic neuronal function. Thus, a bidirectional communication 
is established fostering the exchange of information between the 
nervous system and the somatic and visceral tissues of the body.

As described above, individual peripheral nerves have specifi c 
segmental relationship to the CNS and, thence, to the entire body. 
The segmental origin of nerves is pertinent to three general targets 
of innervation: skin, muscles, and internal organs. The dermato-
mal (skin) innervation pattern is relatively straightforward. Pain or 
sensory loss over some specifi c dermatomal zone leads the physi-
cian to inferences about the integrity of restricted areas of the CNS 
or nerves near their origin. Innervation of the skin of the limbs 
becomes a bit more complicated because the sensory nerves from 
specifi c spinal cord segments are drawn together into specifi c cuta-
neous nerves that contain sensory fi bers from more than one seg-
ment. A specifi c peripheral nerve (e.g., the medial cutaneous nerve 
of the forearm) will contain fi bers from two or more segments (in 
this case C8 and T1), although those fi bers will distribute at their 
termination in the skin in a dermatomal pattern. Here, the notion 
is that the examining physician must have suffi cient understanding 
of anatomy to be able to differentiate sensory disturbances that 
arise in a particular peripheral nerve (peripheral neuropathy) as 
opposed to an entire segmental level as occurs in a radicolopathy.

The innervation pattern of muscles is particularly pertinent to 
osteopathic medicine because changes in the tone, texture, or func-
tion of a muscle may be related to the segmental source of nerve 
supply to that muscle. The innervation of muscles of the trunk is 
relatively simple and follows a pattern similar to that of the der-
matomes. Nerve fi bers to the muscles of the limbs, on the other 
hand, arise from the spinal cord and are woven through complex 
networks (the brachial plexus and lumbosacral plexus) that com-
bine fi bers from several spinal cord segments into motor nerves 
that typically serve functional groups of muscles. A physician must 
understand innervation of limb muscles well enough to reconstruct 
those nerve fi bers from their termination, through the plexus to 
their spinal cord origin. As with the sensory nerves, the goal for the 
physician is to be able to differentiate motor losses due to compro-
mise of a distal, peripheral nerve versus losses associated with lesion 
of one or more spinal cord segments or associated spinal nerves.

The internal viscera receive abundant autonomic nerve sup-
ply, and the sensory innervation to the internal viscera that sig-
nals functional status, distention, and pain typically accompanies 
the autonomic innervation to the target organ. The pattern by 
which this autonomic and sensory nerve supply arises from the 
spinal cord or brainstem and passes to target tissue is presented in 
Chapter 10, The Autonomic Nervous System. The key point to be 
made, however, is that because of developmental and maturational 
events, an organ in the adult may come to be relatively distant from 
its embryonic, segmental origin having pulled its nerve supply with 
it, however. Thus, changes in that organ will be sensed by nerve 
fi bers that report to the part of the developed neural tube (i.e., the 
spinal cord or brainstem) that was adjacent to its embryonic, seg-
mental origin. As a result, changes in a particular visceral organ 
may appear as pain to the body surface some distance from the 

structure and area to area, should not be overlooked. This pervasive 
connector (along with muscle and bone) helps to regionalize the 
body and also connects region to region. Such a dualism is apparent 
in many physical manifestations of both health and disease.

Arteries

Two structural entities, arteries and nerves, are important for the 
health and maintenance of any organ or area. Arteries supply nutri-
ents, oxygen, and a variety of immune and endocrine regulatory 
substances to the area of their distribution. Nerves provide ongoing 
neural control of skeletal and smooth muscle and glandular tissue 
as well as deliver trophic or regulatory factors to the muscles or 
organs that they innervate. The rule of supply illustrates a major 
source for maintenance of health or, conversely, origin of pathology 
when disrupted.

Few statements are more cogent than A.T. Still’s insightful 
dictum, “The rule of the artery is supreme.” An adequate blood 
supply during varying physiological conditions is a prerequisite for 
health of an organ or region. Conversely, compromise to the blood 
supply often leads to diminished functional capacity, cascading, 
in turn, toward disease. The osteopathic physician must work to 
ensure continued blood supply in the healthy state and, when treat-
ing injury or disease, should attempt to enhance arterial supply to 
affected regions. One important condition of compromise is bleed-
ing due to trauma or disease. The physician must have suffi cient 
understanding of anatomy to be able to halt hemorrhage quickly 
and subsequently restore adequate blood fl ow to ischemic areas. 
But the physician must also be able to recognize the clinical signs 
of ischemia due to blockage of arterial supply and work to relieve 
the blockage.

To optimize strategies that continue arterial supply (and vigor) 
in the healthy state, and to use appropriate therapeutic interven-
tions in disease or injury to restore adequate blood supply, a phy-
sician must have an accurate knowledge of the arterial supply to 
an area. Consistent with rule 1 above, it is not suffi cient simply 
to know the name of the artery that provides supply; rather, the 
passage of the arterial supply must be placed in the context of sur-
rounding muscles, bones, organs, lymphatics, fascia, etc.

One of the goals of an osteopathic approach to medical treat-
ment is, fi rst, to recognize which piece of surrounding tissue might 
be compressing an artery and, having visualized the mechanical 
impediment to blood fl ow, adopt appropriate therapies to relieve 
the compression and thereby restore normal fl ow. Similarly, the 
osteopathic physician works to recognize in the healthy individual 
those areas or organs that might be at risk for reduced blood fl ow 
caused by lifestyle, activities, posture, obesity, etc. and adopt a treat-
ment plan to maintain health in zones at risk.

Nerves

As do arteries, nerves also supply vital components to every portion 
of the body. First, nerves supply control; they are a major compo-
nent of the body’s homeostatic mechanisms. Nerve cell bodies in 
the CNS send nerve fi bers to control contraction of smooth (invol-
untary) muscles and skeletal (voluntary) muscles and to control 
secretion of glands. Nerves also provide sensory input; they convey 
either exteroceptive input concerning physical forces that impinge 
on the body or interoceptive feedback about the status of the inter-
nal milieu. Nerve fi bers also supply chemical materials from the 
CNS to the periphery and vice versa. Through the mechanism of 
axoplasmic transport, trophic (growth promoting) chemicals are 
manufactured in the neuron cell body and carried to target muscles 
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and indicate shunting of blood from the portal venous system to 
the vena caval system and may, thus, indicate blockage of venous 
drainage to the liver—so-called portal hypertension—that results 
when the liver is diseased.

The rule of venous drainage is to know by which veins an 
area is typically drained of blood, by what routes blood drains if 
the typical route is blocked, and where the veins lie relative to the 
surrounding structures. This knowledge can assist in designing a 
plan for restoration of normal function in a patient suffering with 
edematous conditions.

Arteries bring blood into tissue, in capillary beds a fi ltrate 
of plasma, ions, and proteins are extruded into the extracellular 
spaces. Although veins will absorb some of this fl uid, much pro-
tein is retained in the tissues. Removal of the protein is the job of 
the lymphatic system as will be discussed in Chapter 12 on the 
Lymphatic System.

Lymphatic channels are typically even more variable than veins 
in their gross morphology; knowing general patterns and spatial 
relations of lymph drainage is usually suffi cient. Although they 
are less well defi ned anatomically, they are important to under-
stand. As with venous return, selecting osteopathic approaches to 
treatment of edema assumes a working knowledge of the location 
of lymph channels and how to augment lymphatic fl ow. Lymph 
collects into blind-ended endothelial tubes in the periphery. These 
channels throughout the body merge into ever-larger channels, are 
fi ltered at predictable intervals by lymph nodes, and fi nally con-
verge on (usually) two large lymphatic ducts in the root of the neck. 
These two lymphatic ducts then empty into the venous system near 
the heart.

As the lymphatic system has no centrally located, intrinsic 
pump as that seen in the circulatory system, fl uid is moved from 
peripheral to central regions by osmotic pressure, skeletal muscular 
contractions, external pressure, pressure differences between the 
thorax and the abdomen, as well as by contraction of smooth mus-
cle surrounding the lymphatic collecting vessels. There are various 
techniques to increase lymphatic return. When using techniques of 
muscle contraction or applying local pressure or lymphatic pump 
mechanisms, one needs prerequisite knowledge of the anatomy of 
lymphatic fl ow.

In addition to returning extracellular fl uid to the general circu-
lation, the lymphatic system and the lymph nodes are often indica-
tors of disease. The lymphoid system houses important cells of the 
immune system. As a result of infection, lymphocytes proliferate 
and are sequestered in lymph nodes, where they attack pathogens 
(bacteria, viruses, etc.) in the lymph. Because of this important 
immune function, lymph nodes draining an infected area are often 
swollen and palpable.

Cancer in an organ will often metastasize to adjacent lymph 
nodes and will also cause node enlargement. It is crucial, therefore, 
that the examining physician understand the potential signifi cance 
of enlarged lymph nodes. For example, breast cancer may metas-
tasize to the lymph nodes on the lateral thoracic wall or in the 
axilla that drain lymph from the breast. Or, illustrating a less obvi-
ous anatomical relationship, an enlarged node above the clavicle in 
the root of the neck may indicate disease of the stomach. When 
enlarged lymph nodes are detected, the examining physician can 
use knowledge of the anatomical pattern by which lymph drains to 
infer the source of a disease process.

SUMMARY

The body, so often represented as a group of discrete regions or 
functional systems, is in reality an integrated whole. The integration 

organ. And, the painful or altered input from an organ can alter the 
somatic and autonomic outfl ow from that part of the spinal cord, 
too. For example, aberrant sensory feedback from a diseased organ 
can produce changes in muscle tonus or sympathetic function at a 
seemingly unrelated site. Conversely, painful sensory input from 
localized musculoskeletal misalignment may produce alteration in 
autonomic outfl ow from the related segmental zone of the spinal 
cord and may disturb function in an internal organ some distance 
away from that segment. In a very general way, internal organs map 
to the body surface and vice versa. The osteopathic physician must 
understand both the general segmental origin and the anatomical 
pathway by which autonomic nerve fi bers and the accompanying 
sensory nerve fi bers pass to the various internal organs and must 
be alert to the implications of pain and musculoskeletal changes as 
diagnostic clues and treatment options.

Nerves supply important functional and trophic control to 
all parts of the body. An important aspect of osteopathic medical 
practice is to recognize and treat conditions that alter nerve supply 
to a region or organ. The success of palpation and treatments in 
recognizing and relieving compression or irritation to nerves and 
the effectiveness of maintenance of nerve traffi c by healthy life-
styles depend directly on how well the physician understands the 
route that nerves take from their origin to their destination.

Veins and Lymphatics

While the arterial supply is the only means by which fl uid and 
blood cellular components are taken to an area, two pathways 
remove fl uids and blood cells from a region. The venous network 
collects the deoxygenated blood from the capillary bed; the lym-
phatic channels drain the relatively cell-free extracellular fl uid that 
accumulates outside the vascular system. Compromise to either of 
these return channels leads to edema in the affected area: more 
fl uid goes in than comes out.

To alleviate edema, the osteopathic physician may choose to 
use protocols to enhance venous and/or lymphatic return. The 
strategy selected depends, of course, on the medical condition of 
the patient as well as on a thorough knowledge of the anatomy of 
the venous and lymphatic systems. As with the arterial system, the 
knowledge of anatomy places venous and lymphatic channels into 
the context of surrounding organs, muscles, bones, fascia, etc., usu-
ally by appreciating those structures on the basis of subtle palpable 
or surface landmarks.

Peripheral venous channels tend to be somewhat variable, with 
considerable anastomoses. For general medical application, it is 
acceptable to understand the overall pattern of peripheral venous 
drainage and concentrate one’s effort on the larger, more predict-
able central veins. Understanding the anastomoses of peripheral 
venous channels is useful in the treatment of the venous system. 
For example, venous anastomoses offer therapeutic strategies for 
the physician as alternate routes of venous drainage are established. 
Understanding the routes of venous anastomoses is vital also to 
correctly diagnosing pathology as signifi cant venous blood fl ow 
through some anastomoses is unusual and may indicate a patho-
logical condition. Most venous blood from the gastrointestinal sys-
tem, for example, is drained through the portal venous system to 
the liver. But most of the blood from the lower half of the body wall 
and lower limbs drains into the inferior vena cava. There are some 
small, usually insignifi cant anastomoses between these two major 
venous channels. However, in disease states when large amounts of 
blood are shunted from the portal system to the caval system, these 
anastomotic vessels become enlarged. Internal anal hemorrhoids or 
esophageal varices are engorgements of these anastomotic vessels 
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system, but also the so-called side effect alterations brought about 
in distant, relatively healthy systems by the treatment.

Observe the obvious examples of body unity. Take time to 
appreciate the connected nature of the body. For didactic reasons, 
the body is traditionally disassembled into component parts or 
regions such as bones, muscles, vessels, nerves, thorax, gastrointes-
tinal system, or upper limb. Yet it is important to be able mentally 
to reconstruct the intact specimen. The fundamental idea of holis-
tic medicine is predicated on this.
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of the body region to region and system to system is accomplished 
by a series of connectors. Some of these connectors, the endocrine 
and immune systems, are more commonly included in the context 
of physiology, biochemistry, or immunology. The nervous system, 
the vascular system, and the lymphatics are also important con-
nectors, the structural components of which are part of anatomi-
cal disciplines. Finally, the visible connective tissues of the body, 
and particularly the fascia, are great physical connectors that bind 
organs or muscles into larger groups.

Coherent medical practice requires attention to the connected 
nature of the unifi ed human organism. Typically, one disturbing 
force (a localized injury, lesion, or infection) causes a cascade of 
altered structural and functional changes in other areas or systems. 
Similarly, the treatment of localized disease or injury must be not 
only localized but must also attempt to bring the whole organism 
into healthy equilibrium. Planned treatments must account for not 
only the effect of the treatment protocol on the target site or organ 
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The Fascial System of the Body
FRANK H. WILLARD, CHRISTIAN FOSSUM, AND PAUL R. STANDLEY

INTRODUCTION

Defi nition

Fascia is the connective tissue that unites all aspects of the body. 
While by defi nition it functions as packing tissue and organ sys-
tem cushioning (Clemente, 1985; Standring, 2008), its cellular 
composition suggests that it is also critical for metabolic activity 
and immune surveillance (Cormack, 1987; see Chapter 6). Unfor-
tunately, there is much confusion in the literature concerning the 
components of fascial, its architecture, and the distribution of fas-
cia within the body (see discussion in Fasel et al., 2007). At the 
time of this writing, there did not appear to be any publication 
in which fascia is treated as a defi nable organ system in the body. 
This poses a problem when trying to decide which tissues actually 
belong to fascia and which are really part of another organ sys-
tem such as a tendon, ligament, or joint capsule. Early writings 
described fascia in a broad sense as being everywhere interconnected
and serving a packing function (Anderson and Makins, 1890); 
however, more recent studies, performed to solve surgical issues, 
have taken a more fractionated approach (e.g., Garcia-Armengol et 
al., 2008). Gray’s Anatomy describes fascia as the “dissectable, fi brous 
connective tissue of the body, other than the specifi cally organized 
structures tendons, aponeuroses, and ligaments, are called fasciae” 
(Gray, 1948). This defi nition of fascia was introduced under C.M. 
Goss as editor of the American version of Gray’s Anatomy in 1948, 
and it was maintained by Clemente in the most recent edition 
(Clemente, 1985). This defi nition is relatively clear in its exclu-
sion of tendons, ligaments, and aponeurosis from the term fascia; 
it also goes on to describe the investing nature of most fascia pro-
viding a packing substance around muscles, tendon, ligaments, and 
aponeuroses as well as visceral organs. A similar defi nition of fas-
cia is offered in the English version of Gray’s Anatomy (Standring, 
2008), where fascia is also described as having collagenous fi bers 
that are generally interwoven as opposed to the parallel array of 
fi bers seen in tendons, ligaments, and aponeuroses. In this chapter, 
we will offer a slightly expanded defi nition of fascia as a system 
(a) complete with blood supply, fl uid drainage, and innervations 
and thus the largest organ system in the body, (b) composed 
of irregularly arranged fi brous elements of varying density, and 
(c) involved in tissue protection and healing of surrounding systems. 
As consistent with the defi nition in Gray’s Anatomy, tendons, liga-
ments, and aponeuroses are excluded from the term fascia based on 

their histological composition. We will then examine the cells and 
extracellular substance that constitute fascia. We will conclude with 
a discussion of the dynamics of fascia and its role in tissue repair.

Previous Studies of Fascia

In recent times, there has been a strong resurgence of interest in 
both basic and applied science research in fascia. Traditionally, the 
view has been that the fascias are inconsequential residues that 
are less important than the tissues with which they are associated 
(Benjamin, 2009). The term fascia, derived from Latin for band 
or bandage, emerged in its anatomical and medical usage in the 
16th and 18th centuries. The sometimes vague and inconsistent 
descriptions of fascia in anatomy and across languages resulted in 
the publication of two anatomy texts in the 1930s solely devoted 
to the anatomy of the fascial planes (Gallaudet, 1931; Singer, 
1935). Subsequently, based on developmental approaches involv-
ing studies of the sequential development of visceral changes 
as observed in closely graded series of human embryos, fetuses, 
newborn infants, and adults, a detailed investigation of the adult 
fascia was done (Hayes, 1950). It highlighted the process of 
development and organ migration producing different types of 
fascia in a predictable and confi rmable pattern, referring to it as 
migration fascia. It also described the fascia resulting from fusion 
of the primitive mesenteries as fusion fascia and the parietal fascia 
as intrinsic to the structures in the wall of the developing abdomi-
nopelvic cavity (Hayes, 1950). This was probably one of the fi rst 
attempts at linking embryological development and growth to 
the anatomy of the adult fascia. Innervation of the deep fascia 
in both human and animals in the form of nerve terminations 
consisting of free endings and simple small encapsulated end-
ings was described around the same time (Stilwell, 1956), and it 
was proposed that they may have a kinesthetic function as well 
as contributing to pain transmission. Based on such observations 
and experimentations, it became more obvious that the fascia, 
rather than being an inert structure, with a passive function, is 
a very active tissue playing an important role in the economy of 
the body, and in health and disease (Snyder, 1956). Despite the 
advancement in the anatomical knowledge of the fascia, some 
confusion still remains on the proper terminology. Efforts has 
been made in recent years to standardize anatomical terminology 
with the introduction and constant revision of the Nomina 

K E Y  C O N C E P T S
■ Fascial is a unitary body system with a function that can be described as supportive, protective and healing in 

nature.
■ Fascia is composed of irregular connective tissue that can have varying densities.
■ Four fundamental layers of fascia can be described: a layer of pannicular fascia covering the body, a denser layer 

of investing fascia surrounding the musculoskeletal system of the axial and appendicular body, a complex series of 
meningeal fascial layers surrounding the central nervous system and a fatty layer of visceral fascial surrounding the 
body cavities and organ systems.

■ Fascia has a dynamic aspect imparted by its cellular components especially the fibroblast and the myofibroblast

7
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fascial compartments, neurovascular bundles—which themselves 
are surrounded by irregular dense connective tissue fascial wrap-
pings—course along or through fascial planes that would other-
wise represent obstacles if composed of highly organized regularly 
arranged fi brous elements such as seen in a aponeurosis, tendon, 
ligament, or joint capsule. Lymphatic fl ow, which would be quickly 
interrupted if forced through tissue with precise boundaries, can 
fl ow easily through lymphatic vessels distributed in the irregular 
tissue of the fascial plane.

As with any other organ system, fascia has an innervation 
(see the section “Innervation of the Fascia”). As vessels course 
through fascial planes, they are typically accompanied by small-
caliber nerve fi bers. Some of these fi bers contain catecholamines 

Anatomica, but despite this, adequate descriptions of fascial structures 
from an anatomical point of view are still lacking (Ercoli et al., 
2005; Skandalakis et al., 2006).

Overview of Fascia

Tendons, ligaments, and joint capsules are generally composed of 
dense connective tissue with regularly arranged fi brous elements 
designed to meet specifi c functional requirements such as to resist 
pull, shear, or compressive stress in a given direction (Fig. 7.1). 
These elements typically have defi nable anatomical borders where 
tendons, ligaments, or joint capsules attach to surrounding struc-
tures. Conversely, by its very nature, fascia lacks this specifi city 
in design; it packs the spaces around organ systems and inter-
connects between systems seemingly without providing specifi c 
functions (Fig. 7.2). This lack of specifi city is best suited by an 
irregular arrangement of fi brous elements capable of resisting pull 
or stretch in multiple different directions. The irregular construc-
tion of fascial tissue also facilitates its continuity from one region 
of the body to another without forming the precise borders seen 
with such structures as tendons and ligaments of joint capsules. 
Thus, perimysium (fascia) is anatomically continuous with periten-
dium, which is anatomically continuous with perosteum on bone. 
All of these structures lack the well-defi ned border such as exists at 
a myotendonous border or an endthesis where muscle joins tendon 
and tendon joins bone, respectively.

The lack of precise borders seen in the fascial tissue allows 
it to form long planes spanning multiple organ systems or com-
partments surrounding one or more muscles. When entering 

A

B

C

Figure 7-2 Forms of connective tissue typically found in fascia. 
A. This is a loose connective (areolar) tissue spread demonstrating a 
fairly random arrangement of collagenous and elastic fi bers. (Taken 
from the University of New England, Histology Site.) B. This is a cross-
section taken through mesentery demonstrating a thin layer of dense, 
irregular collagenous fi bers underlying the mesothelium with a central 
core of adipose tissue surrounding several vessels and lymph nodes. 
Note the thickened tunica adventitia of the vessels. (Taken from the 
University of Michigan Histology Site.) C. This is a magnifi ed view of 
the mesentery border showing the thin layer of dense irregular col-
lagenous fi bers underlying the single cell layer of mesothelium.

A

B

Figure 7-1 Photomicrographs of dense, regular connective tissue 
as seen in (A) a tendon (B) a ligament.
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This layer gives rise to the investing fascia or epimysium of the 
axial muscles of the body and is continuous with the appendicular 
(investing) fascia in the extremity. As with the pannicular layer, the 
axial layer is subdivided; however, again in this chapter it will be 
treated as a primary layer. Internal to the axial fascia are two addi-
tional layers: the fi rst surrounds the neural structures and is termed 
meningeal fascia and the second surrounds all body cavities and is 
best termed visceral fascia. In considering the limbs, the pannicu-
lar layer extends outward covering the entire surface of the limb. 
Under the pannicular layer, a fascial layer of similar composition to 
the axial fascia is present surrounding the muscles of the extremity 
and can be termed appendicular fascia, it lies deep to the pannicular 
fascia and invests the appendicular muscles. Regional names often 
relate the fascia to a specifi c muscle such as deltoid fascia. Internal 
to the appendicular fascia is the intramuscular septum housing the 
neurovascular bundles; this septal layer is thought to be derived 
from developmentally the axial fascia at the base of the limb.

FOUR PRIMARY LAYERS OF FASCIA

Pannicular Fascia

The outermost layer is the pannicular fascia (reviewed in Clemente, 
1985). This superfi cial layer is derived from the somatic mesen-
chyme and surrounds the entire body with the exception of its 
orifi ces such as the orbits, nasal passages, and the oral and aboral 
openings. It is composed of both loose and dense irregular connec-
tive tissue with a highly variable fat content (Fig. 7.3). While the 
outermost portion of this layer is typically invaded by adipose tis-
sue, the inner portion is membranous in nature and generally very 
adherent to the outer portion except over the abdomen where the 
two can be easily separated by blunt dissection. The thickness of 
the pannicular layer is highly variable in the human population. In 
the region of the head and neck, humans have several thin muscles 
embedded in the pannicular fascia; these are the platysma (Fig. 7.4) 
and associated facial muscles innervated by the facial nerve. Pan-
nicular fascia covers both the axial and appendicular body.

and belong to the autonomic nervous system (Bevan et al., 1980; 
Burnstock, 1980), whereas others are somatic nerve fi bers (Stilwell, 
1956), many of which contain neuropeptides (Walsh and McWil-
liams, 2006) and belong to sensory systems (also see Chapter 15 
on Nociception). Endings from these fi bers have a basal release of 
catecholamine and neuropeptide into the vessel wall and surround-
ing tissue. These compounds exert control over the vasculature and 
determine, in part, the texture of the tissue and the traffi cking of 
white blood cells through the tissue.

Finally, like any other organ system of the body, fascia has 
defi nitive functions and capabilities. Most organ systems, including 
both musculoskeletal organs and visceral organs, are surrounded by 
a fascial capsule from which septae arise and penetrate into the 
organ often subdividing it into functionally distinct regions; this 
imparts fascia with a packing function as well as providing access 
routes for metabolic channels. In essence, fascia is acting as the 
skeleton for the specifi c organ system. As the body moves, so do 
its organs; to avoid friction and injury healthy fascia layers distort 
easily, tolerating stretch in multiple planes, and thereby provid-
ing a distensible cushion that allows organs to glide by each other 
while protecting more delicate fl uid channels. Supplying each 
organ will be one or more neurovascular bundles and numerous 
lymphatic drainage routes; each of these communicates with the 
organ through its fascial layers. Thus, fascia is providing a movable 
conduit through which the neurovascular lifeline for the metabolic 
activity of the organ system passes.

Generally, all layers of fascia are themselves supplied with a 
well-organized blood supply and fl uid drainage routes through 
venous and lymphatic channels (see Chapter 12 on Lymphatic 
System). Given the irregular arrangement of the fi brous nature of 
fascia, it is quick to initiate repair following injury and often will 
rapidly form a scar or callous. Thus, it plays an important role in 
wound healing and tissue repair. Although long thought to be rela-
tively motionless—one prominent textbook of histology defi nes 
fascia as “non-contractile connective tissue”—recent evidence is 
beginning to demonstrate a slow contractile nature to fascial tis-
sue. This contractile nature appears to be closely related the tissue 
repair process and will be discussed at the end of this chapter.

Architecture of Fascia

General Approach
Several attempts at describing the fascias of the body have been 
published (Benjamin, 2009; Gallaudet, 1931; Singer, 1935). 
Numerous discrepancies exist concerning which layers are consid-
ered fascia and how many subdivisions exist for each layer. Unfor-
tunately, the lack of a clear defi nition of fascia has prevented any 
resolution of such arguments (Fasel et al., 2007; Skandalakis et al., 
2006; Wendell-Smith, 1997). In this chapter, using irregular con-
nective tissue as a histological defi nition, we will describe a sys-
tem of four primary layers that cover the axial portion of the body. 
Modifi cation of this fundamental plan will allow accommodation 
of the limbs.

The four primary layers in the torso are arranged as a series of 
concentric tubes. Starting with the outermost layer of fascia, it is 
best termed the panniculus or panniculus adiposus: a term used by 
Singer (Singer, 1935) in his treatise on fascia and strongly urged 
for general usage by Last (Last, 1978) in his textbook. This is an 
overall layer of fascia that covers the entire body and is exposed by 
removing the epidermis and dermis. Although the pannicular layer 
can be subdivided into several additional layers regionally in the 
body, for the sake of this chapter it will be considered as a primary 
layer. Deep to the pannicular layer is the axial fascia of the torso. 

Figure 7-3 The pannicular layer of fascia. This is an anterior view 
of the thorax and abdomen of a male and a female cadaver. The 
body on the left is that of a 54-year-old male and on the right a 
54-year-old female. Both specimens have had the dermis removed 
to reveal the pannicular layer of fascia. (Used with permission from 
the Willard/Carreiro Collection.)
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region. The posterior tube of axial fascia surrounds the epaxial 
muscles and is attached to the transverse processes. At each level, 
the vertebral spinous process divides the epaxial fascial tube into 
two “half-tubes” (Fig. 7.5). The paraspinal muscles of the back are 
contained in the smaller “half-tube” of the epaxial fascia.

Axial fascia extends into the extremities as the intermuscular 
septum and the appedicular fascia investing individual muscles (Fig. 
7.6). The fascial sheath that surrounds the neurovascular bundles 
such as the brachial plexus and lumbosacral plexus extends outward 
to form the intermuscular septum in which branches of the neuro-
vascular bundle will course as they progress distally in the extremity.

The arrangement of fascias within the body wall is made very 
complex by the attachment of the limbs. The muscles of the upper 
extremity, such as the pectoralis, trapezius, serratus anterior, and latis-
simus dorsi muscles, form long wing-like expansions that wrap over 
the torso to attach to the midline of the body or to structures that 
ultimately attach to the midline such as the thoracolumbar fascia 
(Fig. 7.7). These extremity muscles pass internal to the panniculus of 
fascia and external to the axial fascia as they embrace the axial body 
wall. Each muscle is surrounded by a layer of investing or appen-
dicular fascia. The arrangement of these fascia sheets is visualized in 
the two dissections illustrated in Figures 7.8–7.12. In Figure 7.8, the 

A complex relationship exists where the extremities meet the 
axial portion of the body. The muscles of the upper extremity form 
a hood that extends medially from the humerus and scapula, cours-
ing deep to the pannicular fascia to reach their attachments on or 
near the midline. Each muscle is surrounded by appendicular fascia 
(also termed deep investing fascia of the muscle). The appendicular 
muscles and their associated fascia pass between the pannicular 
layer and the axial fascia layers until they can make an attachment. 
Therefore, these large wing-shaped muscles, such as the trapezius, 
latissimus dorsi, rhomboideus, and pertoralis muscles, have to reach 
to the spinous process on the posterior midline or the sternum or 
ribs anteriorly for their attachment to the torso.

Axial and Appendicular Fascia

Internal to the pannicular layer is the axial or investing fascia 
(deep fascia as described in Clemente, 1985); it is also derived from 
somatic mesenchyme and is fused to the panniculus peripherally 
and extends deep into the body surrounding the hypaxial and 
epaxial muscles (see the chapter on Anatomy). This layer forms 
the epimysium of skeletal muscle, the periosteum of bone, and the 
peritendon of the tendons. The axial layer can be depicted as two 
tubes of fascia separated centrally by the vertebral column (noto-
chord in the embryo; Fig. 7.5): the anterior tube surrounds the 
hypaxial muscles and attaches to the vertebral column at the trans-
verse process. The hypaxial muscles include the longus and scalene 
muscles in the cervical region, the intercostals muscles in the tho-
racic region and the oblique and rectus muscles in the abdominal 

Figure 7-4 This is an anterior view of the upper thorax and neck 
illustrating the platysma, a pannicular muscle, embedded in the 
pannicular fascia and separated from the underlying muscles. The 
deltoid and pectoral muscles are extremity muscles and are nor-
mally embedded in fascia derived from the extremity. The invest-
ing fascia of the extremity has been cleaned off of the deltoid and 
pectoral muscles. (Used with permission from the Willard/Carreiro 
Collection.)

A

C

B

Axial Fascial Columns

Hypaxial Muscle
Compartment

Epaxial Muscle
Compartment

Extremity Muscles with
Appendicular Fascia Hypaxial Fascia & Muscles

Extremity Muscles with
Appendicular Fascia

Epaxial Fascia & Muscles

Figure 7-5 This is an axial plane spiral CT taken through a male 
thorax. The white outline surrounding the axial muscles—hypaxial 
and epaxial—marks the course of the axial fascia. (Used with per-
mission from the Willard/Carreiro Collection.)
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axial investing fascia of the intercostals muscles, the pectoral major and 
serratus anterior muscles and their investing appendicular fascia must 
be removed (Fig. 7.11). In this fi gure, the pectoralis major and serratus 
anterior muscles have been removed to expose the intercostals muscles 
and their thin layer of investing axial fascia (note that the pectoralis 
minor muscle is still attached). Finally, Figure 7.12 shows the exposed 
intercostals muscles by carefully dissecting away all axial fascia.

Meningeal Fascia

The third fascial layer is meningeal fascia, which surrounds the 
nervous system (Fig. 7.13). This layer, including the dura and the 
underlying leptomeninges, derives from the primitive meninx that 
surrounds the embryonic nervous system. Specifi cally the spinal 
meninges is most likely derived from the somatic mesoderm, while 
the brainstem meninges arises from cephalic mesoderm and the 
telecephalic meninges from the neural crest (Catala, 1998). Men-
ingeal fascia terminates with the development of the epineurium 
that surrounds the peripheral nerve.

Visceral Fascia

The fourth fascial layer is visceral fascia and is by far the most com-
plex of the four main layers of fascia. Embryologically, this layer 
of fascia is derived from the splanchnic tissue and thus surrounds 
the body cavities—pleural, pericardial, and peritoneal. The visceral 
layer follows the visceral pleura and peritoneum and provides the 
conduit for neurovascular bundles entering the visceral organs as 
well as a drainage route out of the organ. On the midline of the 
body, the visceral fascia forms a thickened mediastium that extends 
from the cranial base into the pelvic cavity (Fig. 7.12).

epidermis and dermis have been removed to expose the underlying 
pannicular fascia. An elongated rectangular window (outline) was 
opened into the pannicular fascia to expose the investing fascia 
(appendicular fascia) of the pectoral muscles. In Figure 7.9 the win-
dow was enlarged and divided into two portions, the medial portion 
still has appendicular fascia covering the muscle, but in the lateral 
portion the investing appendicular fascia has been removed to expose 
the pectoralis muscle. With the inferolateral border of the pectoral 
muscle elevated (Fig. 7.10), the investing (appendicular) fascia sepa-
rates it from the serratus anterior can be visualized. To expose the 

Figure 7-6 The fascia surrounding 
the neurovascular bundle in the axial 
portion of the body extends out-
ward into the extremity. (Taken from 
L. H. Mathers, R. A. Chase, J. Dolph, 
E. F. Glasgow, and J. A. Gosling. 
Clinical Anatomy Principles, St Louis:
Mosby, 1996.)

Figure 7-7 Wing-like arrangement of the trapezius and latissimus 
dorsi. (Used with permission from the Willard/Carreiro Collection.)
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Figure 7-8 This is a photograph of a male with the epidermis and 
dermis removed to expose the pannicular fascia on the chest wall. 
A vertical window has been cut in the pannicular fascia to expose 
the underlying appendicular fascia. (Used with permission from the 
Willard/Carreiro Collection.)

bronchi, and the thoracic duct. This matrix is very loose to allow 
distension of the esophagus upon swallowing. No signifi cant con-
densations of fascia are present in this region. Finally, visceral fascia 
surrounds the bronchi as they pass through the root of the lung; 
this fascia becomes continuous with the stroma of the airways.

Visceral fascia also accompanies the esophagus into the abdomi-
nal cavity. Here, the visceral layer spreads outward to surround the 
peritoneum where it is termed endoabdominal fascia posteriorly and 
transversalis fascia anteriorly. The endoabdominal fascia thickens sig-
nifi cantly along the posterior midline and forms a column analogous 
to the mediastinum of the thoracic (Fig. 7.16). As in the thorax, the 
abdominal mediastinum contains the major vascular and neural chan-
nels. Extensions of the abdominal mediastinal fascia pass into the 
mesogastrium, mesentery and mesocolon to reach the visceral organs 
of the abdomen. It is along this pathway that the blood supply, inner-
vation, and lymphatic channels reach the peritoneal organs. This situ-
ation is remarkably similar to that seen with the mediastinum of the 
thorax, the root of the lung, and the lung tissue. The endoabdominal 
(visceral) fascia is especially thick surrounding the kidneys where it 
forms a perirenal fat pad termed Gerota’s fascia (Fig. 7.17).

In the pelvic basin, the endoabdominal fascia becomes continu-
ous with the endopelvic fascia, which then surrounds the inferior 
region of the peritoneum. The inferior border of the endopelvic 

In the cranial region, visceral fascia surrounds the pharynx and 
its attachment to the cranial base. Superiorly, visceral fascia includes 
the pharyngobasalar and pharyngobuccal fascia and, as such, fuses 
to the cranial base surrounding the attachments of the superior 
constrictor muscles (Last, 1978). Cervical visceral fascia extends 
inferiorly into the neck surrounding the nasopharynx, orophaynx, 
and remaining cervical viscera. Thus, at the cranial base, cervical 
fascia has a fl ared opening surrounding the nasal passageways and 
the mouth (Fig. 7.14, Sections 22 and 46)

In the neck, visceral fascia incorporates such regional fascias as 
pretracheal, retropharyngeal, and alar (carotid sheath) fascias as well 
as the fascia surrounding the thyroid cartilage and thyroid gland (Fig. 
7.14, Section 66 and 86). Thus, visceral fascia can be conceived of as 
a continuous vertical sleeve lying internal to the hyoid muscles, ante-
rior to the longus muscles and extending into the thorax (Fig. 7.15).

Upon entering the thorax, the visceral fascia is forced to accom-
modate the two pleural cavities; this it does by fl attening on to 
the thoracic wall where it is termed endothoracic fascia. Centrally, 
visceral fascia expands in bulk and forms the packing substance of 
the mediastinum (Fig. 7.-15). In the mediastinum, visceral fascia 
surrounds the great vessels of the heart and thickens to become the 
fi brous pericardium anteriorly. Posteriorly, the visceral fascia forms 
a loose matrix surrounding the aorta, esophagus, trachea, primary 

Figure 7-9 The fascia of the anterior chest wall. A window has been 
cut in the pannicular fascia on the left side of the window the appen-
dicular fascia investing the pectoralis major is seen. On the right side 
of the window this fascia has been removed to demonstrate the mus-
cle. (Used with permission from the Willard/Carreiro Collection.)
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and lymphatic bundles as they radiate outward from the thoracic, 
abdominal, and pelvic mediastinum to reach the specifi c organs.

Visceral Ligaments

A note here is necessary concerning the used of the word ligament 
when referring to structures found in the body cavity. Visceral 
ligaments are in no sense of the word similar to the ligaments 
seen in somatic body parts. Ligaments in the somatic portion of 
the body are structures that join bone to bone and are composed 
of dense, regular connective tissue, which itself is surrounded by 
a thin periligamentum of investing fascia, typically part of the 
axial or appendicular fascia. The word ligament used for structures 
found in body cavities such as pulmonary ligaments, Trietz liga-
ment, transverse cervical ligament or broad ligament refers to a 
loose condensation of visceral fascia (irregular connective tissue of 
varying density) in some cases surrounded by a thin serous mem-
brane. Visceral ligaments generally cannot bear as much strain as 
somatic ligaments nor are they as clearly defi ned on dissection. 
Unlike ligaments in somatic tissue, visceral ligaments typically 
function to carry blood supply and innervations to an organ sys-
tem or to loosely anchor an organ in the body cavity. Visceral 

fascia is the pelvic diaphragm composed of the levator ani and 
coccygeus muscles. Inferior to the pelvic diaphragm is the ischorectal 
(ischoanal) fossa; it is packed with pannicular fascia (Fig. 7.18). The 
anterior and inferior border of the endopevic fascia fi lls the retropubic 
space surrounding the base of the urinary bladder. As in the thorax 
and abdomen, the endopelvic fascia thickens on the midline where 
it again forms a mediastinum surrounding the rectum, reproductive 
organs, and urinary bladder. Similar to the mediastinum in the tho-
rax and abdomen, the endopelvic fascia serves as a conduit through 
which the major organ systems in the pelvic basin receive their blood 
supply and innervations as well as their lymphatic drainage. In the 
female, extensions of the pelvic mediastinal component of the visceral 
fascia form the core of the broad ligament and condensations of this 
visceral fascia form the transverse cervical ligament of the uterus.

In summary, visceral fascia can be traced from the cranial base 
into the pelvic cavity. It forms the packing surrounding the body 
cavities where it is compressed against the somatic body wall. It also 
forms the packing around visceral organs, many of which it reaches 
by passing along the suspensory ligaments such as the mesen-
taries. This fascia also functions as a conduit for the neurovascular 

Figure 7-11 The pectoralis major muscle has been removed 
exposing the underlying axial fascia that surrounds the sternum, 
ribs, and intercostal muscles. The pectoralis minor is still in place 
on this female specimen. (Used with permission from the Willard/
Carreiro Collection.)

Figure 7-10 The fascia of the anterior chest wall. A window has 
been cut in the pannicular fascia as described in fi gure 7-9. The inf-
erolateral border of the pectoralis major muscle has been elevated 
to reveal the investing appendicular fascia separating this muscle 
from the underlying anterior serratus. (Used with permission from 
the Willard/Carreiro Collection.)
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Figure 7-12 The axial fascia has been removed to expose the 
sternum, ribs, and intercostal muscles. (Used with permission from 
the Willard/Carreiro Collection.)

bicipital aponeuroses, and the crural fascia (Palmieri et al., 1986; 
Sanchis-Alfonso and Rosello-Sastre, 2000; Staubesand and Li, 
1996; Stecco et al., 2006, 2007; Stilwell, 1957; Tanaka and Ito, 1977; 
Yahia et al., 1992). These nerve endings are particularly numerous 
around vessels, but are also distributed homogeneously throughout 
the fi brous components of the fascia (Stecco et al., 2008). Besides 
the identifi ed Ruffi ni, Pacini, and Golgi-Mazzoni corpuscles and 
their possible proprioceptive role (Schleip, 2003a; Stecco et al., 
2007; Yahia et al., 1992), some of the nerve fi bers associated with 
the fascia are adrenergic and likely to be involved in controlling 
local blood fl ow (Benjamin, 2009). This is supported by reports 
that when intrafascial nerve fi bers were subjected to morphologi-
cal evaluation, they exhibited characteristics typical of autonomic 
nerve fi bers (Stecco et al., 2008).

As for the proposed proprioceptive role, the fascia should be 
considered in close association with its related muscles. When 

ligaments also need to be distinguished from fi brotic adhesions 
that typically develop secondary to irritation and infl ammation.

Adhesions

Fibrotic adhesions derive from areas of chronic infl ammation 
(Wynn, 2008). Activated immune cells release cytokines that stim-
ulate fi brocytes to generate additional collagen during the repair 
process (some of the mechanisms involved in this process will be 
described in a later section of this chapter). The collagen laid down 
is irregular in arrangement and is thus similar to fascia in its con-
struction. When excessive, these bands of increased collagen can 
form adhesions that can reach pathological proportions. Adhesions 
can occur in any region of the body either visceral or somatic. In 
the abdomen and pelvis, adhesions can envelope the tubular bowel 
and be strong enough to obstruct movement within its lumen or 
interfere with reproductive organ functions. Similarly, adhesions 
forming in and around synovial sheaths in the carpal tunnel can 
interfere with movement of the digital fl exor tendons.

Innervation of the Fascia

It has been proposed that the fascia plays an important role in 
musculoskeletal biomechanics, peripheral motor coordination, 
proprioception, regulation of posture and as a potential pain gen-
erator (Langevin, 2008; Langevin and Sherman, 2007; Stecco 
et al., 2007). Central to these roles is the innervation and the 
cellular-mediated contractility of the fascia. Reports suggest that 
the fascia is richly innervated, and abundant free and encapsulated 
nerve endings have been described at a number of anatomical sites 
(Benjamin, 2009). These include the thoracolumbar fascia, the 

Figure 7-13 The paraspinal muscles have been removed and a 
total laminectomy preformed to expose the spinal dural sac. In addi-
tion, the occipital bone was removed to demonstrate the cranial 
dura. (Used with permission from the Willard/Carreiro Collection.)
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have the ability of becoming nociceptors (Stecco et al., 2007). It 
has also been suggested that manual loading of fascia as in vari-
ous manual medicine modalities may cause changes through 
activation of these receptors (Lundon, 2007; Schleip, 2003a,b). 
Despite the recent advances in knowledge concerning the innerva-
tion of the fascia, our understanding of it is still very incomplete 
(Benjamin, 2009).

COMPONENTS OF FASCIA

Fascia is composed connective tissue with varying densities of 
irregularly arranged collagenous fi ber. As such, the components 
of fascia are the items typically found in irregular connective 
tissue.

Cellular Elements

Fibroblasts
Fascia supports connective, biochemical, and biophysical 
associations between itself and underlying muscles, bones, and 
organs. Fibroblasts are the principal cell type of fascia; they syn-
thesize and secrete cytokines (e.g., interleukins [ILs], interfer-
ons, growth factors, etc.) as well as connective tissue extracellular 
matrix proteins (ECMPs) such as collagen, fi bronectin, and others 
(Fig. 7.19). Fibroblasts also secrete and maintain connective tissue 
ground substance containing glycosaminoglycans, proteoglycans, 
hyaluronic acid, and glycoproteins. This ground substance pro-
vides the medium through which exchange of molecules between 

muscles contract, their tension is transmitted to the fascia causing 
traction of it, possibly activating nerve terminals embedded 
in the fascia (Stecco et al., 2007, 2008). The degree of innerva-
tion may also change in patients with chronic pain, as described 
in thoracolumbar fascia in patients with back pain (Bednar 
et al., 1995). Following excessive stimulation, or when the mecha-
noreceptors are stretched beyond their physiological limit, they 

Figure 7-15 The mediastinum: visceral fascia. In A, the esophagus, 
vagus nerve and aorta are still embedded in the visceral fascia while 
in B, the visceral fascia has been removed to expose these organs. 
(Used with permission from the Willard/Carreiro Collection.)

Figure 7-14 Cervical Visceral Fascia. These images are 
a series of four cervical CT sections from one individual 
with the visceral fascia indicated by shading. This fascia 
begins as a fl ared opening (section 22 and 46) attached 
to the cranial base and consolidates into a continuous 
column of irregular connective tissue as it descends 
through the neck (sections 66 and 86).
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Figure 7-17 The perirenal fascia. The perirenal pad of fat and fas-
cia has been outlined and faintly shaded.

Figure 7-16 This is a series of four axial plane CT scans 
taken through the thorax, abdomen and pelvis of a 
patient. The visceral fascia has been outlined and faintly 
shade in each image.

blood, lymph, and tissue cells takes place thereby making fi broblast 
secretions deliverable both locally and systemically.

The shape of the fi broblast is dependent on the environment 
with which it is located; elongate or fusiform cell shapes are seen 
when the cell is at rest such as occurs in mature connective tissue 

where the cell is typically entangled in thick bundle of collagen 
fi bers. The stellate cell shape is seen when fi broblasts are grown in 
tissue culture or are present in either immature or healing tissue or 
in a fi brotic tissue (Rhee and Grinnell, 2007). Fibroblast shape is 
also sensitive to the tension in the tissue; in the quiescent state, cells 
have spindle shapes with long dendritic process; however, when 
mechanically stressed, these cells round up becoming stellate in 
shape (Grinnell et al., 2003; Langevin et al., 2005).

Some fi broblasts are of mesenchymal origin, similar to osteo-
cytes and chondrocytes; however, other fi broblasts, particularly 
those found in the connective tissue layers of visceral organs such 
as lung, liver, and kidney, arise from a process of transformation 

Figure 7-18 The fascias of the pelvis. The levator ani separates the 
endopelvic fascia (lighter shading) that surrounds the pelvic viscera 
from the pannicular fascia of the ischiorectral fossa (darker shading). 
(Used with permission from the Willard/Carreiro Collection.)
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fi broblasts are capable of both mechanoreception (responsive to 
tension) and chemoreception (responsive to growth factors).

Fibroblasts exist in the extracellular matrix of the fascia. A pri-
mary role of the fascia and its ECMPs is to endow cells and tis-
sues with their specifi c mechanical and physiochemical properties. 
As such, the extracellular matrix represents a three-dimensional 
scaffolding that supports cellular adhesion and tissue-specifi c func-
tions. Since imposed mechanical loads physically affect the fascia, 
it plays important simultaneous roles of force sensor as well as a 
transmitter of force input generated by muscle contractions and 
by external forces including osteopathic manipulative techniques 
(OMTs). Fibroblasts can detect the change in tension and gener-
ate an adaptive response, which can involve contraction and the 
secretion of large quantities of collagen. Thus, fascia itself may also 
be capable of smooth muscle-like contractions, thereby infl uencing 
underlying musculoskeletal dynamics and displaying the existence 
of true (i.e., skeletal muscle-independent) fascial tone (Hinz et al., 
2004; Schleip et al., 2005). Osteopathic Manipulative Techniques 
are hypothesized to mediate corrections of such fascial hyperto-
nicity and/or abnormal tissue collagen crosslinking (Gupta et al., 
1998) which may occur postinjury or during prolonged immo-
bilization. Therefore, due to their location within the traffi cking 
ground substance, their ability to secrete ECMPs and mediators of 
pain and infl ammation, and the ability to generate and transduce 
force input, fi broblasts have been thought to be uniquely poised 
to be targets of soft tissue injuries, myofascial release, and other 
Osteopathic Manipulative Techniques (Eagan et al., 2007; Meltzer 
and Standley, 2007).

Along with changing tension, fi broblasts also respond to growth 
factors and infl ammatory substances secreted into the matrix from 
epithelial cells, mast cells, macrophages, and lymphocytes. Numer-
ous cell types found in connective tissue, such as macrophages, 
mast cell, epithelial cells, and fi broblasts, produce transforming 
growth factor-beta (TGF-b) (Laurent et al., 2007). Similar to 
physical stress, activation of fi broblasts by TGF-b or infl ammatory 
compounds leads to the expression of as many as 150 genes (Lau-
rent et al., 2007). An end result of this process is the production of 
collagen and differentiation of the fi broblast into a myofi broblast 
with focal cellular adhesions to the matrix and a contractile ability 
(see the section “Myofi broblasts”).

Fibroblasts form a distinct network in connective tissue. The 
long thin processes of the cell make contact with those of other 
fi broblasts creating a three-dimensional network within the tissue. 
Control of the formation of dendritic processes and their coupling 
with other fi broblast processes appears to lie with the balance of 
growth factors in the tissue. These factors, such as platelet-derived 
growth factor and lysophosphotidic acid, act on the fi broblast 
through a family of small g-proteins involving Rho and Rac 
(Grinnell et al., 2003). The gap junction protein, connexin 43, has 
been detected at points where fi broblast process make contact, yet, 
to date, gap junctions, as seen with electron microscopy, have not 
been visualized at these points of contact between fi broblast pro-
cesses. However, the presence of the connexin protein on these 
processes raises the interesting possibility that the fi broblasts have 
an interconnected communications network throughout connec-
tive tissue that functions through the membrane-bound connexin 
proteins. The concept of an interconnected cellular network among 
fi broblasts would not be out of context since similar networks are 
seen between mature osteocytes (mesenchymal-derived cells) 
located in bone as well as between fi broblasts located around bun-
dles of collagen fi bers in tendons. In both bone and tendon, these 
cellular networks function to detect mechanical stress and orches-
trate an adaptive response by the tissue (Banes et al., 1995).

from epithelial cells (Neilson, 2006). This metamorphosis occurs 
through a process termed Epithelial-Mesenchymal Transition, 
which allows the polarized cells located in a sheet of epithelium 
to transition into highly motile cells inside the connective tissue 
matrix (Yang and Weinberg, 2008). The formation of fi broblasts 
from epithelial cells is currently thought to be a signifi cant event 
in normal developmental processes as well as play a critical role 
in such pathological processes as tissue repair, fi brosis, and onco-
genesis (Thiery et al., 2009). Regardless of their origin, fi broblasts 
are charged with maintenance of homeostasis in the matrix of the 
connective tissue through the production and remodeling of both 
fi bers and the extracellular matrix (Laurent et al., 2007). Part of 
this task also involves monitoring and maintaining the appropriate 
degree of tension in the connective tissues (Grinnell et al., 2003; 
Tomasek et al., 2002) and the chemical quality of the tissue. Thus 
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Figure 7-19 Histological sections of loose connective tissue dem-
onstrating the fi brous and cellular components. (Figure A taken 
from Kelley DE, Wood RL, Enders AC. Bailey’s Textbook of Micro-
scopic Anatomy. Baltimore, MD: Williams & Wilkins, 1984; Figure 
B taken from Cormack DH. Ham’s Histology. Philadelphia, PA: J.B. 
Lippincott Co., 1987.)
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of myosin light chain phosphatase (Tomasek et al., 2006). If this 
occurs throughout the fascia, then the hypothesis that fascia is 
capable of contraction may have its origin in the recruitment and/
or differentiation of fi broblasts to myofi broblasts (Schleip et al., 
2005). Since myofi broblasts express gap junctions, cell: cell com-
munication is facilitated and potential syncitial behavior, such as 
coordinated contraction of large sheets of myofi broblasts (Gabbiani 
et al., 1971) lends further support that fascia has the capacity for 
myofascial-mediated contraction that is propagated and reinforced 
cell to cell.

Macrophages
Several types of cells typically found in connective tissue appear to 
have the ability to activate fi broblasts, enhance fi brosis, and most 
likely increase the transformation of these cells into myofi broblasts. 
The fi rst of these cell types is the fi xed macrophage or histiocyte 
(Fig. 7.14); these cells represent the major link between the fascia 
system and the immune system. Macrophages are derived from 
circulating monocytes that have migrated into the tissue. Once in 
the tissue, monocytes differentiate into one of three main lineages: 
tissue macrophages (histiocytes such as is seen in fascia, Kuppfer 
cells in the liver, and microglia in the central nervous sys-
tem), myeloid dendritic cells such as is found in the skin and 
gut lining, or osteoclasts in bone. Cellular debris or proinfl am-
matory cytokines in the surrounding extracellular matrix acti-
vate tissue macrophages. Activation increases macrophage 
phagocytic capabilities and their secretory activity, producing 
additional cytokines. Taken together, macrophages and mono-
cytes are the largest producer of tumor necrosis factor-a (TNF-a) 
(Papadakis and Targan, 2000). In addition, activated macrophages 
express more class II MHC molecules and are more potent anti-
gen-presenting cells than resting macrophages. Migration of 
additional macrophages into injured tissue is further enhanced by 
proinfl ammatory substances. Importantly, activated tissue mac-
rophages release TGF-b1, which promotes the proliferation and 
differentiation of collagen-producing cells such as fi broblasts and 
myofi broblasts (Kisseleva and Brenner, 2008). These processes pre-
dispose to increased fi brosis and scar or adhesion formation.

Mast Cells
Scattered throughout connective tissue and typically associated 
with neurovascular bundles are histamine-containing mast cells. 
The precursors of these histamine-containing cells are generated by 
hematopoietic stem cells in bone marrow. Contrary to histamine-
containing basophils, the precursors of the mast cells enter the cir-
culation in an immature form and do not complete their maturation 
until they enter the peripheral tissue. Mast cells are heterogeneous 
with at least two populations identifi able by staining, one group 
contains trypase and favors visceral organs in their distribution and 
the other group contains multiple protease enzymes and is more 
often found in connective tissue such as dermis. Commonly associ-
ated with the response to parasite invasion, mast cells are known 
to have other functions in connective tissue as well. These granule-
laden cells are capable of phagocytosis and the production of proin-
fl amatory cytokines. Mast cells express FceRI, a receptor that binds 
the Fc portion of the IgE antibody. When IgE binds to the cell, a 
degranulation process is initiated resulting in the release of a host 
of biologically active agents such as histamine, heparin, chondroi-
tin sulfates, neutral proteases (trypase), acid hydrolases, capthepsin 
G, and carboxypeptidase (Galli, 1993). The location of the mast 
cell in connective tissue facilitates the delivery of its active agents 
to fi broblasts. Connective tissue mast cells have been identifi ed as 
carrying prefabricated stores of TNF-a, a potent proinfl ammatory 

Myofi broblasts
Myofi broblasts are differentiated fi broblasts that share many cellular 
and biochemical similarities with smooth muscle cells. These cells 
can arise from fi broblasts in connective tissue (Fig. 7.21); however, 
they also can be derived from epithelial cells or endothelial cells 
through a transformation process. In addition, a circulating fi bro-
blast like-bone marrow stem cell capable of forming myofi broblasts 
has been described (Wynn, 2008) and in liver, stellate cells along 
the margins of the sinusoids transform into myofi broblasts.

Histochemically, myofi broblasts express a number of specifi c 
markers used to differentiate them from undifferentiated fi bro-
blasts. These include alpha smooth muscle actin (aSMA), cad-
herin II (Ehrlich et al., 2006), and paladin 4lg (Ronty et al., 2006). 
In some tissues, myofi broblasts play longstanding resident roles 
of support and immunology. For example, myofi broblasts nor-
mally function to maintain and regulate shape of crypts and villi 
in the alimentary tract but can also act as stem cells and as atypi-
cal antigen-presenting cells. They lend structural support to tissues 
and perform paracrine/endocrine functions. In most other tissues, 
myofi broblasts exist in the short term to facilitate wound healing. 
After injury, myofi broblasts resemble many aspects of a smooth 
muscle cell and, when activated, migrate to sites of damaged tissues 
and synthesize cytokines and ECMPs to facilitate healing (Hinz, 
2007). Signals for fi broblast to myofi broblast differentiation include 
biomechanical strain and a variety of cytokines, most notably 
TGF-b (Fig. 7.20). In response to mechanical strain, fi broblasts 
acquire contractile stress fi bers (Werner and Grose, 2003) com-
posed of cytoplasmic actins. At this stage, a unique phenotype, 
the protomyofi broblast, appears to exist. These cells begin the pro-
cess connecting to ECMPs via stress fi bers and to other cells via 
N-cadherin-type adherens junctions (Hinz et al., 2004). Normally, at 
the conclusion of tissue repair, the reconstructed ECMPs (produced 
by matured myofi broblasts) take over the mechanical load, leading 
to the lack of further need for resident myofi broblasts (Tomasek 
et al., 2002). Increased interstitial fl uid fl ow increases fi broblast to 
myofi broblast differentiation, collagen production, and alignment 
and fi broblast proliferation. These observations lead to the specu-
lation that enhanced lymphatic drainage may play a role in fi bro-
genesis and fascial repair by promoting interstitial fl uid fl ow (Hinz 
et al., 2004). Expression of aSMA allows for signifi cant contractile 
ability (Hinz et al., 2001). This process appears to be irreversible and 
be regulated at the level of Rho/Rho kinase-mediated inhibition 

Figure 7-20 The stages in the transformation of a fi broblast into 
a myofi broblast.
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synthesis. Minerals such as calcium and hormones such as estrogen 
enhance collagen synthesis, while parathyroid hormone decreases 
collagen synthesis (Kavitha and Thampan, 2008).

Elastic Fibers
Similar to collagen, elastin is a water-insoluble protein molecule, 
derived from tropoelastin. This precursor protein is synthesized 
in the cell and assembled into fi brils in the extracellular matrix. 
However, unlike collagen, tropoelastin is an amorphous substance 
and an additional molecule, a microfi bril, has to be produced and 
secreted in order for elastic fi bers to form. The microfi bril acts as 
scaffolding into which the tropoelastin molecules are placed.

Elastic fi bers are distensible and will rebound when released 
from a stressor; thus, as the percentage of elastin increases, the con-
nective tissue becomes more resilient. Examples include the liga-
mentum fl avum in the spine and the elastic layers present in the 
larger arteries.

Laminin and Fibronectin
To maintain healthy and responsive connective tissue, there must be 
a mechanism for linking its cellular components to the surrounding 
environment. This involves several glycoprotein molecules of which 
laminin and fi bronectin are key representative examples. These 
molecules function, in part, to link the cytoskeleton of the cell to 
the fi brous skeleton—collagenous and elastic—of the surround-
ing connective tissue. Laminin and fi bronectin are secreted from 
fi brocytes and bind with integrins (adhesion molecules) located on 
the membranes of cells as well as to matrix components such as 
collagen, fi brin, and heparin sulfate proteoglycons. In this man-
ner, the cell attaches to the surrounding extracellular matrix and 
the resulting complex determines cell shape and facilitates cell 
migration through the matrix as well as enhancing the cells’ respon-
siveness to stressors within the matrix.

Integrins initiate cell signaling processes leading to changes 
in cell function (Schwartz and DeSimone, 2008). Thus, integrins, 
by transmitting force across the cell membrane, represent a major 

compound that stimulates fi broblasts and results in fi brosis (Galli, 
1993). Mast cell have been reported in increased numbers in tissue 
undergoing fi brosis (Metcalfe et al., 1997), but their role in tissue 
healing is not yet clarifi ed. Thus, along with macrophages, mast 
cells appear to be capable of activating fi broblasts and enhancing 
the fi brosis occurring in and about an infl ammatory event.

Extracellular Matrix Components

Connective tissue is composed of two major extracellular compo-
nents: the fi rst is a fi brous component responsible for the toughness 
of connective tissue and the second is the gel-like ground substance 
into which the cells and fi bers are embedded. The most prevalent 
of the fi bers present in connective tissue are those constructed of 
collagen molecules.

Collagen Fibers
Collagen is an insoluble fi brous protein, each fi brous molecule of 
which is made up of three pro-a-chains of amino acids woven 
together in a triple helix. The collagen molecules are woven together 
in a periodic manner as illustrated in Figure 7.21. Variations 
in the types of amino acids utilized in the a-chains create at least 
27 described variants of collagen (Kavitha and Thampan, 2008). 
Differing collagens types are found in diverse tissue refl ecting their 
various functions (Table 7.1). Major forms in the human body are 
types I, II, and III.

Although individual collagen molecules are synthesized intra-
cellularly, the fi brils are assembled in the extracellular medium 
surrounding the cell. Collagen is produced by fi broblasts and myo-
fi broblasts as well as by some forms of epithelial cells (Tabata et al., 
2008). Activated monocyte also act as a potential source of colla-
gen. Common factors that can enhance the production of collagen 
include acetaldehyde, a breakdown product of alcohol, radia-
tion, ascorbic acid and, glucose (type III collagen only). Growth 
factors such as TGF-b and PDGF increase collagen synthesis, 
while TNF-a (originally named cachexin) suppresses collagen 

Figure 7-21 A diagram summarizing the formation and 
periodic nature of collagen fi brils. (Taken from Cormack 
DH. Ham’s Histology. Philadelphia, PA: J.B. Lippincott 
Co., 1897.)
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T A B L E  7 . 1

Summary of collagen types along with their structure and function

Classes of 
Collagen

Collagen 
Type Tissue Distribution Ultrastructure

Site of 
Synthesis Function

Fibril-
forming 
collagens

I Dermis, bone, 
tendon, teeth, 
fascia, sciera, organ 
capsules, fibrous 
cartilage

Densely packed 
thick fibrils with 
marked varia-
tion in diameter

Fibroblast, 
osteoblast, 
odontoblast

Resistance to tension

II Hyaline and elastic 
cartilage, intervertebral 
disc, vitreous

No fibers, 
very thin fibrils 
embedded in 
ground 
substance

Chondroblast Resistance to tension

III Bone, skin, smooth 
muscle, arteries, 
uterus, kidney, lung, 
tendon, periosteum, 
endoneurium

Loosely packed 
thin fibrils with 
more uniform 
diameter

Fibroblast, 
smooth muscle 
cells, Schwann 
cells, 
hepatocytes, 
mesenchymal 
cells

Structural maintenance 
in expansile organs, 
wound healing, 
mediate attachments 
of tendon, ligament, 
and periosteum to 
bone cortex

V Skin, bone, tendon, 
synovial, membrane, 
liver, vascular tissue, 
placenta, teeth

Form quarter 
staggered fibrils

Fibroblats, 
osteoblasts

Control of fiber 
diameter

XI Cartilaginous tissue Form quarter 
staggered fibrils

Chondrocytes Control of fiber 
diameter

Fibril-
associated 
collagens

IX Uniform throughout 
cartilage matrix, 
vitreous humor

Covalently 
crosslinked to 
type II collagen 
fibrils

Chondrocytes Contributor of 
mechanical stability 
and resistance to 
swelling of type II 
collagen framework

XII Ligament, tendon, 
perichondrium, 
periosteum, 
periodontal ligament, 
reticular dermis

Covalently 
crosslinked to 
type I collagen 
fibrils

Fibroblast, 
myoblast

Control of fiber 
diameter and 
interaction of 
proteoglycans

XIV Codistribued 
with type I

Covalently 
crosslinked to 
collagen fibrils

Fibroblast, 
myoblast, 
oteoblasts, 
endoneural and 
perineural cells

Control of fiber diam-
eter and interaction or 
proteoglycans

XVI Skin and cartilage Fibroblasts, 
keratinocytes

Maintenance, organi-
zation, and interaction 
of fibrillar structures in 
the ECM

Network 
forming 
collagens

IV Basement 
membranes

Fibroblasts Separates tissue com-
partments, surrounds 
many cell types 
(e.g., Smooth muscle 
cells and nerve cells), 
plays a role in 
regulation of cell 
growth, migration, and 
differentiation.

(continued )

Chila_Chap07.indd   87Chila_Chap07.indd   87 8/3/2010   10:31:37 AM8/3/2010   10:31:37 AM



88 I • FOUNDATIONS

in diminishing mechanotransduction and is thought to be related 
to decreasing resilience of skin with age (Wu et al., 2009).

Growth Factors Associated with Fibrosis

Transforming Growth Factor-β
Extensive cell-to-cell communication is necessary in all tissues in 
order to maintain normal homeostatic activities and to respond 
appropriately to any allostatic challenge. Cytokines represent a 
group of soluble mediators intimately involved in regulating cell 
function in health and disease. The TGF family is a major group 
of cytokines regulating the growth and differentiation of cells as 
well as cellular response to stress and injury including programmed 
cell death. TGF-b, one of several members of the TGF family, is 
a protein secreted in an inactive form, which is subsequently acti-
vated through proteolysis. Numerous cell types produce TGF-b; 
however, a very signifi cant reserve of TGF-b in tissue comes from 
blood platelets. The receptors for TGF-b are members of a kinase 
family and initiate signal transduction pathways in the receiving 
cell (Massagué, 1996). TGF-b plays a signifi cant role in the normal 
development and maturation of tissues and in tissue healing sub-
sequent to injury as well as in tissue remodeling leading to fi bro-
sis and oncogenesis (August and Suthanthiran, 2006; Border and 
Noble, 1994; Kitisin et al., 2007; Sporn et al., 1986).

The function of TGF-b is dependent on the specifi c tissue 
in which it is located and the surrounding extracellular milieu. 
Thus, activated TGF-b can either inhibit or stimulate cell prolif-
eration based on environmental factors; however, in most situa-
tions, it appears to repress cell division and enhance differentiation 

link between external mechanical force applied to the extracellular 
matrix and the cell and the initiation of movement and metabolic 
changes within the cell (Katsumi et al., 2004). This process has 
been termed mechanotransduction and is a feature of fi broblasts, 
chondrocytes, and osteoblasts. Importantly, stress and strain placed 
on the connective tissue can be transferred, through its fi brous 
component, to the cell membrane and cell cytoplasm. The time 
frame on this response is relatively rapid; changes in integrin com-
position can be noted in stressed cells within tens of seconds to tens 
of minutes after the onset of the stressor.

Mechanotransduction, leading to intracellular signal transduc-
tion, plays numerous roles in normal development, the maintenance 
of health and the ontogeny of disease, particularly in the aging 
process (Silver et al., 2003; Wu et al., 2009). Aging can impair 
the ability of skeletal muscle to respond to altered load and ten-
sion; the pathophysiological causes of these changes appear to 
involve intracellular signaling transduction pathways sensitive to 
mechanotransduction at the cell surface. Similarly, synovial joints 
respond best to cyclic stimulation; this quality is mediated by mech-
anotransduction and diminished in the aging joint. Additional age-
related changes in mechanotransduction in the cardiovascular and 
respiratory systems underlie the onset of the loss of compliance in 
the heart as well as endothelial cell and smooth muscle dysfunction 
in the vasculature. Age-related loss in control of smooth muscle 
cell contraction, leading to airway hypersensitivity and hyper-
reactivity, is possibly related to a decreased sensitivity to tension in 
the airway walls, a result of the slow loss of mechanotransduction 
in the airway smooth muscle. Finally, age-related loss of contact 
between fi broblasts process and collagen fi bers in the dermis results 

T A B L E  7 . 1 (Continued )

Filamentous 
collagens

VI Ubiquitous in 
connective tissue, 
concentrated in 
particular and adjacent 
to basement 
membranes of 
myofibers, blood 
vessels and 
intramuscular nerves

Fibroblasts, 
macrophages

Cell attachment, 
differentiation, 
suppression of 
apoptosis and as an 
anchoring meshwork 
for ECM structures

Short-chain 
collagens

VIII Cornea and vascular 
tissue

Smooth 
muscle cells

Stimulates smooth 
muscle cell migration, 
invasion and binding 
in vascular tissue

X Hyaline cartilage Chondrocytes Possibly endochondral 
ossification and 
indirectly 
hematopoiesis

XIII Blood vessel wall, 
glomeruli of kidney, 
myotendinous junction

Fibroblasts, 
osteoblasts

Long-chain 
collagens

VII Skin basement 
membrane

Keratinocytes, 
fibroblasts

Secures basement 
membrane to adja-
cent connective tissue 
matrix

Sources: Liu et al., 1995; Culav et al., 1999; Hou et al., 2000; Kassner et al., 2004; Eble et al., 2006; Zou et al., 2008; Schnorr et al., 2008.
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distribution of myofi broblast-derived cytokines to distant tissues 
such as brain, lung, heart, or kidney. If true, this could be a mecha-
nism by which Osteopathic Manipulative Techniques targeting 
fascia in specifi c anatomical locations could effect change at distant 
sites (Eagan et al., 2007; Meltzer and Standley, 2007).

Clinically, anti-infl ammatory cytokines may play car-
dinal roles in Osteopathic Manipulative Techniques effi -
cacy as they reduce edema, increase range of motion (ROM), 
and decrease analgesic requirements (Andoh et al., 2005; 
Glover and Rennei, 2003; Meltzer and Standley, 2007; Nemet 
et al., 2002). Relevant to this notion, equibiaxial strain of tendon 
fi broblasts (3.5% beyond L°) for 2 hours resulted in increased ATP 
release and inhibition IL-1b expression (Tsuzaki et al., 2003). Since 
IL-1b is proinfl ammatory, such fi broblast strain may set in motion 
a cascade of events to attenuate proinfl ammatory as well as stimu-
late anti-infl ammatory signaling pathways. Other reports have 
shown that biophysical perturbation (in the form of shear stress) 
decreased expression of a number of infl ammatory biomarkers 
(e.g., IL-1a, IL-14, IL-15, IL-16, and the IL-13 receptor) in 
endothelial cells (Chen et al., 2001), a process that may be attrib-
uted to upregulation of the transcription factors NF-kB and AP-1 
(Resnick and Gimbrone, 1995).

Fascial Response to Stress

The mechanisms by which the fascia generates and responds to 
biomechanical strain are not clearly elucidated and are likely mul-
tifaceted. Mechanosignaling could result from normal movements, 
injury, Osteopathic Manipulative Techniques, or other stimuli and 
appears to rely on ion channel gating, integrins, focal adhesions, or 
by aSMA itself (Goffi n et al., 2006). Mechanical deformation of 
cell shape stretches cells in one or more axes. Types of stretch range 
from pressure that can be positive (e.g., increased blood vessel fl ow) 
or negative (e.g., hypertonic extracellular fl uid [ECF]-induced cell 
shrinking), fl ow over a cell surface (e.g., shear forces such as seen in 
vascular endothelial cells), cell elongation (e.g., as seen in muscle cells 
and various fi broblasts), and bending (e.g., as seen in normal bone cells 
(Brown, 2000). Fibroblasts and myofi broblasts respond in multiple 
ways to a wide variety of biophysical perturbations. While integrins 
and their receptors appear to be critical for some aspects of “out-
side-in signaling” as reported for ligamentous fi broblasts (Hannafi n 
et al., 2006; Khalsa et al., 2004), strain is sensed at the cellular level 
by integrin-independent alterations in membrane ion conduc-
tances (Yang et al., 2004). Mechanogated ion channels have been 
reported, and a subset that conducts calcium and that is blocked by 
the lanthanide gadolinium (Gd) has been termed stretch-activated 
calcium channels (SACCs; see Gupta et al., 1998). Potential roles 
for calcium in strain-regulated fi broblast function have been 
reported. For example, palmar fascia responded to mechanical stress 
by signifi cantly increasing tissue intracellular free calcium concen-
tration (Gupta et al., 1998). In other studies, gingival fi broblasts 
were stretched in vitro to 1% or 2.8% beyond resting length. While 
the 1% group showed no intracellular free calcium changes, the 
2.8% group displayed a signifi cant increase in free calcium followed 
by calcium oscillations with a frequency of 2,000/s. These oscilla-
tions appear to involve extracellular calcium fl ux through SACCs in 
a process that required intact actin scaffolding (Arora et al., 1994).

A Role for Actin in Mechanotransduction

Disruption of polymerized actin, whose expression is greatly ele-
vated upon fi broblast differentiation into myofi broblasts, inhib-
ited strain-induced intracellular Ca2+ release as reported in several 

(Massague, 1990). It is also chemoattractive to immune cells and 
enhances the deposition of extracellular matrix by activating fi bro-
blasts (reviewed in Border and Noble, 1994). Interestingly, TGF-b is 
also capable of autoinduction of its own production from connective 
tissue cells such as macrophages. In infl ammed tissue, TGF-b can 
inhibit the production of TNF-a and IL-1 and suppress free radical 
production by macrophages, giving it an anti-infl ammatory role.

TGF-b is extensively involved in wound repair and overpro-
duction of TGF-b is a key feature in tissue fi brosis (Barrientos 
et al., 2008). Acute injury presents with a transient increase in 
TGF-b; however, chronic reinjury results in overproduction of 
TGF-b and subsequent tissue fi brosis. Elevated levels of TGF-b 
are seen in disease states and during chemotherapy and are thought 
to be responsible for the resulting tissue fi brosis in the liver and 
lung (Kisseleva and Brenner, 2008).

TISSUE DYNAMICS: FIBROSIS AND 
TISSUE REPAIR

Fibrosis involves the proliferation extracellular matrix material 
replacing or overgrowing the parachymal tissue resulting the scar-
ring and hardening of the organ. Typically, it develops from a chronic 
infl ammatory state and can occur in such organs as kidney, liver, and 
lung as well as in muscle and tendon (Wynn, 2008). In acute tissue 
injury, transient expression of TGF-b leads to the development of 
myofi broblasts and the synthesis of collagen, both processes benefi -
cial to normal wound repair. However, persistent irritation of the 
tissue sustains the production of growth factors as TGF-b leading 
to the persistence of myofi broblasts and the excessive secretion of 
collagen, processes fostering the buildup of fi brotic scars.

That myofi broblasts normally disappear from newly repaired 
sites support its role in wound repair, and this process is one of 
spontaneous and widespread myofi broblasts apoptosis—also 
termed programmed cell death (Carlson et al., 2003). Therefore, 
proapoptotic molecules such as nitric oxide (NO) signal the end 
of the reparative stage, and their premature presence could lead 
to incomplete repair by premature loss of load-bearing myofi -
broblasts and the ECMP they secrete. In cases where normal 
apoptosis does not occur, fi broblasts as well as myofi broblasts 
proliferate leading to fi brosis. The increased secretion of ECMPs 
by these cells, while affording tissue repair, also potentiates ten-
sile strength and may ultimately restrict the very structures it 
aims to repair and protect. In fact, fascial restrictions, palpable 
by clinicians, are the very sites targeted by several osteopathic 
manipulative techniques (Osteopathic Manipulative Techniques)
including direct and indirect myofascial release techniques. 
Proliferative fasciitis is associated with activated pericytes (fi bro-
blast-like cells found lying along blood vessels), which appear 
to act as additional sources of fi broblasts and/or myofi broblasts. 
Presence of additional myofi broblasts, in turn, would perpetuate 
enhanced fascial tension and exacerbate infl ammatory cytokine 
production. In addition to ECMPs, myofi broblasts also express 
and secrete numerous cytokines including the interleukins and 
others. Given that fascia has been shown to support blood cell 
fl ow through channels (fascial extensions of inferiorly based fas-
ciocutaneous fl aps exhibit erythrocyte fl ow in vascular channels 
of the deep fascia; Bhattacharya et al., 2005), it is theorized that 
fascia-derived cytokines have the ability to be delivered systemi-
cally by hematogenous movement. PGE2 and PGEFr-a have 
been identifi ed in association with nodular myofi broblasts in the 
fascia of patients with Dupuytren disease. Therefore, molecules 
such as these with vasoactive capacity may also play key roles in 
the recruitment and/or differentiation of myofi broblasts as well as 
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proliferation, while often thought of as contributing to tissue 
congestion, edema, and other proinfl ammatory processes, could 
also serve as a mechanism by which myofascial release (MFR) 
and other manual medicine techniques (MMT) result in long-
term positive treatment outcomes. This would be accomplished 
by further (and potentially sustained) enhancement of cytokine 
pools from actively proliferating fascial fi broblasts and correc-
tion of dysfunctional ECMP crosslinking as has been postulated 
by others (Gupta et al., 1998). Alternatively, long-term effi cacy 
could result from MFR-induced release of apoptotic cytokines 
(e.g., NO; see Dodd et al., 2006) causing selective fi broblast death 
from injury sites and removal of fi brotic materials responsible for 
pain and attenuated ROM. It has been reported that fi broblasts 
themselves respond to various strain types by increasing secre-
tion of several ILs, while decreasing secretion of others (Eagan 
et al., 2007; Meltzer and Standley, 2007). In fact, in vitro modeling 
of repetitive motion strains increases while addition of modeled 
counterstrain decreases infl ammatory IL secretion. Whether this 
process involves fi broblast to myofi broblast differentiation has not 
been reported. Clinically, activation of anti-infl ammatory cytok-
ines (and/or attenuation of proinfl ammatory ones) could account 
for increased ROM of injured tissues and joints, decreased edema, 
and decreased need for analgesics in manners dependent upon 
fi broblast growth responses.

SUMMARY

Fascia is defi ned as irregular connective tissue that plays a role in 
surrounding and protecting the organ systems of the body.

Four distinct layers of fascia were presented: pannicular, axial 
(appendicular), meningeal, and visceral.

The components of fascia were presented with particular 
emphasis place on the myofi broblasts.

The dynamic aspect of fascia was discussed.

REFERENCES

Anderson W, Makins GH. The planes of subperitoneal and subpleural 
connective tissue, with their connections. J Anat Physiol 1890;25(pt 1):
78–86.

Andoh A, Zhang Z, Inatomi O, et al. Interleukin-22, a member of the IL-10 
subfamily, induces infl ammatory responses in colonic subepithelial myofi -
broblasts. Gastroenterology 2005;129(3):969–984.

Arora PD, Bibby KJ, McCulloch CA. Slow oscillations of free intracellular 
calcium ion concentration in human fi broblasts responding to mechanical 
stretch. J Cell Physiol 1994;161(2):187–200.

August P, Suthanthiran M. Transforming growth factor beta signaling, vascular 
remodeling, and hypertension. N Engl J Med 2006;354(25):2721–2723.

Banes AJ, Tsuzaki M, Yamamoto J, et al. Mechanoreception at the cellular level: 
the detection, interpretation, and diversity of responses to mechanical sig-
nals. Biochem Cell Biol 1995;73(7–8):349–365.

Barrientos S, Stojadinovic O, Golinko MS, et al. Growth factors and cytokines 
in wound healing. Wound Repair Regen 2008;16(5):585–601.

Bednar DA, Orr FW, Simon GT. Observations on the pathomorphology of the 
thoracolumbar fascia in chronic mechanical back pain: a microscopic study. 
Spine 1995;20(10):1161–1164.

Benjamin M. The fascia of the limbs and back—a review. J Anat 2009;214(1):
1–18.

Berry CC, Cacou C, Lee DA, et al. Dermal fi broblasts respond to mechani-
cal conditioning in a strain profi le dependent manner. Biorheology 2003;40
(1–3):337–345.

Bevan JA, Bevan RD, Duckles SP. Adrenergic regulation of vascular smooth 
muscle. In: Bohr DF, Somlyo AP, Sparks HV, Geiger SR, eds. Handbook of 
Physiology: Section 2, The Cardiovascular System: Volume II, Vascular Smooth 
Muscle. Bethesda, MD: American Physiology Society, 1980:515–566.

studies (Arora et al., 1994; Mohanty and Li, 2002; Wang et al., 
2005). These data highlight the potential importance of the actin 
cytoskeleton in cosensing biophysical strain and perhaps themselves 
being responsible for changes in SACC conductance observed 
with strain. The precise role of actin in mediating these responses 
is unclear, but likely involves the ability of mechanically activated 
Src (a nonreceptor tyrosine kinase; Wang et al., 2005). Specifi cally, 
when actin (by cytochalasin D) or microtubules (by the antine-
oplastic agent nocodazole) were disrupted, force-induced changes 
in endothelial cell Src activation were blocked. The directional Src 
activation observed (i.e., pointing in the opposite direction to the 
applied stretching of the cell) may aid in the release of cell ten-
sion, thus serving as a feedback mechanism for cells to adapt to 
mechanical perturbations. That others have shown SACC acti-
vation to be dependent upon an intact actin cytoskeleton (Arora 
et al., 1994; Ko et al., 2001; Mohanty and Li, 2002) suggests that 
injuries and Osteopathic Manipulative Techniques strain could be 
mechanotransduced cellularly by actin/SACC association.

Direction of the Strain

In addition to strain frequency, magnitude and duration of recent 
in vitro data suggest that strain direction differentially regulates 
fi broblast growth, ion conductances, and gene expression. For 
example, human dermal fi broblasts strained multiaxially caused 
cellular alignment in a manner perpendicular to the strain vec-
tor. However, uniaxial shear stress did not affect cells in this 
regard (Neidlinger-Wilke et al., 2001). Cultured fi broblasts also 
responded to uniaxial strain with increased thymidine incorpora-
tion (signifying DNA replication) and collagen incorporation of 
labeled proline. Importantly, both these measures decreased signifi -
cantly in fi broblasts strained biaxially (Berry et al., 2003). Fibro-
blasts depolarized (by increasing nonspecifi c inward cation current) 
when compressed, but hyperpolarized when stretched uniaxially 
between two patch pipettes (Kamkin et al., 2003). Others reported 
that smooth muscle responded to hyposmotic ECF-induced cell 
stretch (yielding multiaxial strain) with increased inward calcium 
current within one minute. This response was not however repeat-
able if cells were stretched uniaxially between two electrodes (Xu 
et al., 2000). When C2C12 myotubes were strained multiaxially, 
ribosomal S6 kinase phosphorylation increased signifi cantly, a 
response found to be actin dependent since cytochalasin D blocked 
it. Interestingly, this study also reported that myotubes stretched 
multiaxially responded with increased p70 signaling, and this was 
Gd (and therefore SACC) insensitive. Conversely, uniaxial strain 
of these cells increased protein kinase B expression, a response that 
was Gd sensitive (Hornberger et al., 2005). Taken together, these 
data strongly suggest that fascial fi broblasts and myofi broblasts are 
capable of discerning among various strain directions and respond-
ing accordingly with differential stretch-activated calcium channel 
signaling. Data from these studies suggest mechanisms by which 
uni- and multiaxial fascia-directed Osteopathic Manipulative 
Techniques might yield distinct clinical outcomes.

Cyclic stretch of aortic tissue cultures increased mitogen-
activated protein kinase (MAPK) phosphorylation. This process 
led to extracellular signal-regulated kinase-1 and kinase-2 trans-
fer to the nucleus where they phosphorylated transcription factors 
including NF-kB and AP-1 (Lehoux et al., 2000). Since these fac-
tors are responsible for IL-6 and IL-8 expression (Andoh et al., 
2005), they may be involved in strain regulation of fi broblast IL 
and other cytokine secretion. These data further suggest a mecha-
nism (i.e., MAPK) by which strain stimulates fi broblast prolifera-
tion (Berry et al., 2003; Standley et al., 1999, 2001). Fibroblast 

Chila_Chap07.indd   90Chila_Chap07.indd   90 8/3/2010   10:31:37 AM8/3/2010   10:31:37 AM



 7 • THE FASCIAL SYSTEM OF THE BODY 91

Hornberger TA, Armstrong DD, Koh TJ, et al. Intracellular signaling specifi c-
ity in response to uniaxial vs. multiaxial stretch: implications for mechan-
otransduction. Am J Physiol Cell Physiol 2005;288(1):C185–C194.

Kamkin A, Kiseleva I, Isenberg G. Activation and inactivation of a non-
selective cation conductance by local mechanical deformation of acutely 
isolated cardiac fi broblasts. Cardiovasc Res 2003;57(3):793–803.

Katsumi A, Orr AW, Tzima E, et al. Integrins in mechanotransduction. J Biol 
Chem 2004;279(13):12001–12004.

Kavitha O, Thampan RV. Factors infl uencing collagen biosynthesis. J Cell 
Biochem 2008;104(4):1150–1160.

Khalsa PS, Ge W, Uddin MZ, et al. Integrin alpha2beta1 affects mechano-
transduction in slowly and rapidly adapting cutaneous mechanoreceptors in 
rat hairy skin. Neuroscience 2004;129(2):447–459.

Kisseleva T, Brenner DA. Mechanisms of fi brogenesis. Exp Biol Med (May-
wood) 2008;233(2):109–122.

Kitisin K, Saha T, Blake T, et al. TGF-beta signaling in development. Sci STKE 
2007;2007(399):cm1.

Ko KS, Arora PD, Bhide V, et al. Cell-cell adhesion in human fi broblasts 
requires calcium signaling. J Cell Sci 2001;114(pt 6):1155–1167.

Langevin HM. Potential role of fascia in chronic musculoskeletal pain. In: 
Audette JF, Bailey A, eds. Integrative Pain Medicine. Totowa, NJ: Humana 
Press, 2008:123–132.

Langevin HM, Bouffard NA, Badger GJ, et al. Dynamic fi broblast cytoskeletal 
response to subcutaneous tissue stretch ex vivo and in vivo. Am J Physiol Cell 
Physiol 2005;288(3):C747–C756.

Langevin HM, Sherman KJ. Pathophysiological model for chronic low back 
pain integrating connective tissue and nervous system mechanisms. Med 
Hypotheses 2007;68(1):74–80.

Last RJ. Anatomy: Regional and Applied. 6th Ed. Edinburgh: Churchill Living-
stone, 1978.

Laurent GJ, Chambers RC, Hill MR, et al. Regulation of matrix turnover: fi bro-
blasts, forces, factors and fi brosis. Biochem Soc Trans 2007;35(pt 4):647–651.

Lehoux S, Esposito B, Merval R, et al. Pulsatile stretch-induced extracellu-
lar signal-regulated kinase 1/2 activation in organ culture of rabbit aorta 
involves reactive oxygen species. Arterioscler Thromb Vasc Biol 2000;20(11):
2366–2372.

Lundon K. The effect of mechanical load on soft connective tissues. In: Func-
tional Soft-Tissue Examination and Treatment by Manual Methods. Boston, 
MA: Bartlett and Jones Publishers, 2007:15–30.

Massague J. The transforming growth factor-beta family. Annu Rev Cell Biol 
1990;6:597–641.

Massagué J. TGFb signaling: Receptors, transducers, and mad proteins. Cell 
1996;85(7):947–950.

Meltzer KR, Standley PR. Modeled repetitive motion strain and indirect 
osteopathic manipulative techniques in regulation of human fi broblast 
proliferation and interleukin secretion. J Am Osteopath Assoc 2007;107(12):
527–536.

Metcalfe DD, Baram D, Mekori YA. Mast cells. Physiol Rev 1997;77(4):1033–
1079.

Mohanty MJ, Li X. Stretch-induced Ca(2+) release via an IP(3)-insensitive 
Ca(2+) channel. Am J Physiol Cell Physiol 2002;283(2):C456–C462.

Neidlinger-Wilke C, Grood ES, Wang JHC, et al. Cell alignment is induced 
by cyclic changes in cell length: studies of cells grown in cyclically stretched 
substrates. J Orthop Res 2001;19(2):286–293.

Neilson EG. Mechanisms of disease: fi broblasts—a new look at an old problem. 
Nat Clin Pract Nephrol 2006;2(2):101–108.

Nemet D, Hong S, Mills PJ, et al. Systemic vs. local cytokine and leukocyte 
responses to unilateral wrist fl exion exercise. J Appl Physiol 2002;93(2):
546–554.

Palmieri G, Panu R, Asole A, et al. Macroscopic organization and sensitive 
innervation of the tendinous intersection and the lacertus fi brosus of the 
biceps brachii muscle in the ass and horse. Arch Anat Histol Embryol 1986;
69:73–82.

Papadakis KA, Targan SR. Tumor necrosis factor: biology and therapeutic 
inhibitors. Gastroenterology 2000;119(4):1148–1157.

Resnick N, Gimbrone MA Jr. Hemodynamic forces are complex regulators of 
endothelial gene expression. FASEB J 1995;9(10):874–882.

Rhee S, Grinnell F. Fibroblast mechanics in 3D collagen matrices. Adv Drug 
Deliv Rev 2007;59(13):1299–1305.

Bhattacharya V, Watts RK, Reddy GR. Live demonstration of microcirculation in 
the deep fascia and its implication. Plast Reconstr Surg 2005;115(2):458–463.

Border WA, Noble NA. Transforming growth factor beta in tissue fi brosis. 
N Engl J Med 1994;331(19):1286–1292.

Brown TD. Techniques for mechanical stimulation of cells in vitro: a review. 
J Biomech 2000;33(1):3–14.

Burnstock G. Cholinergic and purinergic regulation of blood vessels. Handbook 
of Physiology Sec. 2; Vol II. 1980:567–612.

Carlson MA, Longaker MT, Thompson J. Wound splinting regulates granula-
tion tissue survival. J Surg Res 2003;110(1):304–309.

Catala M. Embryonic and fetal development of structures associated with the 
cerebro-spinal fl uid in man and other species. Part I: The ventricular system, 
meninges and choroid plexuses. Arch Anat Cytol Pathol 1998;46(3):153–169.

Chen BP, Li YS, Zhao Y, et al. DNA microarray analysis of gene expres-
sion in endothelial cells in response to 24-h shear stress. Physiol Genomics 
2001;7(1):55–63.

Clemente CD. Gray’s Anatomy of the Human Body. Philadelphia, PA: Lea & 
Febiger, 1985.

Cormack DH. Ham’s Histology. 9th Ed. Philadelphia. PA: J.B. Lippincott 
Co., 1987.

Dodd JG, Good MM, Nguyen TL, et al. In vitro biophysical strain model for 
understanding mechanisms of osteopathic manipulative treatment. J Am 
Osteopath Assoc 2006;106(3):157–166.

Eagan TS, Meltzer KR, Standley PR. Importance of strain direction in regulat-
ing human fi broblast proliferation and cytokine secretion: a useful in vitro 
model for soft tissue injury and manual medicine treatments. J Manipulative 
Physiol Ther 2007;30(8):584–592.

Ehrlich HP, Allison GM, Leggett M. The myofi broblast, cadherin, alpha smooth 
muscle actin and the collagen effect. Cell Biochem Funct 2006;24(1):63–70.

Ercoli A, Delmas V, Fanfani F, et al. Terminologia Anatomica versus unof-
fi cial descriptions and nomenclature of the fasciae and ligaments of the 
female pelvis: a dissection-based comparative study. Am J Obstet Gynecol 
2005;193(4):1565–1573.

Fasel JH, Dembe JC, Majno PE. Fascia: a pragmatic overview for surgeons. Am 
Surg 2007;73(5):451–453.

Gabbiani G, Ryan GB, Majne G. Presence of modifi ed fi broblasts in granu-
lation tissue and their possible role in wound contraction. Experientia 
1971;27(5):549–550.

Gallaudet BB. A Description of the Planes of Fascia of the Human Body with Special 
Reference to the Fascias of the Abdomen, Pelvis and Perineum. New York, NY: 
Columbia University Press, 1931; 76.

Galli SJ. New concepts about the mast cell. N Engl J Med 1993;328:257–265.
Garcia-Armengol J, Garcia-Botello S, Martinez-Soriano F, et al. Review of the 

anatomic concepts in relation to the retrorectal space and endopelvic fascia: 
Waldeyer’s fascia and the rectosacral fascia. Colorectal Dis 2008;10(3):298–302.

Glover JC, Rennei PR. Strain and counterstrain techniques. In: Ward R, ed. 
Foundations for Osteopathic Medicine. 2nd Ed. Philadelphia, PA: Lippincott, 
Williams & Wilkins, 2003:1002–1016.

Goffi n JM, Pittet P, Csucs G, et al. Focal adhesion size controls tension-depen-
dent recruitment of alpha-smooth muscle actin to stress fi bers. J Cell Biol 
2006;172(2):259–268.

Gray H. Anatomy of the Human Body. 25th Ed. Philadelphia, PA: Lea & Febiger, 
1948.

Grinnell F, Ho CH, Tamariz E, et al. Dendritic fi broblasts in three-dimensional 
collagen matrices. Mol Biol Cell 2003;14(2):384–395.

Gupta R, Allen F, Tan V, et al. The effect of shear stress on fi broblasts 
derived from Dupuytren’s tissue and normal palmar fascia. J Hand Surg Am 
1998;23(5):945–950.

Hannafi n JA, Attia EA, Henshaw R, et al. Effect of cyclic strain and plating 
matrix on cell proliferation and integrin expression by ligament fi broblasts.
 J Orthop Res 2006;24(2):149–158.

Hayes MA. Abdominopelvic fascia. Am J Anat 1950;87(1):119–161.
Hinz B. Formation and function of the myofi broblast during tissue repair. 

J Invest Dermatol 2007;127(3):526–537.
Hinz B, Celetta G, Tomasek JJ, et al. Alpha-smooth muscle actin expression upreg-

ulates fi broblast contractile activity. Mol Biol Cell 2001;12(9):2730–2741.
Hinz B, Pittet P, Smith-Clerc J, et al. Myofi broblast development is character-

ized by specifi c cell-cell adherens junctions. Mol Biol Cell 2004;15(9):4310–
4320.

Chila_Chap07.indd   91Chila_Chap07.indd   91 8/3/2010   10:31:37 AM8/3/2010   10:31:37 AM



92 I • FOUNDATIONS

Stilwell DL. The nerve supply of the vertebral column and its associated struc-
tures in the monkey. Anat Rec 1956;125:139–169.

Stilwell DL. Regional variations in the innervation of deep fasciae and aponeu-
roses. Anat Rec 1957;127(4):635–648.

Tabata T, Kawakatsu H, Maidji E, et al. Induction of an epithelial integrin 
alphavbeta6 in human cytomegalovirus-infected endothelial cells leads to 
activation of transforming growth factor-beta1 and increased collagen pro-
duction. Am J Pathol 2008;172(4):1127–1140.

Tanaka S, Ito T. Histochemical demonstration of adrenergic fi bers in the 
fascia periosteum and retinaculum. Clin Orthop Relat Res 1977;126:
276–281.

Thiery JP, Acloque H, Huang RY, et al. Epithelial-mesenchymal transitions in 
development and disease. Cell 2009;139(5):871–890.

Tomasek JJ, Gabbiani G, Hinz B, et al. Myofi broblasts and mechano-regu-
lation of connective tissue remodelling. Nat Rev Mol Cell Biol 2002;3(5):
349–363.

Tomasek JJ, Vaughan MB, Kropp BP, et al. Contraction of myofi broblasts in 
granulation tissue is dependent on Rho/Rho kinase/myosin light chain 
phosphatase activity. Wound Repair Regen 2006;14(3):313–320.

Tsuzaki M, Bynum D, Almekinders L, et al. ATP modulates load-inducible 
IL-1beta, COX 2, and MMP-3 gene expression in human tendon cells. 
J Cell Biochem 2003;89(3):556–562.

Walsh DA, McWiliams F. Tachykinins and the cardiovascular system. Curr 
Drug Targets 2006;7(8):1031–1042.

Wang Y, Botvinick EL, Zhao Y, et al. Visualizing the mechanical activation of 
Src. Nature 2005;434(7036):1040–1045.

Wendell-Smith CP. Fascia: an illustrative problem in international terminology. 
Surg Radiol Anat 1997;19(5):273–277.

Werner S, Grose R. Regulation of wound healing by growth factors and cytok-
ines. Physiol Rev 2003;83(3):835–870.

Wu M, Fannin J, Rice KM, et al. Effect of aging on cellular mechanotransduc-
tion. Ageing Res Rev 2009.

Wynn TA. Cellular and molecular mechanisms of fi brosis. J Pathol 
2008;214(2):199–210.

Xu WX, Li Y, Wu LR, et al. Effects of different kinds of stretch on voltage-
dependent calcium current in antrial circular smooth muscle cells of the 
guinea-pig. Sheng Li Xue Bao 2000;52(1):69–74.

Yahia LH, Rhalmi S, Newman N, et al. Sensory innervation of the human 
thoracolumbar fascia. Acta Orthop Scand 1992;63:195–197.

Yang G, Crawford RC, Wang JH. Proliferation and collagen production of 
human patellar tendon fi broblasts in response to cyclic uniaxial stretching in 
serum-free conditions. J Biomech 2004;37(10):1543–1550.

Yang J, Weinberg RA. Epithelial-mesenchymal transition: at the crossroads of 
development and tumor metastasis. Dev Cell 2008;14(6):818–829.

Ronty MJ, Leivonen SK, Hinz B, et al. Isoform-specifi c regulation of the actin-
organizing protein palladin during TGF-beta1-induced myofi broblast dif-
ferentiation. J Invest Dermatol 2006;126(11):2387–2396.

Sanchis-Alfonso V, Rosello-Sastre E. Immunohistochemical analysis for neu-
ral markers of the lateral retinaculum in patients with isolated symptomatic 
patellofemoral malalignment. A neuroanatomic basis for anterior knee pain 
in the active young patient. Am J Sports Med 2000;28(5):725–731.

Schleip R. Fascial plasticity—a new neurobiological explanation: part 1. 
J Bodyw Mov Ther 2003a;7(1):11–19.

Schleip R. Fascial plasticity—a new neurobiological explanation: part 2. 
J Bodyw Mov Ther 2003b;7(2):104–116.

Schleip R, Klingler W, Lehmann-Horn F. Active fascial contractility: Fascia 
may be able to contract in a smooth muscle-like manner and thereby infl u-
ence musculoskeletal dynamics. Med Hypotheses 2005;65(2):273–277.

Schwartz MA, DeSimone DW. Cell adhesion receptors in mechanotransduc-
tion. Curr Opin Cell Biol 2008;20(5):551–556.

Silver FH, DeVore D, Siperko LM. Invited review: role of mechanophysiol-
ogy in aging of ECM: effects of changes in mechanochemical transduction. 
J Appl Physiol 2003;95(5):2134–2141.

Singer E. Fascia of the human body and their relations to the organs they 
envelop. Philadelphia, PA: Williams and Wilkins, 1935.

Skandalakis PN, Zoras O, Skandalakis JE, et al. Transversalis, endoabdominal, 
endothoracic fascia: who’s who? Am Surg 2006;72(1):16–18.

Snyder G. Fascia—applied anatomy and physiology. In: Academy of Applied 
Osteopathy Yearbook. 1956.

Sporn MB, Roberts AB, Wakefi eld LM, et al. Transforming growth factor-b: 
biological function and chemical structure. Science 1986;233(4763):532–534.

Standley PR, Obards TJ, Martina CL. Cyclic stretch regulates autocrine 
IGF-I in vascular smooth muscle cells: implications in vascular hyperplasia. 
Am J Physiol 1999;276(4 pt 1):E697–E705.

Standley PR, Stanley MA, Senechal P. Activation of mitogenic and antimito-
genic pathways in cyclically stretched arterial smooth muscle. Am J Physiol 
Endocrinol Metab 2001;281(6):E1165–E1171.

Standring S. Gray’s Anatomy: The Anatomical Basis of Clinical Practice. 40th Ed. 
Edinburgh: Elsevier Churchill Livingston, 2008.

Staubesand J, Li Y. Zum feinbau der fascia cruris mit Besonderer Berucksichti-
gung epi- und intrafasziale Nerven. Manuelle Medizin 1996;34:196–200.

Stecco C, Gagey O, Macchi V, et al. Tendinous muscular insertions onto the 
deep fascia of the upper limb. First part: anatomical study. Morphologie 
2007;91(292):29–37.

Stecco C, Porzionato A, Lancerotto L, et al. Histological study of the deep 
fasciae of the limbs. J Bodyw Mov Ther 2008;12(3):225–230.

Stecco C, Porzionato A, Macchi V, et al. Histological characteristics of the deep 
fascia of the upper limb. Ital J Anat Embryol 2006;111(2):105–110.

Chila_Chap07.indd   92Chila_Chap07.indd   92 8/3/2010   10:31:38 AM8/3/2010   10:31:38 AM



93

K E Y  C O N C E P T S
■ Biomechanics describes the relationship between structure and function.
■ Motion and forces in three-dimensional space can be divided into components with a magnitude of action in each 

dimension.
■ Stress, strain, and force moments are terms used to describe how forces act on objects and how objects respond 

to those forces.
■ The biomaterial properties of tissues such as bone, cartilage, muscles, tendons, and ligaments, are based on a 

hierarchy of biomechanical properties from the molecular, cellular, tissue, and gross anatomic levels.
■ Tissues are constantly remodeling in response to the stresses placed upon them.
■ Excessive stresses or inadequate responses to them (loss of homeostasis) result in injury or disease in tissues.
■ The basic biomaterial properties and remodeling capacity (adaptability) of tissues change with age, generally to 

render them more vulnerable to stresses and injury.
■ The gross biomechanical properties of the skeleton are defined by bony structure and the attachment of muscles 

and tendons that produce forces across joints.
■ The primary motions at the surfaces of articulations are gliding (translation), rotation, rolling, compression, and 

distraction.
■ Basic properties of joint kinetics can be described by measuring the forces produced by muscles and the length of 

moment arms acting across joints.
■ The elastic properties of muscles, tendons, and ligaments allow them to store energy in some phases of move-

ments for release during others.
■ Normal movement in the spinal column is a composite of smaller motions of individual vertebrae. Restrictions of 

movement in one area can result in a compensatory increased mobility in others.
■ The orientation of intervertebral joint facets in the spine, in association with the direction of spinal muscle contrac-

tion, produces a motion coupling of vertebral movement. These coupling relationships differ over areas of the 
spine.

■ It is necessary to consider the biomechanical relationships of the body as a whole when attempting to define the 
consequences of injury or altered function of a body segment.

BIOMECHANICS DESCRIBES THE 
RELATIONSHIP BETWEEN STRUCTURE 
AND FUNCTION

The inter-relationship of structure and function in the body is 
one of the basic principles of the osteopathic medical profession. 
The science of biomechanics is dedicated to describing this rela-
tionship more generally in biologic systems. This can apply to the 
organism as a whole (as with kinesiology) or even on a subcellular 
level (as with microtubular transport mechanisms). The approach 
to the mechanics of biologic systems is similar to the mechanics 
of inanimate objects and consists largely of how they respond to 
forces applied to them. When struck with a hammer, an object may 
shatter or absorb the force and be accelerated into movement. The 
response will depend upon a variety of factors including the mate-
rial comprising the object, the object’s shape, internal structure, 
where and how the force is applied, and so forth. The response 
of the human body to either externally or internally applied forces 
can be described similarly, as it must obey the same basic laws of 
physics. However, the human body and other biologic systems 
have extremely intricate structural arrangements of highly variable 
materials down to the molecular level. This can make the accurate 

biomechanical modeling of even simple movements very challeng-
ing. Additionally, the body also has the essential biologic ability to 
adapt and structurally remodel itself according to the stresses placed 
upon it. Some of these adaptations, as in the mechanical properties 
of tissues, can occur relatively rapidly. This “moving target” property 
can add an additional layer of diffi culty for accurate description.

The capacity of the body to adapt appropriately to environ-
mental stress will make the difference between health and dis-
ease. The goal of the osteopathic physician is to assist the body in 
regaining a balance with the stressors of the patient’s environment, 
usually at multiple levels of consideration. From a biomechanical 
standpoint, this may involve the correction of somatic dysfunctions 
or to break cycles of inappropriate responses that have produced 
them. In doing so, the primary biomechanical considerations 
for the osteopathic physician must include broad characteristics 
encompassing both biomaterial characteristics of tissues and the 
primary mechanical operation of the body as a unit. As opposed 
to other medical disciplines, this must include a literal “feel” for 
the characteristics of tissues in addition to fi gurative “feel” for the 
understanding of body mechanics derived from a knowledge of 
anatomy. The primary goal of this chapter is to assist the reader 
in obtaining this latter knowledge. For this reason, an emphasis 

8 Biomechanics
MICHAEL R. WELLS
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(up/down, back and forth, in and out relative to the page) that can 
occur simultaneously. Vectors will have a magnitude and direction 
similar to describing the dimensions of an object, except that the 
magnitude of movement is expressed as velocity (meters per sec-
ond). Vector components are shown on an axis system (Fig. 8.1) 
that is used to model three-dimensional space. By describing the 
vectors of movement in each of these three dimensions, the motion 
of the object can be characterized. The actual path of the object is 
referred to as the resultant velocity vector. Biomechanical analysis 
uses similar vector systems to describe most parameters in space, 
such as velocity, acceleration, and pressure.

Beyond simple models, the properties of each component of 
a resultant vector can become increasingly complex. For example, 
an object of irregular shape will require more than a simple length 
measurement in each dimension to describe it. Similarly, an object 
moving in space may also rotate about an axis. Because of this, even 
relatively simple movements of body segments may require sophis-
ticated mathematical modeling to describe the movement.

Applied Forces Can Also Be Expressed as 
Three-Dimensional Vectors
Applied forces, such as a manipulative thrust, are essentially pressure 
(force per unit area) applied to an object. By defi nition, forces act 
to accelerate an object of a given mass. Accordingly, an object at 
rest must have a force applied to it in order to achieve movement 
through acceleration. An object moving at a constant velocity will 
require no forces to sustain movement, unless other forces (e.g., 
friction) are acting to resist the movement. The object’s resistance 
to change of velocity (inertia) is also described as the force required 
to accelerate it from rest (zero velocity) or to decelerate it from 
movement.

The magnitude of forces and associated force vectors is used 
to describe external pressures applied to the body and internal 
forces like those generated in muscles to achieve limb movement. 
Force magnitudes are expressed as the mass of the object times the 
acceleration (F = ma). The metric unit of force is a newton (N) or 
1 kg accelerated to a velocity of 1 m/s each second (kg × m/s2). 
Like velocity, forces are characterized as a combination of vector 
components of a certain magnitude in each of the three axes defi n-
ing space (Fig. 8.1). The resultant force is the sum of the individual 
force vectors. The manner in which the object might be moved 
or mobilized by the force will depend upon which of the vector 
components are resisted and which are not (Fig. 8.1). Similarly, 
a resultant force vector arising from a manipulative thrust would 
be characterized by describing force components not only directly 
into the body, but also in lateral directions (rostral, caudal, medial, 
or lateral) as well as rotational components. Mobilization of body 
segments by the force will depend upon which components of the 
thrust meet with direct resistance and obviously how the body is 
positioned. In biomechanics, it is important to characterize the dif-
ferent components that a force may have in order to understand the 
ensuing reaction of the material or body structures.

Moments Are Forces that Act at a Distance 
and/or Produce Rotation of an Object
Forces that act to produce rotation of an object about an axis, or in 
two-dimensional models, a center point (Fig. 8.2), are called force 
moments (also moment or torque). The magnitude of a force moment 
is the product of the force applied and the distance of application 
from the center of rotation (force × distance). The latter distance is 
referred to as the moment arm. This is essentially a process of using a 
lever to produce rotation about an axis. Because of this relationship, 
it is important to note that moments of the same magnitude may 

will be placed on basic biomaterial and biomechanical concepts 
rather than mathematical modeling of properties. As with other 
chapters in this volume, this chapter is intended to be a summary 
of biomechanical concepts that are of particular relevance to those 
who study osteopathic medicine. More comprehensive discussions 
may be readily obtained from texts on particular topics. It will be 
assumed that the reader has a basic working knowledge of gross 
anatomy and the concepts relating anatomy to function.

Motion and Forces Can Be Described as 
Components With a Magnitude in Each 
Dimension of Three-Dimensional Space

The strategy for describing the mechanics of biologic materials 
begins with the same terms and methods employed to describe 
inanimate objects. The process of interest is broken down into 
components that can be measured and characterized. These com-
ponents and their properties are then incorporated into models 
(often mathematical) that can be used to describe the system and 
predict its reaction to defi ned stresses. The terminology used is 
common to areas of mechanical sciences and can be categorized 
into terms related to:

1. Dimensions and movement in three-dimensional space
2. The nature of applied forces
3. Properties of biomaterials

Objects and Movements in Three-Dimensional 
Space Can Be Described as Components in 
Each of the Three Dimensions
An object can be described by the magnitude of its size in each of 
its dimensions (length, width, height; Fig. 8.1). Similarly, simple 
movement (translation) of an object in three-dimensional space can 
be described as three different components (vectors) of movement 

Figure 8-1 A. An object in three-dimensional space (axes) can be 
described by the length vectors (height [h], width [w], depth [d]). 
B. The motion of an object can be described as three separate pri-
mary vectors of velocity. The actual movement of the object is rep-
resented by the resultant vector (r). C. A force (F) that is applied to 
an object may also be represented by separate force vectors in each 
dimension directed into the object. The object may be moved in a 
direction (v) by the force. D. If one component of the accelerating 
force is resisted, the object will move in a new direction (Q), deter-
mined by the magnitude of the remaining vector components.
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center of rotation in the joint is usually shown as immobile. In actual 
movements, both segments may be mobile and motions within the 
joint may also occur to change the center of rotation.

Stresses Are Forces Applied to Objects 
in Various Orientations
The characteristics of forces applied to an object are described as 
stresses (Fig. 8.3). The magnitude of basic stresses is described as 
force applied over a defi ned unit of object surface area or pressure. 
This may be described as pounds per square inch (psi) or in the 
metric form, pascals (N per square m). Particular types of stresses 
are identifi ed to describe their relationship to the object acted upon 
(Fig. 8.3). For convenience, stresses are usually described for an 
object that is immobilized or constrained, such that the object must 
resist the stress and not undergo acceleration or movement other 
than deformation (see “Strain Is Deformation Produced by Stress,” 
later in the chapter). Tension is a force applied perpendicularly out-
ward from the surface of an object (pull), such that the object would 
be elongated or stretched. Compression stress is a force applied per-
pendicularly inward (push) to the surface of an object, such that the 
object would be shortened or compressed. Shear stresses are forces 
applied parallel to the surface of an object. Torsion stresses are rota-
tion-like forces, which, on a constrained object, act to twist it about 
a neutral axis (i.e., an axis that would not be translated or moved 
by the force). Bending is also technically a rotation-like force (or 
coupled coactive forces) that acts to fold or bend an appropriately 
constrained object along a neutral axis. The sum of all stresses on 
an object is termed load.

BEHAVIOR OF MATERIALS 
SUBJECTED TO FORCES

The Behavior of an Object or Material 
May Be Isotropic or Anisotropic

While stresses may originate from external forces applied to an 
object’s surfaces, they are also transmitted from the area of contact 
through the entire substance comprising the object. The primary 

be produced by increasing the force applied while proportionately 
reducing the moment arm or vice versa (Fig. 8.2). A common 
example of the properties of force moments can be obtained from 
pushing open a door (Fig. 8.2). Pushing the door open at the han-
dle usually is relatively easy (low force), because of the long distance 
(moment arm) between the handle and the center of rotation at the 
hinge. Note, however, that opening the door at the handle requires 
a relatively large distance of movement (large displacement). 
Attempting to push the door open at a point near the hinge (short 
moment arm) is much more diffi cult (greater force), but requires 
less displacement to open the door. Note also that the direction or 
angle at which the push is applied to the door will determine how 
much of the force applied is actually used to push the door open (2). 
This rotation component of the applied force is at a right angle 
to the surface of the door (directly into the door) at any instant. 
The remaining force component will be in a direction along the 
surface of the door. For the same opening force to be maintained, 
the direction of the applied force must change constantly to move 
in a circle with the door.

The strategy of changing the force or the length of the moment 
arm and the direction at which forces are applied is often employed 
in body mechanics and in manipulation techniques, depending 
upon the need for more or less force at the cost of greater or lesser 
displacement.

Moments are used in the biomechanical modeling of body 
motion because most movements are composites of rotational move-
ments of individual body segments around joints. Force moments 
are generated from the contraction of muscles attached between 
two body segments causing the movement of the more mobile seg-
ment around a center of rotation (Fig. 8.2). The center of rotation 
is usually near the articulation surface in the less mobile segment. 
The moment arm of the contracting force is related to the distance 
of the muscle insertion on the mobile segment from the center of 
rotation. In simple biomechanical models of body movement, this 

Figure 8-2 Force moments on an object such as a door. A. A force 
(f  ) applied at a distance (moment arm, ma) in the middle of the 
door can produce rotation (dotted arrow) around a center or axis (c) 
located at the hinge. The moment is the force applied times the dis-
tance (d ) from the center (f × d ). A smaller force acting on a longer 
moment arm at the doorknob (B) will produce the same moment 
(f × d ). C. If the force is applied in a direction other than directly 
against the moment arm, only part (pr) of the force will be used to 
produce the rotation. D. In the body, force moments are generated 
by muscle contraction forces (m) that produce rotation of a mobile 
body segment about a center in the joint (cj ).

Figure 8-3 A. Stresses are forces acting from various orientations 
relative to the object. Stresses are named according to their action 
upon the object. B. Tensile stresses act to stretch an object. C. Com-
pressive stresses compact the object. D. Shear stresses act parallel 
to the surface of an object. E. Bending stress acts to fold an object 
about an axis. F. Torsion stresses twist an object about an axis.
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to its former shape without a permanent change in shape. In this 
elastic area of the stress/strain curve, the slope of the line (stress/
strain) is termed the elastic modulus. The elastic modulus is also a 
quantitative description of stiffness, a term commonly associated 
with the amount of force necessary to bend an object.

When an applied stress is greater than that defi ned by the 
elastic area (Fig. 8.5), a permanent deformation of the material or 
plasticity will result. The plastic behavior area of the curve ends 
with the material failure or breaking of the object. Materials may 
also be described as brittle or ductile depending upon the amount 
of deformation they can undergo before failure. Brittle objects such 
as glass will undergo little deformation before they break (fail), 
and the pieces after breaking retain their shape such that pieces 
will fi t together to produce a puzzlelike reproduction of the object 
with little deformation. Ductile materials such as a copper wire will 
have a permanently altered shape beyond their elastic region and 
after failure. Many factors other than basic structure of a mate-
rial may signifi cantly affect the stress/strain relationship. The most 
common of these are temperature and the rate at which a stress is 
applied.

Viscoelasticity Is the Combination of Elastic 
and Viscous Properties of Materials in 
Response to Stress

The rate at which a stress is applied can be a particularly important 
determinant in the response of materials that exhibit a combina-
tion of both elastic and viscous behavior in response to an applied 
stress. Viscous behavior can be described as resistance to fl ow, such 
as that observed with cold syrup. Viscosity in biologic materials 
arises largely, but not completely, from the resistance of their water 
content to fl ow into and out of the material with applied stress. 
For example, spaces between molecules of collagen in ligaments 
contain a large amount of water with salts and other small relatively 
mobile molecules. Tensile stress (stretching) of the ligament will 
decrease the available space between collagen molecules, forcing 
the fl uid between them out of the ligament. This process is similar 
to stretching a wet sponge (Fig. 8.6). If the structure is stretched 
rapidly, there is an increasing resistance to fl uid movement out of 
(and into) these spaces, since this requires time. The time required 
for fl uids to move out of intermolecular spaces acts to slow the 
rate of deformation of an elastic material. This alters the elastic 
and plastic regions of the stress/strain curve. In combination with 

factors affecting the transmission of forces through an object are 
its shape and material composition including infrastructure. The 
characteristics of the material composition of the object will deter-
mine if the object can be accelerated or rotated by a stress of suf-
fi cient magnitude or physically broken by it. The shape of an object 
may dramatically affect the manner in which it responds to similar 
stresses exerted in different places on the object. An object, such as 
a sphere of homogenous composition, will respond in the same way 
to a particular type and magnitude of stress applied to any point on 
its surface. This type of object is referred to as isotropic in relation 
to stresses. Objects having a nonuniform surface shape (such as an 
irregular cube) or heterogeneous composition will respond to the 
same stress differently depending upon the point of application. 
These objects or materials are referred to as anisotropic. Most bio-
logic structures fall into this category.

As with surface characteristics, the internal structure or com-
position of an object will also determine its response characteristics 
to stresses. The object’s composition and molecular infrastructure 
determine how a force applied to a particular location is transmit-
ted to the remainder of the object’s mass. In objects that have an 
anisotropic internal composition, such as biologic materials, local-
ized internal stresses are often the primary determinant of the tol-
eration of the material for stresses of a particular magnitude and 
orientation of a stress. As discussed subsequently, bone, muscle, 
tendons, and ligaments have a linear cellular/molecular structure 
that causes the response to loads to differ dramatically depending 
upon the orientation of the applied stress.

Strain Is Deformation Produced by Stress

As muscles contract, they apply primary localized tensile stresses 
to bone to accelerate the mobile segment(s) and to stabilize the 
immobile segment(s). Under this condition, the applied stresses 
produce a change in the shape of the bone or object (deformation). 
The magnitude of deformation produced by stress is referred to 
as strain. The actual deformation of an object will depend upon 
the same factors defi ning stress distribution (internal composition 
and infrastructure) and is characterized as a sum of different strain 
vectors. These vectors are usually named for the type of stress pro-
ducing them (e.g., tensile strain, compressive strain, etc.). Many 
different strain vectors may be produced within an object by a par-
ticular type of stress. A simple example is a bending stress that 
produces tensile strain on the side of the object opposite the neutral 
axis and compressive strain in the direction of bending (Fig. 8.4). 
A similar condition exists with strain on a spinal disc with bending 
between segments.

The Elastic Modulus Shows the Relationship 
Between Stress and Strain

While it can generally be assumed that increases in stress on an 
object will produce an increase in strain, the relationship is not 
direct, particularly for biologic materials. The relationship between 
the amount of a particular stress applied to an object and the result-
ing deformation or strain is shown by a stress/strain curve (Fig. 8.5). 
In this instance, a material is subjected to a defi ned stress such as 
tension. In this model, the strain may be quantifi ed as the change 
in length of the object (as with a tendon or ligament). A similar 
result could be obtained by the displacement of the center of a 
bending load (as with a bone). Stress/strain relationships for most 
materials have a linear region (elastic behavior) in which increasing 
stress produces a corresponding amount of deformation (Fig. 8.5). 
Reducing the stress or unloading of the object will allow it to return 

Figure 8-4 A. Bending strain produces tensile stress (t) on 
one side of an object and compressive stress (c) on the other. 
B. This same principle applies directly to biologic materials, such 
as spinal discs.
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in a material. These molecular interactions, along with the elastic 
properties of the material, are important in the return of water 
and other small molecules back into the matrix, again much as a 
sponge reabsorbs fl uid after being squeezed. This recovery process 
is important if the biomaterial properties of the tissue are to be 
maintained under repeated loading. Additionally, since viscoelas-
tic behavior involves the movement of small molecules and the 
interaction between molecules, temperature can signifi cantly affect 
this property.

Viscoelastic properties can produce signifi cant alteration of 
material behavior when the rate of loading is too fast for the fl uid 
exchange to occur. Under these conditions, a material may exhibit 
a higher elastic modulus (i.e., appear stiffer or more brittle) under 
high loading rates, as compared to the same load applied over a 
longer period of time. If a viscoelastic material is stretched rapidly 
and the load is sustained after the initial loading period, there will 
be a rapid initial deformation of the material followed by a slower 
deformation as the remaining fl uid in the matrix reaches a new 
equilibrium at a slower rate (Fig. 8.6). Two types of measurements 
are used to describe this property. First, if the material is subjected 
to an initial load, such as tensile stress (Fig. 8.6), which is then 
maintained, the material will stretch to an initial length and then 
more slowly increase in length as the more resistant fl uid in the 
matrix effuses. The slower phase after the initial stretch is called 
creep.

Another measurement looks at the load necessary to maintain 
a constant deformation or, in the case of Figure 8.6, the length of 
the material. As the matrix reaches equilibrium, the load necessary 
to maintain the length will decrease. This property is referred to as 
stress/relaxation.

Because of their high water and solute content, bone, muscle, 
ligament, tendon, and other biologic materials have viscoelastic 
properties that are important for their function. Due to the dif-
ferences in the cellular structure and the matrix between cells in 
these materials, the actual viscoelastic properties of these tissues 
differ markedly.

Figure 8-5 A stress/strain curve (right) of an object undergoing increasing tensile stress (left). The change in 
length can be used as a measure of strain. The curve has an area of elastic behavior, in which a release of stress will 
allow the object to return to its original shape. In this area, the stress/strain relationship can be expressed as elastic 
modulus. With increasing stress, the material has permanent deformation or plastic behavior, followed by material 
failure.

Figure 8-6 Left. Viscoelastic behavior occurs when a material con-
taining a mobile fl uid phase is stretched (or compressed) from a 
resting length (L1) to force fl uid out of an elastic matrix similar to a 
sponge to a greater length (L2). This can be modeled schematically 
(bottom) as a spring in parallel with a fl uid containing resistance 
compartment with porous baffl es. Right. Time-dependent vis-
coelastic behavior of a material under tensile stress. Creep (top) is a 
measure of deformation (strain) over time with stress (stretch force) 
held constant. Stress/relaxation (bottom) is a measure of stress over 
time with strain held constant. (Portions of this fi gure have been 
adapted from Carlstedt CA, Nordin M. Biomechanics of tendons 
and ligaments. In: Nordin M, Frankel VH, eds. Basic Biomechan-
ics of the Musculoskeletal System. 2nd Ed. Philadelphia, PA: Lea & 
Febiger, 1989:59–74, with permission.)

the elastic properties of the material, this behavior is described as 
viscoelasticity. This property is usually modeled as a spring acting in 
parallel to a resistance provided by a fl uid compartment (Fig. 8.6).

Besides the fl ow of small molecules from intermolecular 
spaces, frictional resistance due to molecular movement and ionic 
interactions between molecules also contributes to the viscosity 
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which bones will undergo material failure when excessive stresses 
are placed upon them.

Different Stress Vectors Produce Varying 
Types of Bone Failure (Fracture)

The material failure (fracture) of bone can be observed clinically 
for all major categories of stresses, with the mechanism of mate-
rial failure varying with type of loading (1). Also, the viscoelastic 
behavior of bone gives it sensitivity to loading rate. At rapid loading 
rates, bone appears stiffer as the movement of fl uid and molecular 
friction increasingly resists deformation. This causes bone to store 
more energy before failure. When bone does fail at high loading 
rates, its more brittle behavior makes it more likely to fragment, 
much like shattering glass (comminuted fracture) (5). Accordingly, 
fractures can also be categorized into different types according to 
the energy absorbed with the resulting failure, low energy, high 
energy, and very high energy. Higher-energy fractures (automo-
bile accidents, gunshot wounds) are typically accompanied by bone 
fragmentation and soft soft-tissue damage, as the energy stored 
under rapid loading is dissipated with biomaterial failure.

Under physiologic conditions, bones will experience a combi-
nation of stress vectors at the same time and failures may result 
from the combination rather than a particular stress type. However, 
fractures do begin in the stress component direction most prone to 
failure according to the material properties of the bone. This allows 
the description of some types of fracture resulting from particular 
stress categories. Muscles pulling on bone typically generate tensile 
stress fractures. The tensile fracture of the calcaneus adjacent to the 
Achilles tendon insertion is a frequent example (Fig. 8.8). Com-
pression fractures are most commonly found in the vertebral col-
umn, which is subject to high compressive load and a weakening of 
the bones with age. Shear forces act parallel to bone surfaces, typi-
cally at articulations, where bones are in contact. Shear fractures can 

Fatigue is the Failure of a Material as 
a Result of Repeated Stress

Fatigue is a multifaceted term that is used to describe material 
failure after repeated application of stresses that, if applied individ-
ually, would not produce failure. In nonbiologic materials such as 
metals, a signifi cant part of fatigue failure can result from the accu-
mulated breakdown of crystalline structure as the result of repeated 
stress, such as breaking a steel or copper wire by repeated bending. 
In biologic systems, the process of fatigue failure becomes more 
complicated, because of the ability to repair and adapt materials 
to repeated stress. For example, bone under repeated stress may 
undergo microfractures in its structure (see the following section). 
Depending upon the frequency of the stress and the ability of the 
bone to repair these microfractures, the bone may suffer a fatigue 
fracture or adapt to the stress by increasing its mass.

PROPERTIES OF BIOLOGIC MATERIALS: BONE

Bone Is an Anisotropic Material Comprising Osteons

Mechanical models describing nonbiologic materials are diffi cult 
to apply to biologic systems directly, due in part to their compli-
cated structure. The response of biologic materials to stresses is 
determined by structural properties layered down to the subcellular 
level. Still, the material properties of bone structure as a whole are 
clearly traceable from tissue structure (1). Bone consists of con-
nective tissue cells organized and embedded in a highly mineral-
ized extracellular matrix. Although lower than other tissues, this 
matrix also contains signifi cant amounts of water and other small 
molecules, giving bone viscoelastic material properties. The basic 
unit of organization is the osteon or haversian system. These sys-
tems consist of concentric rings of bone cells or osteocytes around 
a central cavity (the haversian canal) through which the blood ves-
sels and nerves supplying the bone travel (Fig. 8.7). The osteons 
are arranged in a dense, regular pattern around the shaft of long 
bones to form cortical or compact bone. The border between 
osteons is the cement line. The cement line is structurally weaker 
than the substance of the circularly oriented osteons and can often 
be identifi ed microscopically as the site of failure of bone tissue 
under high stresses (2). Osteocyte lacunae may also be a site of 
structural weakness (3). Beneath the cortical layer of compact bone 
is a central core of more porous bone (termed cancellous, trabecu-
lar, or spongy bone), with lacunae comprising the marrow space. 
While the structure of cancellous bone may initially appear as a 
random mesh of thin bone, it can be readily shown that areas of 
organization do exist and contribute to the structural stability of 
the bone as a whole by distributing stresses internally in the bone 
structure (4) (Fig. 8.7).

Bones Are Structured to Resist the Primary 
Functional Stresses Placed Upon Them

As might be expected, the highly organized cellular and gross 
structure of bone causes it to behave in an anisotropic manner to 
applied stresses. The outward structure and infrastructure of bones 
are organized to resist the major stresses to which they are sub-
jected under normal physiologic conditions. For the structure of a 
long bone such as the tibia, the compressive loading lengthwise will 
require much higher stress before failure compared to a stress of 
similar magnitude applied perpendi cularly to the long axis. In this 
manner, from the subcellular to gross structure, bone represents 
one of the most obvious examples of the structure-to-function 
relationship. This anisotropic behavior also defi nes the manner in 

Figure 8-7 Histologic and structural properties of bone. 
A. Compact bone structure is organized into cylinder-shaped 
osteons with haversian canals (H) that are separated by a cement 
line (outline). B. In long bones, osteons are oriented longitudinally 
along the axis of the bone and surrounded by circumferentially ori-
ented lamellar bone (L). Both surround a marrow space that contains 
marrow and cancellous bone. C. The organization cancellous bone 
is not random in structures such as the femur, where the trabeculae 
(black) help to distribute stresses through the internal structure of 
the bone.
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outpaces the repair, failure will eventually occur as a repetitive 
stress fracture. A common example of this is the fatigue fracture of 
metatarsal bones in long-distance runners (7).

Bone Remodels Its Structure in Response to 
Stress and Depends upon Stresses to 
Maintain Its Material Properties

In the presence of stresses, bone can alter size, shape, and structure 
to withstand stresses placed upon it. The unusual corollary to this 
property is that bone must be subjected to stress in order to maintain 
its biomaterial properties. The underlying principle of this process 
in bone has been expressed as Wolff law, which states that bone is 
increased where needed and resorbed where not needed (8). The 
resorption of bone under conditions of reduced usage or immo-
bilization (9) is of particular concern clinically, since mechanical 
stress on bone is reduced during casting or in more limited condi-
tions, such as weightlessness in space travel (10). Immobilization 
results in the resorption of periosteal and subperiosteal bone (11) 
and a decrease in bone strength and stiffness (12). Conversely, the 
hypertrophy (13,14) and increase in density of bone (15) may be 
observed in normal bones in response to strenuous exercise. Both 
hypertrophy and resorption of bone may be observed around 
implant screws and plates used to surgically stabilize bone defects 
or to attach prosthetic joints (16).

Bone properties also are altered with aging, with a progres-
sive loss of bone density and size (17,18). This is independent 
of the condition of osteoporosis. The result is a decrease in bone 
strength and stiffness and altered stress/strain properties, including 
an increase in brittleness and a reduction in energy storage capacity. 
These properties make bones more susceptible to material failure 
under high stress conditions with increasing age.

ARTICULAR CARTILAGE

The Surfaces of Contact Between Bones in 
Synovial Joints Is Hyaline Cartilage

There are three identifi ed primary types of cartilage in the human 
body: hyaline cartilage, fi brocartilage, and elastic cartilage. Hyaline 
cartilage covers the surface of the articulations of almost all diarthro-
dial joints and will be the focus of our description of basic biomate-
rial properties of cartilage. Cartilage has some similarity to bone in 
that it consists of cells (chondrocytes) surrounded by an extensive 
extracellular matrix that they secrete. However, cartilage is avas-
cular; lacking blood vessels, lymph channels, or nerves within its 
matrix; and the matrix secreted is not calcifi ed as in bone. The extra-
cellular matrix of cartilage consists primarily of collagen (type II), 
proteoglycans, and 60% to 87% water with inorganic salts and 
other minor matrix proteins and lipids (19,20). The collagen and 
proteoglycans form the major structural elements of cartilage, and 
these interact extensively on a molecular level with the smaller 
molecules, including water. The interaction of these elements with 
each other within cartilage and their interaction with the water 
in the matrix determine the primary biomaterial properties of 
cartilage.

The major collagen and proteoglycan structural element on 
the cartilage of articular surfaces is not randomly organized and 
can be divided into histologic zones that differ in cellular organi-
zation from the surface to the underlying subchondral bone (20) 
(Fig. 8.9). The orientation of collagen fi bril bundles within the matrix 
differs between the layers (Fig. 8.9) with a tangential orientation 
at the surface, random organization in the middle zone, and radial 

occur under conditions of compression loading of a joint, coupled 
with a shear or a lateral force across the articulation with a failure 
of the joint bony plateau. Bending and torsional loading produce 
multiple types of material stresses on bone depending upon the 
direction of the loading. As described earlier, bending of an object 
produces tensile stress on one side of an object and compression on 
the other (Fig. 8.4). Bone is weaker in tension than compression, so 
bone material failure begins upon the tensile stress side (Fig. 8.8). 
Immature bone, which is less calcifi ed and more ductile, may be 
more sensitive to compression and fractures may occur on the com-
pressive side fi rst. Torsional loading (Fig. 8.8), or usually twisting 
around the long axis of bones, produces shear stresses around the 
neutral axis while compression and tension loading are diagonal 
to the axis. The resulting failure (spiral fracture) is initially due to 
shear stress followed by tensile stress failure along a diagonal axis. 
As should be expected, if there are weaknesses in the bone struc-
ture, such as during rehabilitation after injury, failure will occur at 
the weakest point or at the site of bony defect with bending loads.

The biomaterial failure of bone under stresses is greatly infl u-
enced by the attachment and contraction of muscles. Muscle activ-
ity can decrease or counter stresses produced on bone by altering 
the direction of the resultant stress vectors to those to which bone 
may be more tolerant. Figure 8.8 shows how muscle activity may 
alter a bending or tensile stress to produce compression stress. As 
bone is very resistant to compressive stress (such as weight on the 
long axis of the tibia), this redistribution of stress can be important 
to avoiding stress fracture. Consequently, the physiologic tiring of 
muscle during strenuous exercise can contribute signifi cantly to 
fractures because the protective mechanism is lost.

While sudden, large stresses are usually associated with bone 
fracture, failure of the material itself can result from repetitive 
loading over a period of time. This fatigue-type fracture of bone 
involves an accumulation of smaller failures within the bone micro-
structure and is dependent upon the magnitude, frequency, and 
rate of loading. Even low-level repetitive loads may produce fatigue 
microfractures in bone (6). In living bone, these microfractures will 
be repaired by cellular reactions to the injury. If the fatigue process 

Figure 8-8 Examples of fracture types resulting from a material 
failure due to a primary stress component. A. Tensile fracture of the 
calcaneus. B. Spiral fracture from torsional stress of the tibia. C. Bend-
ing stress fracture. D. Example of how muscle contraction forces can 
act to counter bending stress. Bending stress produces tensile forces 
on one side of the tibia and compressive stress on the other (see 
fi g 8.4). Muscle contraction can act to counter the tensile compo-
nent by producing a compressive moment. (Portions of this fi gure 
have been adapted from Gollnick PD, Matoba H. The muscle fi ber 
composition of skeletal muscle as a predictor of athletic success. An 
overview. Am J Sports Med. 1984;12:212–217, with permission.)
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between long polymer molecules such as collagen and attached 
proteoglycans and the ionic binding of these chains to the water 
and other small molecules. The time required for the fl uid phase to 
reach a full equilibrium between cartilage layers under the applied 
load may require hours (21). However, because of the elasticity of 
the collagenous structural elements and ionic interactions with 
the small molecules of the matrix, this fl uid exchange is revers-
ible and supplies a pumping action of nutrients into and waste 
products out of cartilage in addition to normal diffusion. This 
action is particularly important because of the avascular nature of 
cartilage.

Articular Cartilage Has Several Properties That Act 
to Prevent Wear Damage

Under physiologic conditions, cartilage surfaces of joints contact 
each other under a variety of loading conditions while showing 
little wear. This occurs in spite of the fact that joint surfaces are 
not perfectly smooth. The prevention of wear is due in part to a 
system of lubrication of synovial articular surfaces provided by syn-
ovial fl uid and the properties of the cartilage itself. Fluids lubricate 
surfaces by preventing their direct contact (Fig. 8.9). The fi rst level 
of lubrication of joint surfaces is the absorption of lubricin, a gly-
coprotein in synovial fl uid that is absorbed onto articular surfaces. 
This provides a thin boundary of lubricant on the joint surface. 
The synovial fl uid itself also provides a thin fi lm of fl uid between 
the joint surfaces that can be redistributed under loading condi-
tions. Further, during loading, the fl uid extruded as a result of the 
compressive deformation of the cartilage will provide a fl uid layer 
to separate the opposed surfaces (23).

Under normal conditions, the fl uid-lubricating properties of 
the joint will prevent the direct contact of uneven sections or asper-
ities of joint surfaces to contact each other. If contact does occur, 
wear of the joint surfaces or interfacial wear (mechanical removal 
of material from a solid surface) may occur. This may consist of 
abrasion of the joint surface because of contact of uneven elements 
of the surface or small fragments of joint surfaces may adhere to 
each other and be dislodged. The effi cient lubricating properties of 
normal joint usually preclude interfacial wear, but it may occur in 
damaged or degenerated joints (22).

Cartilage Wear May Result from Several Different 
Mechanisms, Including Intrinsic Changes with Aging

While cartilage can be damaged as a result of traumatic injury as 
in shearing stress applied to the meniscal cartilage of the knee, the 
mechanisms of abnormal wear are not as clear. Hypotheses of the 
mechanism of cartilage wear include the disruption of the structural 
molecules of the cartilage matrix through repeated stress (24,25) 
and the alteration of the matrix content under the same conditions. 
As with bone, rapid loading of a viscoelastic matrix increases the 
stiffness of cartilage, and the loss of the fl uid component of the 
matrix will also increase stiffness. This loss of fl uid may include 
soluble proteoglycans from the cartilage surface that are important 
in the maintenance of its properties. Under conditions of rapidly 
repeated high-impact loading, the fl uid forced from the matrix that 
would normally provide a cushioning effect cannot be reabsorbed in 
time to cushion subsequent impacts. This may also produce plastic 
deformation of cartilage surfaces that does not suffi ciently recover 
for smooth surface contact upon subsequent loading. The increased 
stiffness and deformation of the matrix increases the likelihood of 
mechanical wear in addition to rendering the subchondral bone 
surface more vulnerable to damage.

orientation near the subchondral bone surface. This orientation 
provides the basic structural framework for the cartilage and resis-
tance to the loads placed upon it. Depending upon the particular 
joint function, the primary stresses may be compression, which, 
as the joint moves, contributes to shear and tensile stresses on the 
cartilage surfaces (Fig. 8.9).

Cartilage Has Signifi cant Viscoelastic Properties 
That Are Essential to Its Function

The collagen and proteoglycan structural elements of cartilage have 
spaces between them fi lled with water, salts, and other small mol-
ecules, forming a matrix with viscoelastic properties as previously 
described. Further, the structural elements contain molecules such 
as hyaluronic acid and have ionically charged groups throughout 
their structure. This property allows them to strongly bind water 
and inorganic salt within the cartilaginous matrix. The cartilage 
matrix has properties of fl exibility from a pliable, porous collagen 
superstructure containing small molecules that can be forced out, 
but with some molecular and ionic interaction based resistance to 
the effl ux. The properties of this matrix allow a viscoelastic behav-
ior in which the cartilage allows rapid, but declining deformation 
(cushioning) in response to compressive loads followed by creep or 
stress/relaxation (21) (Fig. 8.7). The slower deformation will con-
tinue until equilibrium is reached between the load and the forces 
resisting it within the matrix. The differing mechanical properties 
of the layers of articular cartilage interact dynamically to reach 
equilibrium in response to a sustained compressive force (22).

On a tissue level more closely related to normal function, the 
viscoelastic response of cartilage can be explained by a compres-
sive stress that produces a rapid effl ux of fl uid forced out of the 
extracellular matrix directly beneath it and in areas immediately 
adjacent to it (Fig. 8.9). The resistance to this effl ux of fl uid is 
dependent upon the effective porosity or space available in the 
cartilage matrix for fl uid to move. Other resistance to matrix 
deformation includes the internal friction generated by movement 

Figure 8-9 A. Schematic of the orientation (arrows) of collagen 
fi brils (drawn lines) in articular cartilage. The orientation varies from 
the articular surface to the bone interface. B. Representation of car-
tilage surface separated by a thin layer of lubricating fl uid (L) that 
prevents direct surface contact. C. With a compressive force on the 
surface (cf), additional fl uid is exuded and the matrix is compressed. 
Lateral movement produces tensile (t) and shear (s) stress on the 
cartilage surface and matrix components.
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in ligament tissue is less parallel than tendon and accounts for its 
higher resistance to tensile loading in orientations other than along 
the tissue axis. The collagen molecules are also linked to each other 
by crosslinks. While there are some important biomechanical dif-
ferences between ligaments and tendons, most of their properties 
are basically similar and will be described together here.

The Primary Biomaterial Characteristics of 
Ligaments and Tendons Are Described by 
Elastic Modulus and Viscoelastic Properties

The primary stress response characteristics of ligaments and ten-
dons are described by their modulus of elasticity properties. Under 
tensile loading (stretch), ligaments and tendons exhibit a modulus 
of elasticity that is variable with load (Fig. 8.10). Under low load-
ing, there is a relatively large increase in length in response to the 
load applied (low elastic modulus). This is attributed to length-
ening as the result of macromolecular “slack” within the collagen 
fi ber structure that offers less resistance to an imposed load. As 
the slack is taken up, fi bers slide relative to each other and fl uid 
is extruded from the matrix. The elastic modulus then increases 
(stiffness increases) gradually with increasing load and shows a lin-
ear response up to the point where failure begins. The behavior of 
tendons and ligaments is similar except for ligament tissue such as 
the ligamentum fl avum of the spinal column, where a high elastic 
content produces a different pattern of the elastic modulus.

The extracellular matrix of tendons and ligaments between the 
collagen fi brils has proteoglycans, a high water content, and other 
small ionically charged molecules that can interact with structural 
elements. This matrix is comparatively more porous than cartilage 
or bone, and is structured to resist tensile rather than compressive 
stresses. The viscoelastic properties become evident at high load-
ing rates, where the tissue will demonstrate increased stiffness and 
offer increased resistance to tensile stress (stretch). As with carti-
lage, repeated tensile loading in cycles can result in a slow increase 
in elastic stiffness due to plastic deformation (29,30). This plastic 
deformation is presumably due to molecular deformation in the 
fi brous structural elements of the tendon or ligament, and also to 
the inability of fl uid and small charged molecules to reequilibrate 
within the molecular structure.

Ligaments and tendons also demonstrate the viscoelastic prop-
erties of stress or load relaxation and creep. To characterize these 
properties, the tissue is placed under a tensile load (stretch) within 
the linear region of the elastic modulus and maintained at a con-
stant length (stress relaxation) or a constant load (creep). Ligament 
and tendon tissue adjusts its molecular structure and fl uid distri-
bution to the load primarily within the fi rst 6 to 8 hours, but will 
continue over a period of months. The creep phenomenon is used 
clinically as plaster casts or braces are employed to place a constant 
load to correct a soft-tissue deformity, such as some spinal curva-
tures (31).

Material Failure of Ligaments and Tendons 
Is Preceded by Microfailure of the 
Molecular Structural Elements

Overall failure of the ligament or tendon is usually sudden and 
preceded by the microfailure of the attachments between colla-
gen fi bers within the tissue and loss of the ability of the tendon or 
ligament to recover its length. With tendon and ligament, it is 
also important to distinguish eventual failure due to a sustained 
load (creep failure) from sustained cyclic loading and unloading 

Cartilage wear may also be complicated by the limited capacity 
of cartilage to repair or regenerate. This property gives it a limited 
capacity to adapt to stress. In conjunction with repeated stresses 
and minor injuries, a cycle of damage, wear, and insuffi cient recov-
ery may occur, leading to joint degeneration and/or osteoarthritis. 
The inability of cartilage to recover during repeated high stress 
loads may be one source of macroscopic structural defects observed 
in cartilage (26) and responsible for the high incidence of specifi c 
joint degeneration and the development of osteoarthritis in per-
sons with certain occupations (football players and dancers).

The intrinsic composition and properties of cartilage also change 
with age (27). The matrix composition changes and permeability 
increases, decreasing cartilage stiffness and rendering it less resis-
tant to rapid loading. Along with the accumulation of injuries from 
which the tissue cannot recover, these age-related changes may con-
tribute to the increased incidence of joint degeneration with age.

LIGAMENTS AND TENDONS

Ligaments and Tendons Are Dense, Regular 
Connective Tissue with a High Resistance 
to Tensile Loading

Ligaments and tendons, along with joint capsules, surround the 
articulations of the skeletal system. Their functions are, in the case 
of ligaments and joint capsules, to structurally connect, stabilize, and 
guide the bones forming the articulation (28). They may also act as 
a sensor for joint position and strain for the joint. Tendons connect 
muscle to bone and transmit forces from muscle to bone to produce 
motion. Both tendons and ligaments are classifi ed as dense, regular 
connective tissues. They have sparse cellular elements and abun-
dant extracellular matrix in a highly organized array. The extracel-
lular matrix is rich in collagen and water with a small amount of 
elastin, again producing a viscoelastic behavior under stress. The 
collagen molecules are linked together in lengthwise overlapping 
arrays to microfi brils, which are in turn combined in similar over-
lapping arrays to form fi brils, then fi bers, and bundles of fi bers to 
form the macroscopic tendon (Fig. 8.10). This successive parallel 
linkage down to the molecular level makes ligaments and tendons 
capable of handling high tensile loads. The arrangement of fi brils 

Figure 8-10 Left. Schematic view of the structural organization 
of tendon. Microfi brils are the smallest component consisting of 
collagen molecules. Microfi brils are organized into fi brils that are 
grouped into fi bers. Fibers are grouped into fascicles that com-
prise the tendon. Right. Idealized version of a stress/strain curve for 
tendon under tensile stress. The toe region is a nonlinear behavior 
attributed to the “slack” between collagen molecules. The elastic 
region has a linear relationship between stress and strain. In the 
plastic region, permanent deformation occurs, eventually resulting 
in failure.
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Figure 8-11 Schematic of the structural organization of a muscle. 
The basic subcellular unit of the muscle is the myofi bril. Collections 
of myofi brils are present in muscle cells (muscle fi bers). Muscle 
fi bers are organized into fascicles and groups of fascicles make up 
the muscle. The connective tissue coverings of the muscle include 
the endomysium that surrounds muscle fi bers, the perimysium sur-
rounding muscle fascicles, and the epimysium surrounding the 
entire muscle.

The metabolic and contractile properties of muscle fi bers may 
differ according to the physiologic demands placed upon them as 
described subsequently.

Both Contractile Elements and Connective 
Tissue Contribute to the Biomechanical 
Properties of Muscle

Muscle may be histologically and mechanically described as bun-
dles of contractile elements in a series of connective tissue sheaths 
(Fig. 8.11). The basic unit of the contractile/connective tissue rela-
tionship is an individual muscle fi ber surrounded by a connective 
tissue sheath, the endomysium. This basic unit of skeletal muscle is 
then organized into fascicles or groups of fi bers by a thicker con-
nective tissue sheath, the perimysium. Finally, groups of muscle fas-
cicles are organized into the entire muscle itself and covered by the 
epimysium, which surrounds the entire structure. The epimysium 
and loose connective tissue form the fascial planes between mus-
cles. The connective tissue sheaths are continuous with each other 
and the muscle tendon and/or attachments to bone. Both connec-
tive tissue and the contractile elements contribute to the biome-
chanical properties of muscle. The contractile elements provide 
active energy expending forces with some elastic and viscoelastic 
properties, while the connective tissue contributes passive elastic 
and viscoelastic infl uences on the pattern of force transduction to 
the skeleton.

The Basic Relationship Between Nerve and 
Muscle Is Defi ned by the Motor Unit

Muscle fi bers contract in response to acetylcholine released by 
motor nerves. An individual motor neuron, with the muscle fi bers 
contacted by it, forms a motor unit. The size of motor units may 
vary dramatically between muscles and within the muscle itself. 
The motor neuron generates an action potential lasting 1 to 
2 ms that produces a contraction of all of the muscle fi bers in a 
motor unit in an “on-off ” fashion. The response of the motor unit 

(fatigue failure). Both are important biomaterial properties for 
tendon and ligament. As with bone, a smaller degree of microfail-
ure may occur within the range of physiologic loading, suggest-
ing that repeated stress may lead to declining strength or fatigue 
over time (32). There may be a range of damage depending upon 
the total deformation and extent of partial failure. Infl ammation 
resulting from such damage is associated with tendonitis (32).

Failure of both tendons and ligaments may also occur at the 
bone interface. The site of failure may depend upon the loading 
rate (33). Tendons, with their attached muscles, typically have a 
higher tensile strength than muscle, and rupture of muscle is more 
common than tendon. The instability of the joint that may result 
from tendon, or especially ligament, damage can contribute to and 
be complicated by damage to the joint capsule. This damage and 
associated abnormal loading patterns may contribute to osteoar-
thritis (31).

Ligaments and Tendons Can Adapt to Stresses

Like other tissue, ligament and tendon structurally remodel in 
response to the stresses placed upon them within the limits of dam-
age (32). They become stronger and stiffer with increased stress 
and weaker and less stiff with a reduction in stress (34). Physical 
training can increase the strength of tendons and ligaments along 
with the ligament-bone interface (35,36). Immobilization (such 
as from casting) can decrease the strength and stiffness of liga-
ments. While reconditioning can occur, it can require a consider-
able length of time (34,37).

The Properties and Structure of Ligaments and 
Tendons Change with Age

During maturation, the number and quality of crosslinks increases 
in the collagen of ligaments and tendons and fi bril diameter 
increases as well (38), producing increased tensile strength. The 
mechanical properties of collagen reach a maximum with matu-
ration and begin to decrease with age (39). The collagen content 
of ligaments and tendons decreases as well. This loss of collagen 
results in a decrease in strength, stiffness, and the amount of defor-
mation required to produce to failure (40). However, the overall 
biomechanical properties of tendon remain reasonably constant 
with age (41). The amount of time required for tissue repair and 
reconditioning (discussed previously) will also increase. Other 
physiologic factors, such as pregnancy, can also affect the biome-
chanical properties of ligaments and tendons (31,40).

SKELETAL MUSCLE

Skeletal Muscle Provides the 
Forces for Body Movement

Since a more complete description of muscle is given elsewhere in 
this volume, only those elements essential to understanding the bio-
mechanical aspects of muscle tissue will be given here. Of the three 
types of muscle tissue, skeletal muscle is the most abundant tissue in 
the body, accounting for 40% of body weight (42). The forces nec-
essary to provide movement to the body are provided by the con-
traction of skeletal muscles acting across joints. These contractions 
may produce dynamic work or participate in static maintenance of 
posture. While subcellular units known as sarcomeres are the source 
of muscle contraction, the basic contractile unit of skeletal mus-
cle as a tissue is the muscle fi ber. The fi ber may range in size from 
10 to 100 mm in diameter and between 1 and 30 cm in length (43). 
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components, the connective tissue that surrounds them (and the 
whole muscle), and the tendon of its insertion. From a mechanical 
viewpoint, this combination is a musculotendinous unit (44). The 
contractile elements add a rapid tensile load on the connective 
tissue elements, which in turn respond according to their elastic 
and viscoelastic properties as described earlier. As with ligaments 
and tendons alone, this will mean that there is rapid component to 
stretch, produced in this case by contraction, followed by a slower 
change in length as the connective tissue elements reach equilib-
rium with the contracting force (Fig. 8.12).

The connective tissues surrounding the muscle and its tendon 
have elastic properties that can store energy with stretch like a rub-
ber band. In the process of muscle contraction, the tendon and 
connective tissue are stretched. The energy is released by moving a 
body segment or by stretching the contractile elements as the mus-
cle relaxes. The elasticity also helps to keep the muscle prepared 
for contraction by reducing slackening of contractile elements, 
preventing passive overstretch of muscle fi bers, thereby reducing 
the danger of injury. This energy storage also occurs as muscles 
are stretched under load. The muscle contractile elements may also 
have some elasticlike properties of energy storage (45,46).

The sum of the interaction of the contractile elements and 
elastic elements of muscle contraction can be demonstrated in the 
force-time curve of muscle contraction (Fig. 8.12). While the ten-
sion or force of contraction of the muscle fi bers may reach maxi-
mum within a relatively short time, a much longer time is required 
for this tension to be transferred through the elastic components. 
Because of this time lag, the active contraction process must be 
long enough in time for the full transfer of tension to occur.

Many Factors, Such as Length, Load, and 
Temperature, May Affect the Force 
Produced by Muscle Contraction

The force of muscle contraction can be affected by various mechan-
ical factors, including length-tension relationships, load-velocity, 
and force-time properties (43). Other signifi cant factors may 
include temperature, muscle fatigue, and prestretching. The length-
tension property of a muscle as a whole (Fig. 8.12) involves both 
the active contractile elements and the passive connective tissue 
elements (47). The maximum force or tension produced by con-
tractile elements, such as the muscle fi ber, is obtained at near its 
resting length. Contraction at lengths beyond or smaller than the 
resting length results in reduced tension production by the muscle 
fi ber. This is a result of intrinsic properties of muscle fi ber sarcom-
eres. For the muscle as a whole, reducing or increasing the muscle 
length from its resting position will reduce the tension produced by 
contractile elements. However, increasing muscle length will also 
produce a passive tension as a result of stretching the connective 
tissue elements, although the contractile force is reduced. The pas-
sive component of stretch, which is readily detectable by passively 
stretching a relaxed limb, will eventually become the dominant 
source of resistance or tension as muscle length increases, effec-
tively protecting the muscle from overstretch. (Fig. 8.12).

Applied Loads Affect the Velocity 
of Muscle Contraction

The relationship of the load applied to a muscle and the veloc-
ity with which it contracts defi nes the load-velocity property of 
muscle contraction. The shortening of muscles contracting con-
centrically is most rapid with no external load and progressively 
slows with increasing external loads (48). The shortening velocity 

to a single action potential is termed a twitch, the basic unit of 
recordable muscle activity. The time required for a motor unit to 
fully contract and then return to resting length is variable (from 
10 to 100 ms) according to fi ber type, but in all cases much longer 
than a nerve action potential. If additional nerve stimulation occurs 
before the contraction phase of the twitch has ended, contraction 
can be maintained and increased in a process called summation. 
The limit of summation, such that contraction is maintained and 
does not increase with a greater frequency of stimulation, is called 
tetanic contraction or tetany. The force of contraction of the muscle 
as a whole may be further regulated by increasing or decreasing the 
number of motor units used to produce the contraction, a process 
termed recruitment. In this way, the nervous system may control the 
force of muscle contraction by the size and number of motor units 
employed to produce the contraction and the frequency of activa-
tion of motor units.

Types of Muscle Contraction Are Defi ned by the 
Movements Occurring During Contraction

Dynamic muscle contractions in the processes of producing move-
ment can be classifi ed as concentric and eccentric. Concentric con-
tractions produce movement in the direction of muscle contraction 
(Fig. 8.12), while eccentric contractions act to decelerate or resist 
movement, as in slowly placing an object down rather than let-
ting it fall. Muscles also produce contractions without substantial 
movement, as in static posture against gravity. This type of contrac-
tion is termed isometric, as no change in muscle length occurs dur-
ing contraction. Another term, isotonic contraction, refers to muscle 
contraction with a change in length under constant tension.

The Mechanical Properties of Contractile 
Elements and Their Connective Tissue in Muscle 
Is Described as a Musculotendinous Unit

The force production characteristics of a muscle as a whole 
are a combination of the material properties of its contractile 

Figure 8-12 Left. Types of muscle contraction. A. Concentric. 
B. Eccentric. C. Isometric. Right. Top—Muscle tension relationship 
to muscle length. The greatest active tension is near the muscle-
resting length. The passive tension component from stretch of 
connective tissue increases beyond the resting length. Bottom—
Force-time relationship of muscle contraction. The time lag in reach-
ing maximum force is related to the elasticity of tissue components.
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These properties make this fi ber type well suited for prolonged 
low-intensity work (51). Type IIA fi bers are fast contracting and 
rich in aerobic and anaerobic (glycolytic) enzymes with a moderate 
resistance to fatigue. They appear to be intermediate between type 
I and type IIB in their capacity for contractile force and resistance 
to fatigue. Type IIB fi bers are fast contracting, rely primarily on 
glycolytic pathways, and may fatigue rapidly. However, they have 
a large fi ber diameter and can produce relatively large amounts of 
tension.

Muscles May Have Some Ability to Change 
Their Fiber Type According to Demand

Most muscles are of mixed fi ber types with the proportion of fi ber 
types determined by the nerve innervating the muscle (52,53). The 
overall distribution of muscle fi ber types in the muscles of the body 
appears to have a strong genetic component (42,51,54). The fi ber 
type can be changed with nerve stimulation (55), suggesting that 
patterns of activity may alter fi ber metabolism. Some changes in 
fi ber types may also occur with physical training, but much of this 
change is a result of increases in the cross-sectional area of the fi ber 
type corresponding to the activity rather than an actual change in 
fi ber type (54,56). The extent to which actual alterations in the 
type of muscle fi ber occur as a result of activity demand therefore 
remains unclear.

Muscle Adapts to Physiologic Demands

Although the extent of fi ber type change under physiologic condi-
tions is unclear, muscle will clearly remodel according to the stresses 
placed upon it. Muscle atrophies with disuse and hypertrophies 
with increased use. Studies of muscle atrophy in both animal and 
clinical studies suggest that early dynamic motion after debilitating 
injury may be important in the minimization of atrophy, particu-
larly of type I muscle fi bers (57,58). Electric stimulation may also 
prevent some of this fi ber loss (56). Hypertrophy of muscle with 
physical training is generally the result of increases in the cross-
sectional area of all muscle fi bers (58,59).

MUSCULOSKELETAL BIOMECHANICS

Primary Biomechanical Musculoskeletal Models 
Consist of Segments Moved by Muscles 
Across Joints

Biomechanical aspects of the skeleton involve contributions from 
all of the biomechanical aspects of the tissues described in the pro-
cess of producing movement. As a simplistic model, it is easiest 
to consider the body as a series of segments (bones) containing 
muscles that are attached across the segments. Joints form the 
junctions between segments or bones and transfer the forces gener-
ated by muscles or from external sources between the segments. In 
the following simple models of movement, joints will be regarded 
as simple pivot points, moving in one plane (coplanar). The more 
complex considerations of joint movement and shape of articula-
tion will be addressed in subsequent sections.

Force Moments Are Used to Describe Models of 
Musculoskeletal Movement

Using the simple model used for the descriptions of moments ear-
lier in the chapter, a joint, such as the elbow (Fig. 8.13), becomes a 
rotation system with the fl exor system and the extensors using the 

will reach zero as the load reaches the maximum contraction force 
of the muscle (isometric contraction) and then reverse to a length-
ening velocity with eccentric contraction. As might be expected, 
eccentric contraction lengthening velocity increases with increas-
ing external load.

A Rise in Temperature Can Increase the 
Effi ciency of Muscle Contraction

In the process of contraction, muscle effi ciency is usually no more 
than 20% to 25% in the translation of chemical energy into useful 
work, with the majority of the energy being dissipated as heat (42). 
Even so, the heat dissipation can have positive effects on muscle 
contraction properties by increasing temperature. As would be 
attained through a warm-up procedure, temperature increases usu-
ally arise from increased blood fl ow and the production of heat by 
the muscle itself from metabolic reactions and friction generated 
by the sliding of molecules past each other in the contractile and 
elastic elements. Within physiologic ranges, increases in tempera-
ture will increase the conduction velocity across the muscle fi ber 
membrane (sarcolemma) (48), increasing the rate of contraction 
and increasing the rate at which the muscle can be stimulated. 
This can mean an increase in the production of muscle force. A 
rise in temperature can also increase enzymatic activity related 
to muscle metabolism and increase the effi ciency of muscle con-
traction. The viscoelastic properties of the musculotendinous unit 
are also affected by rises in temperature, generally increasing the 
elasticity of the collagen, decreasing stiffness, and enhancing the 
extensibility of the unit. While these basic biomechanical prop-
erties of muscle tissue change with temperature to enhance the 
contractile properties of the musculotendinous unit, the effects 
from stretching or “warming up” prior to activity are much more 
complex and not completely understood (49,50). The physiologic 
aspects of stretch (or release) involve highly signifi cant neural com-
ponents and refl exes beyond the biomechanical properties of the 
tissues alone.

Muscle Fatigue Properties Are Affected by the 
Muscle Fiber Type(s) Comprising the Muscle

Fatigue of muscle with prolonged contraction activity results from 
the depletion of the nutrients and oxygen required to produce ade-
nosine triphosphate (ATP) as an energy supply from either aerobic 
or anaerobic glycolysis. The result is a decrease in force production 
by the muscle eventually to total cessation (42). The rate at which a 
muscle will reach fatigue can vary according to the types of muscle 
fi bers it contains. Muscle fi ber types are distinguished by the rate at 
which ATP can be made available to the sarcomeres for contraction 
and the metabolic pathways through which ATP is generated. The 
rate of availability of ATP directly affects the rate of contraction or 
twitch time of a muscle fi ber. Accordingly, muscle fi ber types can be 
classifi ed as slow or fast twitch. Two primary metabolic pathways 
involved to generate ATP (oxidative or glycolytic) further divide 
these two basic types of contractile behavior. Using these proper-
ties, three primary muscle fi ber types are distinguished including 
type I or slow-twitch oxidative fi bers, type IIA, fast-twitch oxi-
dative-glycolytic fi bers, and type IIB, fast-twitch glycolytic fi bers. 
These different fi ber types have varying degrees of contraction 
time, resistance to fatigue, and a dependence on aerobic or anaero-
bic metabolism. As their names suggest, type I fi bers have slower 
contraction rates, and, with a metabolism directed toward aero-
bic pathways, are resistant to fatigue. They are relatively small in 
diameter and produce a relatively low amount of tension per fi ber. 
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Muscle Moments Necessary to Resist a Load Vary 
with Joint Position

As can be seen from Figure 8.13, although the length moment arm 
does not change, the proportion of muscle contraction force (vector) 
that is applied to resist the load will vary as the limb is fl exed. With 
the joint fully extended, most of the muscle contraction force vector 
is directed into the joint. This muscle component force also contrib-
utes to the joint reaction force and may be particularly important in 
the stabilization of load-bearing joints, such as the knee. The relative 
size of the joint reaction and load-resistive forces can be expressed 
by simple trigonometric functions in mathematical models, but it 
is suffi cient here to be aware of how these forces change with joint 
position. In this model, the portion of the muscle contraction vector 
used to resist the load increases as the angle of tendon is closer to 
a right angle (Fig. 8.13A, orthogonal) to the forearm. Beyond this 
point, a portion of the load vector becomes directed into the joint 
(Fig. 8.13C) reducing the effective load on the muscle, but placing 
stress on the joint and more proximal segments. In the fl exed posi-
tion, the angle of pull by the muscle directs a portion of the muscle 
contraction force against this load into the joint.

Muscle Moments Are Also Transferred 
Across Joints by Tendons

Muscle forces are also conveyed to distal segments across joints by 
tendons. In joints associated with the knee, hands, and feet, ten-
dons cross the joint(s) to produce a “pulley” effect (Fig. 8.14). In 
this arrangement, as in the knee, the distance between the center 
of rotation of the joint and the tendon defi nes the moment arm for 
the contracting muscle.

The wheel and axle mechanism (60) is an instructive related 
model used to achieve rotary movements (Fig. 8.14). In this case, 
muscle contraction forces are applied to the opposite sides of a seg-
ment to produce rotation about an axis. The length moment arm 
in this case is the distance to the center of rotation. This mecha-
nism is used widely throughout the body to achieve rotation of 
limbs and the body, as in rotation of the head, torso, or shoulder. As 
with simple fl exors and extensors, muscles producing rotational 

joint as a center of rotation to move the distal limb and any load on 
the limb. In mathematical modeling of joint function, the descrip-
tion of such movements is a system of balanced moments produced 
by the load on the limb and muscle contraction forces. Charac-
terizing movement in this way becomes particularly important as 
other aspects of joint function (noncoplanar movement, movement 
within the joint) and more mechanically complicated joint types 
are modeled.

As a distal segment moves relative to a more proximal seg-
ment, the distal segment will rotate about the instant center of 
the joint or center of rotation (c, Fig. 8.13). The effective distance 
from the center of the joint’s rotation to where the force is act-
ing (muscle insertion) is the moment arm (ma) for the muscle. The 
product of the force applied from the muscle and the moment 
arm (force × distance) is the moment (or torque) used to resist a 
load on the distal limb. For concentric contraction to occur, this 
moment of resistance must exceed the moment produced by the 
load (distance to the load from c × weight). In a more complete 
model, the weight of the limb must also be considered. Note also 
that if the load moment is resisted by the pull of the muscle, there 
is also a center of rotation created at the point of muscle inser-
tion about which the load exerts a moment into the joint (lrf, 
Fig. 8.13). Together with the portion of the muscle contraction 
force directed into the joint (discussed subsequently), this becomes 
part of the joint reaction force that applies a stress to the joint during 
movement.

Figure 8-13 Schematic of basic joint moments and their varia-
tion with movement. Sections on top represent muscle contraction 
moments. Figures on the bottom show moments generated by the 
load. A. Right angle resistance to a load (l ). Top. Moments about the 
joint center (c) include the moment arm of the muscle (ma) that is 
moved by a resisting component (r) of the muscle contraction force 
(m), this is resisted by the load (bottom) acting on a load moment 
arm (la). Joint reaction forces include the portion of the muscle force 
directed into the joint ( jr) and a moment generated from the load 
into the joint with a center of rotation about the muscle insertion (lrf, 
dotted lines displaced ). B. At extension, the angle of muscle pull 
directs more of the muscle force into the joint (top) and a portion of 
the load force (l ) moment pulls out on the joint as a distracting force 
(d ). C. In a fl exed position, the muscle moment (top) is divided into 
the resisting component (r) and a joint reaction distracting force 
away from the joint ( jr). A portion of the load force (bottom) now is 
directed into the joint (lj ).

Figure 8-14 Strategies of muscles and tendons pulling across 
joints. A. A pulleylike mechanism in which the direction of pull 
is changed. B. A similar mechanism is used in knee extension. 
C. A wheel and axle mechanism in which coactive forces act to 
rotate an axle, such as the shoulders (D) relative to the spine.
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Figure 8-15 Intra-articular movement of joint surfaces relative to 
each other. In gliding (also referred to as “sliding” or “translation”), 
surfaces move without rotation. In rolling, one surface rotates and 
translates over the other at a distance equal to the arc of the rotat-
ing surface. In spinning, one surface rotates on the other without 
translation. Compression and distraction are opposing vertical 
forces on the joint.

extremities have a primary degree of freedom in one plane, such 
as in the knees, elbows, or fi ngers. Shoulder and hip joints are an 
exception, as they have signifi cant ranges of motion in all three 
planes. Joints may also have a signifi cant rotational component, 
usually expressed as range of motion of the distal rotated element, 
as in pronation and supination of the hand. In general, there is a 
trade-off between intrinsic structural stability of joints and range 
of motion, depending upon the physiologic demands placed upon 
the joint.

Joint Surfaces Have Several Different 
Types of Relative Movement

As body segments are moved through their range of motion, sur-
faces within the joint will also move relative to each other. This 
movement may contribute to various aspects of the motion pro-
duced. The relative motion of joint surfaces may include gliding, 
rolling, rotation, compression, or distraction (Fig. 8.15), or a com-
bination of these movements. Gliding (also referred to as transla-
tion or sliding) represents a movement of one surface relative to 
another without a rotational component. In rolling, one surface of 
the articulation rolls over the other, like a ball rolling over a surface. 
Rotation (spinning) consists of one joint surface spinning on the 
surface of the other without a translational component. Compres-
sion represents force pushing the joint surfaces together, while dis-
traction tends to pull the surfaces apart.

Movements between articular surfaces in a joint can occur in 
consistent combinations (coupled) such that one type of motion is 
always accompanied by another. This motion coupling can occur 
for movements within the same articulation (see the upcom-
ing example given under “The Knee”) or in another joint that is 
part of an articulation complex (see the example given with “The 
Elbow” later in the chapter) (62). A disruption of one part of a 
coupled motion will affect the other and can produce dysfunction 
of the joint or joint complex. An example of this is a coupling of 
the elbow complex where there is a coupling of the intra-articular 

components work in pairs and signifi cant clinical problems may 
arise from imbalances in function of the pair.

Muscle Moments Generally Have a 
Low Mechanical Advantage

As suggested in the examples that have been given, the lever 
arrangement of muscle insertions and joints in limbs is such that a 
comparatively small distance of muscle contraction can produce a 
large displacement of the load at the expense of needing large mus-
cle contraction forces. This is described as having a low mechanical 
advantage. The relative mechanical advantage is a function of the 
position of the muscle origin and insertion on the two bony segments 
relative to the joint. Because both the moment arm (distance, d ) 
and the contraction force (  f  ) equally contribute to the moment 
(  f × d ) producing the movement or resistance, small differences in 
the moment arm can produce signifi cant changes in the amount of 
muscle contraction required. As origins and insertions of muscles 
and segment lengths vary markedly between individuals, the abil-
ity to produce different types of movement using the same muscle 
contraction force will also differ.

While muscles must create large forces to produce movements 
at a low mechanical advantage, distally applied loads, such as to the 
hand acting through the elbow, have a comparatively large moment 
arm (Fig. 8.13) and require less force to produce large moments 
about the joint. This will be true of manipulative forces placed dis-
tally for purposes of applying passive stretch to muscles and joints. 
It is a useful principle, but must be approached with caution, since 
large, potentially damaging force moments can be generated.

Joint Structure Defi nes How Movements 
Can Occur Between Body Segments

Beyond movement models that regard joints as simple pivot points 
for the transfer muscle forces between body segments, the next 
level of modeling must consider the structure of these interseg-
mental contacts. In fact, the directions of movement that can occur 
between body segments are largely defi ned by the structure of the 
joints between them. Joints are classifi ed according to the type of 
tissue they contain and their structure. On a tissue level, joints are 
classifi ed into three primary types: fi brous, cartilaginous, and syn-
ovial. Fibrous joints are located in areas such as the articulations 
of the skull, while cartilaginous joints include the discs between 
vertebrae, and synovial joints are located in articulations of the 
limbs. The vast majority of body motion occurs across synovial and 
cartilaginous joints. The primary cartilaginous articulations will be 
described subsequently, with considerations of the spinal column. 
The remaining synovial joints have been divided into several cat-
egories according to the primary types of movements that occur 
across them. Anatomically, the major types are gliding, hinge, 
pivot, condyloid, saddle, and ball and socket (61). Other than the 
joints described later in this chapter, more detailed descriptions of 
these joint structures and their limitations on range of motion can 
be found in general anatomic texts.

Range of Motion Describes the Extent of 
Body Segment Movement Across Joints

Movements are usually described as occurring in one of the pri-
mary body planes (frontal, sagittal, or transverse). The extent of 
joint motion in a plane defi nes its range of motion in that plane, 
usually in degrees. Although all synovial joints may have some 
minor range of motion in all three planes, most joints in the 
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sagittal plane where a range from full extension to full fl exion is 
approximately 140 degrees (63). Motion in the transverse plane 
(internal and external rotation) and frontal planes (abduction and 
adduction) is dependent upon the positioning of the tibia relative 
to the femur. In the transverse and frontal planes, full extension of 
the knee precludes almost all motion due to an interlocking of the 
femoral and tibial condyles, while range of motion increases as the 
knee is fl exed. Maximal internal and external rotation is possible 
with the knee fl exed at approximately 90 degrees ranging from a 
neutral position to 45 degrees of external rotation and 30 degrees 
of internal rotation. In the frontal plane, passive adduction and 
abduction is obtained at approximately 30 degrees of fl exion, but it 
is only a few degrees in either direction (63).

Primary Muscle Forces Through the Knee Are 
Conducted Through the Hamstrings 
and the Patellar Tendon

The primary muscle forces through the joint occur through the 
quadriceps tendon and hamstrings. The hamstrings use the knee 
joint as a primary lever in fl exing, while the quadriceps use the 
patellar tendon system as a pulley with the center of rotation within 
the femoral condyles (Fig. 8.16). As with other hinge-type joints, in 
a basic biomechanical model, muscle contraction forces are divided 
primarily into a joint reaction force directed into the joint and a 
force moment that acts to move the mobile segment. In exten-
sion of the knee, the moment that acts to straighten the knee pulls 
on the leg through the patella and tendon. This will act to rotate 
the tibial plateau relative to the condyles of the femur. Presuming 
a constant muscle force, this component of moment decreases or 
mechanical advantage decreases in proportion to the joint reaction 
force as extension proceeds (Fig. 8.16). This decrease is to some 
extent compensated by the movement of the patella and the shape 
of the femoral condyles as described subsequently. With fl exing 

motions of humeroulnar and humeroradial joints during fl exion/
extension movements (see “The Elbow”). Coupling of articular 
surface motions within the joint also depends upon which seg-
ment of the joint is mobile (62). An example of this difference is 
the articular surface movement of the knee during weight bear-
ing versus swing phase (see “The Knee”). Signifi cant alterations in 
the relative movements of joint surfaces can produce problems in 
joints, including abnormal wear and dislocation.

The Instant Center Defi nes the Center of Rotation of 
a Body Segment at Any Given Time

In order to study movement within a joint during functional move-
ment, both the motion of the surfaces relative to each other and 
the shape of the articulating surfaces must be considered. As one 
segment moves in a joint such as the knee, the center of rota-
tion located within the joint at any instant will have zero velocity. 
Because the femoral condyles and tibial plane are not spheric sur-
faces and translational movement can occur within the joint, the 
center of rotation of the leg will change as the leg is extended. To 
determine properties such as the length of the moment arm under 
these circumstances, the center of rotation must be redefi ned as 
instant center of rotation joint at any given time (63). The instant 
center can be defi ned clinically from sequential roentgenograms 
or other pictures of movement using the intersection of lines from 
defi ned points from the joint segments. This technique can be 
important for identifying abnormal joint movement. It should be 
noted, however, that displacement of the instant center can occur 
in all three dimensions simultaneously. Roentgenograms or other 
planar depictions of joint motion can be misleading. From a func-
tional point of view, changes in the location of the instant center 
will change the relative magnitude of the contraction-force vectors 
of the muscle tendon acting across a joint. This can result in weak-
ness or abnormal stresses within the joint.

SOME PROPERTIES OF SPECIFIC JOINT 
ARTICULATIONS

The previous discussions in this chapter have focused on the bio-
mechanical properties of tissues and models of forces acting to cre-
ate movements or stresses on body segments. We will now consider 
how these properties apply to some of the primary articulation 
systems in the body. The biomechanical aspects to be considered 
are not intended to be comprehensive.

THE KNEE

The knee joins two of the body’s longest moment arms (the thigh 
and leg) in a joint consisting of two primary articulations, the 
tibiofemoral joint and the patellofemoral joint (Fig. 8.16). Because 
of its location and weight-bearing properties, the knee sustains 
relatively high load forces and is particularly susceptible to injury. 
Stability of the knee is obtained from the internal and external liga-
ments, joint capsule, and muscles acting across the joint. The carti-
lage menisci act to distribute the compressive stresses between the 
condyles of the femur and the tibial plateau.

The Knee Has One Primary Range of 
Motion in the Sagittal Plane

Although the knee joint itself has some range of motion in all 
three planes of motion, its primary range of motion is in the 

A B C

Figure 8-16 A. The knee joint consists of the tibiofi bular (t) and 
patellofi bular joints (p). B. Moments produced by the load (L) of 
body weight require little muscle activity with the knee extended, 
but are maintained by a muscle contraction force through the patel-
lar tendon (m), which produces moments through a moment arm 
(a) to the instant center of rotation of the joint (c). The moment 
is divided by the angle of muscle pull into a joint reaction force 
(jr) and an extending component (e). C. With the knee fl exed, the 
body weight produces a moment through the joint (c) that must be 
resisted by the extending component (e). In this instance, the patella 
increases the distance of the tendon from the femur to provide a 
more advantageous angle for the muscle contraction force on the 
tibia. This increases the proportion of the extension moment. Note 
that the position of the center of rotation (c) has changed slightly.
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by external rotation of the femoral condyles relative to the tibial 
plateau (64). This provides additional stability to the joint in cer-
tain circumstances.

The Intra-articular Movements of the Knee Depend 
Upon Which Surface Is Moving and Load Bearing

The femoral condyles also glide (slide, translate) on the tibial pla-
teau as the knee is moved (described previously). These structural 
properties of the femoral condyles can act to change the center of 
rotation as the joint progresses through its range of motion and 
alters the effective moment arm length through which the muscle 
contraction forces are acting. The relative movements of the joint 
surfaces in the knee give an example of how motion coupling can 
depend upon the load status of the joint and which joint surface is 
mobile (62). In walking, as the leg swings forward (swing phase), 
the femoral condyles and tibial plateau are not under the compres-
sive load of the body. The movement is a gliding motion of the tibial 
plateau coupled with a rolling of the tibia on the femoral condyles 
in the same direction. When the leg is placed on the ground with 
the knee partially fl exed and then extended as the body is moved 
forward (see “Normal Locomotion (Gait) Employs the Entire 
Body for Effi ciency of Movement” later in the chapter), the tibial 
plateau is stable relative to the femoral condyles. The motion of the 
joint surfaces now consists of a gliding and rolling of the femoral 
condyles on the tibia in opposite directions. This is an example of 
how compressive forces and segment stabilization change articular 
surface motion. This can have important implications in surface 
damage and dysfunction.

Knee Joint Structure and the Movement of Joint 
Surfaces Promote Effi ciency of Movement

Through their structure and interaction during movement, the 
patellofemoral joint and femoral condyles contribute to the effi -
cient use of muscle contraction forces for movement and joint 
stability by changing the moment arm (mechanical advantage) of 
the contracting muscles in the process of extending or fl exing the 
knee. This has important consequences for movement through the 
knee and load bearing. The effective use of these structural proper-
ties is dependent upon internal joint movement and the joint sta-
bility provided by soft tissues. For this reason, soft-tissue injury 
or changes producing either a lack of or excess of internal “play” 
in the knee joint can contribute to serious problems with joint 
function.

THE HIP

The Hip Is a Load-Bearing Ball-and-Socket Joint 
with Ranges of Motion in All Three Planes

The relatively rigid ball-and-socket arrangement of the hip joint 
between the head of the femur and the acetabulum provides 
greater intrinsic stability compared to joints such as the knee. 
In addition to stability, the ball-and-socket structure of the hip 
allows greater range of motion in all three planes of body move-
ment. Motion in the sagittal plane is greatest with approximately 
140 degrees of fl exion and 15 degrees of extension from a neu-
tral position. The range of abduction is approximately 30 degrees 
and adduction 25 degrees. External rotation from a fl exed position 
is approximately 90 degrees and internal rotation approximately 
70 degrees. Rotation decreases with extension due to soft-tissue 
restrictions (65).

a straightened knee, the opposite is true; the proportion of the 
fl exor moment increases relative to the joint reaction force as the 
movement proceeds.

The Knee Must Withstand Very 
High Joint Reaction Stress Forces

In a load- or weight-bearing model of the knee, the leg is consid-
ered stable, and muscle contraction forces and joint structure are 
used to resist gravity. The force exerted through the knee from the 
weight of the body is termed the ground reaction force (body mass 
× the acceleration of gravity). Note that both the ground reaction 
force and muscle contraction forces contribute to produce the joint 
reaction force or total force directed into the joint as described pre-
viously. These combined forces, along with the impact of landing 
from activities such as jumping, can produce very high compressive 
and other stress forces on the knee joint surfaces.

If the knee is fully extended, most of the ground reaction 
force is directed through the bone structure of the femur and tibia 
(a moment arm through the joint of almost zero), and minimal or 
no muscle contraction force is required to resist the ground reac-
tion force. This changes as the knee is bent, and at 90 degrees of 
fl exion, extensor muscle reaction forces must resist the ground 
reaction force consisting of the body weight acting at a distance 
of almost the entire length of the femur. At this angle, the exten-
sor muscles have a relatively small moment arm. Accordingly, a 
very high muscle contraction force in excess of body weight 
must be exerted to resist a moment of this magnitude. The knee 
joint has several mechanisms to help compensate for the rather 
low mechanical advantage of muscle contraction forces in this 
situation.

The Application of Muscle Contraction Forces to 
Movement Across the Knee Is Affected by the 
Structural Properties of the Joints

Beyond the basic segment model, there are basic structural prop-
erties of the knee that change the mechanical advantage muscles 
across the joint. These primary structural properties include the 
patellofemoral joint and the shape and movement of the femoral 
condyles. The patella and tendon act to increase the moment arm 
for the quadriceps by increasing the effective distance of the tendon 
from the center of rotation of the joint, thereby increasing the com-
ponent of the muscle contraction force vector acting to straighten 
the joint (Fig. 8.16). This adds mechanical advantage to the exten-
sor muscle contraction forces in a partially fl exed knee. The gliding 
(sliding) motion of the patella between the medial and the lateral 
femoral facets also alters the moment arm over the range of motion 
of the knee. Additionally, the patella acts to distribute this force 
over the surface of the femoral condyles.

The primary properties of the femoral condyles that affect the 
mechanics of movement include the noncircular shape of the con-
dyles and their movement on the tibial plateau (Fig. 8.16). The 
shape of the femoral condyles is such that the center of rotation 
of the joint changes through the knee’s range of motion, giving a 
greater moment arm to extensor forces as the knee is fl exed. This 
can be important in resisting the high forces such as body weight 
with a partially fl exed knee. In addition to a noncircular shape, the 
femoral condyles also have differences in their effective diameters 
with the medial being larger. This produces a coupling of fl exion 
and extension with a rotational component to the knee (called 
the screw-home mechanism), such that fl exion is accompanied 
by an internal rotation component and extension is accompanied 
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mass is no longer directly over the bony structure and produces an 
unbalanced moment about the center of rotation of the hip joint. 
To restore equilibrium, the force of the contracting abductor mus-
cles must generate an equal force moment across the hip in the 
direction opposite of the moment generated by the body weight. 
By measuring the length of the moment arms for muscle contrac-
tion in the body and knowing the body weight, the approximate 
resisting moment of muscle contraction can be calculated along 
with the joint reaction component produced.

Note that in this model, the angle of the femoral neck will 
affect the relative lengths of the moment arms (or the angle of 
pull) by muscles. This will directly infl uence the muscle contraction 
forces required to resist the body weight moment and the propor-
tion of the contraction force directed into the joint. This is why an 
abnormal angle of the femoral neck can adversely affect hip func-
tion and the stresses on the joint.

Hip Joint Function Requires High Muscle Contraction 
Forces and the Ability to Withstand High Joint 
Reaction Forces

As with the knee, it can be seen that hip stability under load-bearing 
conditions can require high muscle contraction forces because of 
a relatively short moment arm through which the muscle forces 
are applied. As a combination of ground reaction force and the 
portion of the muscle contraction forces directed into the joint, 
the joint reaction forces are also high relative to the body weight. 
Calculations suggest that under these conditions, the muscle con-
traction force is approximately twice the body weight and the joint 
reaction force almost three times the body weight (66,67). Joint 
reaction forces are important in consideration of stresses on the 

The Angular Alignment of the Articular Components 
Is Important for Normal Hip Function

The angular structure of the joint relative to the pelvis, femoral 
shaft, and knee joint can vary signifi cantly between individuals and 
have a great infl uence on the biomechanics of the lower limb. In 
the relationship of the joint surface to the pelvis, the location of 
the acetabulum places the plane of its opening angled 40 degrees 
posterior to a sagittal plane and 60 degrees lateral to a transverse 
plane (Fig. 8.17). Both the femoral head and the acetabulum have 
roughly spheric surfaces of contact. The relationship of the femoral 
head through its neck with the femoral shaft is important in the 
biomechanics of hip function and load-bearing stress on the neck. 
It is an important determinant of the effective moment arms of 
the muscles producing movement across the joint. The angle of 
inclination of the neck to the shaft (Fig. 8.17) is approximately 125 
degrees, but may vary between 90 and 135 degrees. This angle offsets 
the femoral shaft from the pelvis laterally. The angle in a transverse 
plane between lines drawn through the femoral head and greater 
trochanter and between the medial and the lateral condyles (angle 
of anteversion) determines the normal relationship of the primary 
plane of movement of the knee to the hip. It is normally about 12 
degrees but can vary widely (65). An angle of greater than 12 degrees 
tends to produce internal compensatory rotation of the leg during 
gait, while an angle of less than 12 degrees produces an external rota-
tion. These compensations are made to maintain the stability of the 
hip. They are common in children and usually outgrown (65).

Models of Hip Function Balance Ground Reaction, 
Joint, and Muscle Contraction Forces

Biomechanical models of the hip can be used to illustrate some of 
the important aspects of the structure-function relationship of the 
joint. Stability of the hip joint is maintained through the align-
ment of the body over the joint (Fig. 8.18), the joint capsule, and 
capsular ligaments and muscle contraction to counteract remaining 
ground force moments. The relative magnitude of forces applied 
into and across the hip joint can be considered through a model 
of a single leg stance with the body center of mass (or gravity) 
balanced (i.e., located on an axis of alignment) over one hip joint 
(Fig. 8.18). In this balanced condition, little or no muscle con-
traction forces are necessary to maintain equilibrium, as in the 
knee. The joint reaction force or force directed into the joint will 
equal the ground reaction force produced by the weight of the 
body above the hip. In an unbalanced state, the body center of 

Figure 8-17 A. Angle of the opening of the acetabulum. The 
opening is oriented 60 degrees lateral to a transverse plane and 
40 degrees posterior to a sagittal plane. B. The angle between the 
femoral neck and the shaft is approximately 125 degrees.

Figure 8-18 A simple coplanar model of a single leg stance 
moment in balance. A. In the balanced state, the body weight (b) is 
balanced over the foot (not shown), which would be at the intersec-
tion of the dotted lines. In this balance, the body weight (b) acts as 
a force applied on a moment arm (d) through the center of rotation 
in the femoral head to produce a body moment (b × d ). This is bal-
anced by the rotational component (r) of the muscle contraction 
force (m) acting over a moment arm through the femur (h) to pro-
duce a muscle contraction moment (r × h). For balance to be main-
tained (b × d ) = (r × h). B. The balanced condition can be disturbed 
by a shift of the body and a slight change of the angle of pull by the 
muscle (m). To restore balance, the moment (r) must be increased or 
altered so that the moments can be rebalanced.
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Basic Functions of the Elbow Can Be 
Described by Simple Joint Moments

The basic biomechanics of the elbow can be described largely as a 
system of simple levers or joint moments as suggested earlier in the 
section on basic mechanics of joint systems (Figs. 8.13 and 8.19). 
Muscle forces act at a low mechanical advantage to achieve a large 
movement. Due to disadvantageous vector angles through some of 
their range, relatively high muscle contraction forces are required. 
These muscle contraction forces typically generate large joint reac-
tion force components that act through the bony elements to stabi-
lize the elbow. These joint reaction forces may exceed body weight 
even during normal activities.

The Elbow Complex Provides an Example of 
Dysfunctions from the Coupling of 
Intra-articular Motion

As a joint complex, the elbow provides a reasonably simple example 
of coupling relationships of intra-articular joint motions that, when 
disrupted, can produce dysfunction. During fl exion-extension 
movements, the humeroulnar joint has a primary gliding motion 
that is accompanied by a movement of the head of the radius on 
the capitulum of the humerus. This produces a smaller proximal 
and distal gliding of the proximal radius in the radial notch of the 
ulna (62). The extent of this latter movement is greatest when the 
joint is half-fl exed. Although this motion is not a primary compo-
nent of the segmental motion, its disruption can produce pain and 
dysfunction in the joint during movement. It is therefore important 
to understand the coupled movements of the complex as well as the 
individual articulations. More complicated examples can occur in 
more extensive joint chains such as in the spine and feet.

THE SHOULDER

The Shoulder Is a Complex of Four Joints with 
Different Properties

The shoulder consists of a complex of four articulations: the gle-
nohumeral, acromioclavicular, sternoclavicular, and scapulothoracic 
articulations (Fig. 8.20). Of these, the scapulothoracic articula-
tion is not a true articulation, but an indirect attachment of the 
scapula to the thoracic wall indirectly through muscles. The shoul-
der complex acts in concert with contributions from each joint to 
produce movement through greater than a hemisphere of range. 
The glenohumeral joint is a basic ball-and-socket joint, but has 
much less intrinsic stability than its lower limb analogue at the hip. 
The reduced stability is refl ected by the structure of the articulating 
surfaces of the joint. The area of the glenoid fossa that contacts the 
humerus is only one third to one fourth the size of the joint surface 
of the humeral head (72).

This allows a more circular range of motion relative to the 
scapula, but at the cost of intrinsic structural stability of the joint. 
Although some vertical structural support may be derived from the 
overlying acromion process and attached clavicle, the glenohumeral 
joint is reliant, to a great degree, on soft-tissue structures (liga-
ments, tendons, joint capsules, and muscles) for stability (73). Dur-
ing function, the glenohumeral joint primarily rotates, but rolling 
and translation may also take place. This translation may increase 
substantially with soft-tissue injury or dislocation.

The scapula attaches to the thoracic skeleton through a chain of 
two articulations, the acromioclavicular and sternoclavicular joints. 
The acromioclavicular joint between the clavicle and the proximal 

hip joint itself in replacement or repair. Strategies to minimize 
the joint reaction force can also be important in subjects with 
arthritic pain in the hip joint. As suggested by the model given 
earlier, a reduction in joint reaction forces may be achieved by alter-
ing the angle of the hip by increasing the muscle moment arms. 
This can also be accomplished by using a support device, such as 
a cane on the opposite side, to reduce the opposing body weight 
moment.

THE ELBOW

The Elbow Is a Complex of Three Joints with 
Two Primary Ranges of Motion

The upper limb analogue of the knee is the elbow, which has 
adapted for increased mobility of the upper limb and a reduced 
load-bearing requirement. In achieving this, the joint has become 
a complex of three articulations, including the humeroulnar, the 
humeroradial, and the proximal radioulnar joints (Fig. 8.19). 
The joint complex allows two primary ranges of motion: fl exion-
extension and pronation-supination. Flexion and extension occur 
across the humeroulnar and humeroradial joints, which act as a 
hinged joint. The normal range of motion in fl exion-extension is 
approximately 140 degrees, with limits established by the angular 
characteristics of the bony components (68). The axis of motion 
passes through the middle of the trochlea and is principally a glid-
ing motion (69) up to the last 5 to 10 degrees of fl exion, where 
rolling occurs. Pronation and supination occur at the humerora-
dial and proximal radioulnar joints. The reported normal range of 
motion varies between studies (68) with the American Academy 
of Orthopaedic Surgeons (70) reporting an average of 70 degrees 
of pronation and 85 degrees of supination. The range of motion 
required for typical daily activities of both fl exion-extension and 
pronation-supination can be performed between a much more lim-
ited range (71).

Much of the elbow joint’s stability during normal use is supplied 
by the shape of the articulating surfaces. Of the three articulations, 
the humeroulnar articulation supplies the primary anterior-poste-
rior stability, although the radiohumoral articulation can contrib-
ute to stability from posterior dislocation at fl exion of 90 degrees 
or more. Beyond the bony stability of the joint, the ligaments 
and joint capsules around the elbow provide remaining stability 
and the interosseous membrane binds the radial and ulnar shafts 
together.

Figure 8-19 A. The elbow joint complex consists of the humer-
oulnar (hu), humeroradial (hr), and proximal radioulnar joints. B. The 
primary fl exor (F) and extensor (E) moments across the joint.
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of range of elevation of the shoulder or movement of the humerus 
away from the thorax in any of the three primary planes. Forward 
fl exion and abduction are approximately 180 degrees, and in the 
plane of the scapula may exceed 180 degrees. Backward elevation 
or extension is approximately 60 degrees. Other motions including 
bringing the humerus in adduction beyond the midline limit of 
the body in an upward direction is approximately 75 degrees (70). 
Horizontal fl exion in a transverse plane at 90 degrees of abduc-
tion is approximately 135 degrees, with horizontal extension of 45 
degrees. Rotation about the long axis of the humerus varies with 
the degree of arm elevation, but in general, both internal and exter-
nal rotation can be approximately 90 degrees, with a total range of 
180 degrees (74).

The Glenohumeral Joint Depends upon Muscle 
Stabilizing Forces to Resist Distal Loads

Because of the relative lack of structural stability of the glenohumeral 
joint, soft-tissue connections through the joint must play a greater 
role in its stability. In addition to the joint capsule and ligamen-
tous connections, muscle contraction forces that essentially hold 
the joint together become more important in resisting the loads 
placed on the distal upper limb. The use of force-coupling arrange-
ments in the muscles of the rotator cuff is particularly important 
in this process. In force coupling, muscles of the rotator cuff act in 
concert to produce offsetting moments (a net joint reaction force) 
to stabilize the joint (Fig. 8.20) as elevation is produced. The actual 
calculations of joint reaction forces under these circumstances are 
diffi cult due to the large numbers of muscles involved in arrange-
ments that will vary according to the plane of motion. Estimates 
of these forces suggest magnitudes near body weight (75). It is also 
important to note that the low mechanical advantage of muscles in 
the shoulder compared to the moment arm of a load in the hand of 
an extended arm requires very high contraction forces (Fig. 8.20). 
The low mechanical advantage of shoulder muscles under loading 
and the dependency of the joint on soft tissues for stability make 
the shoulder particularly vulnerable to injury.

THE SPINE

The spine as a whole represents an extremely complicated system 
of articulations and bony segments that act to protect the spi-
nal cord while providing a basic support axis for the upper body. 
The structure and motion of spinal segments differs substan-
tially over the spinal column. Due to this complexity and varia-
tion, only some basic principles of spinal biomechanics can be 
covered here.

Spinal Motion Segments Consist of Two 
Vertebrae and Associated Soft Tissues

The functional unit of the spine or motion segment consists of two 
vertebrae and their associated soft tissues (Fig. 8.21). The segment 
is functionally and physically divided into anterior and posterior 
segments. The anterior portion consists of the vertebral body, the 
disc between them, and the longitudinal ligaments (Fig. 8.21). The 
posterior segment consists of the vertebral arches, the articulations 
between the facets, the transverse and spinous processes, and the 
ligaments binding them together. Besides containing the spinal 
cord and associated structures, the architecture of the posterior 
segment acts to guide and limit the motion that can occur between 
the vertebrae of the segment. The anterior segment of the unit is 
the primary load-bearing section, with the vertebral bodies and the 

acromion of the scapula has a meniscus of cartilage, a thick fi brous 
capsule, and supporting ligaments that stabilize the joint and allows 
the scapula motion in three planes (74). These planes include a 
vertical axis (protraction and retraction) and transverse axes in 
the frontal and sagittal planes. The proximal end of the clavicle 
(sternoclavicular joint) is stabilized by a fi brocartilage, meniscus-
containing, articulation capsule and ligaments to the sternum and 
1st rib. The joint allows protraction and retraction, elevation and 
depression, and rotation of the clavicle relative to the sternum.

The concept of a scapulothoracic articulation involves a 
description of the movement of the scapula relative to the thorax 
as limited by its muscular attachments and the clavicular chain. 
This structural arrangement allows a wide range of motion of the 
scapula including protraction retraction, elevation, depression, and 
rotation. Movement of the scapula involves the translocation of 
the entire glenohumeral joint, contributing substantially to the 
range of motion of the arm. A simple example is the contribution 
of scapular motion to the elevation of the arm. In this circumstance 
the scapula rotates to elevate the shoulder and the glenohumeral 
joint as the arm is raised.

Shoulder Range of Motion Is Usually Described 
for the Entire Joint Complex Rather 
than Individual Joints

With the complex interaction of the individual articulations, the 
range of motion of the shoulder is usually described for the com-
plex as a whole. From a resting position at the side, the range of 
motion in the shoulder complex is typically described in the context 

Figure 8-20 Top. Front view of the shoulder complex consisting 
of the glenohumeral (gh) acromioclavicular (ac), and sternoclavicular 
(sc) articulations. The scapulothoracic junction is not a true articula-
tion, but describes the relationship of the scapula and thorax as can 
be seen in the lower fi gure. Bottom. An example of the differences 
in the moment arms of shoulder muscles (m) and a load (L) in a 
lift with the shoulder abducted and arm extended. Co-contracting 
muscles (c, dotted arrows) are important to stabilize the shoulder 
complex during such tasks.
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Figure 8-22 The orientation of intervertebral joint facets in the 
frontal and transverse planes relative to the spinal column. In the 
cervical vertebrae (A, B), the surfaces of the facets on either side are 
parallel to each and to a frontal plane (A), but inclined at 45 degrees 
above a transverse plane through a vertebra as viewed from the 
side (B). In the lumbar spine (C, D), the surfaces of the facets are ori-
ented at 45 degrees to the frontal plane (C) and 90 degrees above 
a transverse plane as shown from the side (D). The facet orienta-
tions restrict the mobility of intervertebral movement and defi ne the 
motion-coupling characteristics.

In the unloaded condition, longitudinal ligaments and the 
ligamenta fl ava exert pressure on the disc to create a prestress con-
dition (80). Compressive stress on the disc through the vertebral 
bodies creates a circumferential tensile stress that is resisted by 
the annular fi bers of the annulus fi brosus. During motions such 
as fl exion bending, the vertebrae rotate forward, creating compres-
sion stress and some strain (bulging) on the anterior disc and ten-
sile stress on the posterior portion of the disc (Fig. 8.4). Rotation 
produces torsional stress on the disc, which is also redistributed 
through its structure. These strain patterns allow vertebral move-
ment under load, and redistribution of forces across the vertebral-
disc interface, to minimize localized extremes in stress.

The Bony Structure of the Posterior Segment 
Is a Primary Determinant of Intervertebral 
Ranges of Motion

Aside from their connection through the vertebral bodies and 
the intervening disc, the vertebrae interact structurally through 
the facets of intervertebral joints in the posterior portion of the 
motion segment. Under most circumstances, vertebral move-
ment is restricted by the orientation of these facets relative to the 
vertebral column and each other (Fig. 8.22). Exceptions include 
particular regions of the spinal column, where articulations with 
structures such as the skull, ribs, or sacrum may add additional con-
straints on vertebral movement. The orientation of intervertebral 
facets changes throughout the spinal column (81) and the actual 
angle of the facets may vary signifi cantly between individuals. The 
orientation of intervertebral facets also acts to produce additional 
directional components (motion coupling, as described in the next 
section) in vertebral motion during basic movement, such as fl ex-
ion, extension, rotation, and lateral fl exion.

The primary variation in facet orientation can be defi ned in 
the transverse and frontal planes. A positive angle deviation from 
the transverse plane indicates that the facets are oriented above 

intervening disc increasing in size in the lower segments to sustain 
greater loading stress. Load bearing in the posterior segment can 
be signifi cant when the spine is hyperextended (76) and during 
forward bending coupled with rotation (77).

The Bony Structure of the Spine Is Supported 
by an Intricate Arrangement of Soft Tissues

The soft-tissue support for the spinal column consists of the liga-
ments, joint capsules, and muscles that connect to the transverse and 
spinous processes of the vertebrae as part of the posterior motion 
segments. The primary ligaments include the anterior and poste-
rior ligaments, the ligamentum fl avum, the supraspinous and inter-
spinous ligaments (Fig. 8.21), and the intertransverse ligaments, 
all of which provide intrinsic support for the spinal column. The 
capsular ligaments for the facet articulations also contribute to sta-
bility and limitation of motion. The ligaments have a high collagen 
content except for the ligamentum fl avum, which has a high elastin 
content. The ligaments add stability and store energy during move-
ment of the spinal column. For example, fl exion primarily stretches 
the interspinous ligaments, capsular ligaments, and the ligamentum 
fl avum. These store energy like an elastic band and can be used for 
subsequent recovery to a neutral position. Other ligaments simi-
larly participate in lateral bending and rotation.

Intervertebral Discs Are Structured to Cushion and 
Distribute Stresses between Vertebrae

The intervertebral discs sustain and distribute primarily compres-
sive loading of the vertebrae and restrict excessive motion. The disc 
consists of a tough outer covering of fi brocartilage, the annulus 
fi brosus, bounded above and below by a plate of hyaline cartilage 
adjacent to the vertebrae. The collagen fi bers of the annulus fi bro-
sus are arranged in concentric layers and differing orientations to 
the vertical axis of ±30 degrees in a cross-hatched arrangement. 
This covering encloses a gelatinous inner core, the nucleus pulpo-
sus, that acts to distribute and redirect stresses and store energy, 
similar to a partially infl ated ball. The nucleus pulposus contains a 
water-binding glycosaminoglycan gel (80% to 88% water) (78) that 
becomes progressively less hydrated with age (79). This change can 
reduce the elasticity, ability to store energy, and stress loading dis-
tribution properties of the disc and make it less capable of resisting 
loads.

Figure 8-21 Left. A basic motion segment of the lumbar spine 
divided into anterior (A) and posterior (P ) portions. The anterior por-
tion contains the vertebral bodies, the spinal disc, and the anterior 
longitudinal (1) and posterior longitudinal (2) ligaments (right). The 
posterior portion contains the vertebral canal, the bony segments 
associated with it, and associated ligaments including the ligamen-
tum fl avum (3), the interspinous ligament (4), and the supraspinous 
ligament (5). Other soft-tissue structures (e.g., capsular ligaments, 
etc.) are not shown.
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spine, rotation is also coupled with lateral fl exion, but the vertebrae 
rotate in a direction opposite the lateral fl exion. Additional motion 
coupling in the cervical spine is described subsequently.

Overall Range of Motion of the Spine 
Varies Widely Between Individuals

The composite nature of spinal movements along with individual 
structural and soft-tissue differences help to explain a great varia-
tion in the range of motion in individuals. There are also signifi -
cant variations in spinal range of motion with age and sex (84). 
This makes the listing of normal values without specifi cation of 
these factors of little clinical signifi cance. Diffi culties in defi ning 
normal ranges of motion also derive from a large capacity of the 
spine to produce compensatory changes in movement to achieve a 
similar net movement. In this strategy, a limitation of movement 
that exists in the structural aspects of one area of the spinal col-
umn can be alleviated by a compensatory greater mobility in other 
areas (85). For example, the movement of the spinal column is also 
accompanied by motion in the pelvis. In body fl exion, the initial 
50 to 60 degrees of motion occurs in the lumbar spine with little 
contribution from the thoracic vertebra due to the orientation of 
the facets and the rib cage. Additional fl exion is accomplished by 
the tilting of the pelvis.

Restriction of movement in the lumbar spine can be replaced, 
to some extent, by greater and earlier tilting of the pelvis. The 
movement of the pelvis also contributes to lateral bending and 
rotation of the trunk, and may be used similarly to compensate for 
restrictions.

As in other multiple-articulation chains, movements of the 
spine are accomplished through complex interactions of agonist 
and antagonist muscle groups. Movement aspects are accomplished 

a horizontal (transverse) plane through the body (Fig. 8.22). 
Positive deviation in the frontal plane effectively describes the ori-
entation of the facet surfaces on each side of the vertebra relative to 
each other, although the angle is defi ned relative to a frontal plane 
(Fig. 8.22). The atlas and axis have facets that are almost parallel to 
the transverse plane, with the remaining facets of the cervical verte-
brae oriented at a 45-degree angle to the transverse plane and par-
allel to the frontal plane (Fig. 8.22). The alignment of the C3-C7 
vertebrae allows fl exion, extension, lateral fl exion, and rotation (82). 
This can be compared to the facets of thoracic vertebrae that are 
oriented 60 degrees from the transverse plane and 20 degrees from 
the frontal plane. This allows lateral bending, rotation, and some 
fl exion and extension. The lumbar vertebrae have facets oriented 90 
degrees to the transverse plane and 45 degrees to the frontal plane. 
This allows almost no rotation, but fl exion, extension, and lateral 
bending. The lumbosacral joints do allow more rotation (83), with 
facets oriented more obliquely to the transverse plane.

The Motion of the Spine Is a Composite of Small 
Movements in Individual Vertebrae and 
Coupling Between Vertebrae

The kinematic and kinetic considerations of spinal movements are 
particularly complicated, since overall movements are a composite 
of comparatively small movements of each vertebral segment. Each 
vertebra has some degree of rotation or translation in each of its 
transverse, sagittal, and longitudinal axes (or 6 degrees of freedom 
in movement). This movement is largely limited by the interverte-
bral joint facet orientations. These orientations vary markedly over 
the spinal column (81). Flexion-extension movements are greatest 
in the cervical, lower thoracic, and lumbar spine; rotation is great-
est in the cervical and upper thoracic spine; and lateral bending 
is greatest in the cervical spine and more evenly distributed over 
remaining vertebrae.

It should be noted here that the convention in osteopathic 
medicine is to describe rotation of a vertebra as the direction in 
which the anterior part of the vertebral body or anterior segment 
rotates. In some biomechanical texts, rotation of the vertebra is 
described as the direction in which the posterior segment or 
spinous process rotates. Even though these conventions describe 
the same rotary motion, they are on opposite sides of the center 
of rotation and therefore the inverse of each other. This difference 
can become particularly confusing in relation to descriptions of 
motion coupling between vertebrae over the spine (discussed sub-
sequently). The osteopathic convention will be used here, unless 
specifi c reference is made to the spinous process. Another caveat of 
the descriptions of vertebral movements given is that active, mus-
cle contraction-based movement characteristics may or may not be 
similar to movements produced by external forces (e.g., manipula-
tions). This should be taken into account in comparisons of these 
characteristics as described in the chapters on manipulation.

Physiologically normal movements of the spinal column in 
any of the primary directions (fl exion-extension, lateral bending, 
rotation) produce additional motion vectors in the vertebrae as 
a consequence of the orientation of the intervertebral facets and 
other articulations (Fig. 8.23). This coupling may include motions 
of lateral bending (fl exion), rotation, and translation in several axes 
simultaneously, although only major coupling relationships are typ-
ically noted as clinically signifi cant. The coupling can differ mark-
edly over the spine and only a limited description will be given here. 
In the thoracic region, rotation is coupled with lateral fl exion. This 
is greatest in the upper thoracic region, with the vertebrae rotat-
ing toward the same side as the lateral fl exion (81). In the lumbar 

Figure 8-23 Motion coupling as infl uenced by the orientation of 
intervertebral facets in cervical vertebrae. A. A lateral fl exing force 
(F) on the side of the vertebrae acting to move the upper verte-
brae relative to the bottom will be redirected by the facets in a new 
direction (F1). The divided moment will have a remaining fl exing 
component (f  ) and a rotational component (r) that will add (couple) 
rotation (R) of the vertebrae to the fl exing movement (B). C. A rota-
tional force (R) on one vertebra is redirected by the facets to glide in 
a new direction (R1). R1 has both a vertical (v) and a remaining rota-
tional component (r) (vectors). The vertical component will cause 
the side of the vertebra to lift upward and produces lateral fl exion 
on the opposite side (D). However, in isolated rotation movements, 
this fl exing moment is restricted to produce vertical translation 
(telescoping) of the cervical spine, particularly at the C1-C2 joint.
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the knees are bent (82). Contraction of back muscles and to some 
degree, intra-abdominal pressure must counterbalance the forward-
bending forces. In consideration of posture in lifting, the lumbar 
spine has less resistance to bending compared to direct compressive 
forces (88) and lateral fl exion or fl exion combined with axial rota-
tion (87) increases pressure on lumbar discs. This further suggests 
that a vertical lifting position of the spine is preferred to reduce 
pressures on lumbar discs.

The Cervical Spine Has Some Unique Structural 
Properties and Biomechanical Properties

The cervical spine and its articulation with the skull have some 
special biomechanical and structural properties that require spe-
cial consideration. It has fi ve of seven vertebrae that are described 
as more or less typical, except for the presence of the transverse 
foramen for the vertebral artery in C3-C6. The grooving of the 
transverse process for the exit of the cervical nerves lends to fur-
ther structural weakness. Both the presence of the vertebral artery 
and the comparative structural weakness of the transverse pro-
cess suggest reason for caution with high-velocity manipulations 
of this region. This is particularly true for older adults in whom 
both soft tissue and bone biomechanical properties add weakness 
to this region. Other structural differences in the C3-C6 vertebrae 
include more prominent uncinate processes and thinner interver-
tebral discs. Because of this, uncinate processes may also play a role 
in guiding and limiting cervical motion (89).

The Atlas and Axis Have Additional Structural 
Properties That Defi ne Their Range of Movement

The atypical vertebrae (C1 and C2) have unique bony structures 
that limit their mobility. The atlas (C1) has no true vertebral body 
or disc, but an anterior arch with an articulating surface for the dens 
of the axis (C2). The atlas articulates with the skull in two superior 
facets that have a semicircular shape. This limits the motion of the 
skull relative to the atlas to almost no rotation. The inferior fac-
ets of the atlas articulate with C2 almost parallel to the transverse 
plane. The axis, with its superior protrusion, the dens, provides an 
axis of rotation for C1. Posterior translation of the dens within the 
vertebral foramen is prevented by ligamentous support from the 
cruciform ligament. It also contains two superior, convex-shaped 
facets for articulation, with two slightly convex-shaped articula-
tions (62) of the atlas that affect motion coupling in rotation.

These structural properties help to make the cervical region 
the most mobile region of the spine. The range of motion at the 
atlanto-occipital articulation is approximately 10 to 15 degrees of 
fl exion extension and 8 degrees of lateral bending (81,89). Axial 
rotation is largely precluded by the structure of the articulation 
and is transferred to the C1-C2 articulation. The C1-C2 interface 
is the most mobile segment of the spine with about 47 degrees 
of axial rotation, or almost 50% of the axial rotation capability of 
the entire cervical spine (90). Flexion-extension is limited to 10 
degrees, and little or no lateral bending occurs. Throughout the 
cervical spine, the combined range of motion is approximately 145 
degrees of fl exion-extension, 180 degrees of axial rotation, and 90 
degrees of lateral fl exion (89).

Motion Coupling of the Cervical Spine Includes 
Transverse and Vertical Translation and Rotation

Motion coupling of the cervical spine also has some important 
characteristics in addition to those mentioned earlier due to its 

through the cooperative actions of antagonistic trunk and spinal 
muscles, some contracting to produce the movement, others cocon-
tracting to provide stabilization.

Some Kinetic Considerations of Spinal Loading

Loading characteristics of the spine are similarly complex compared 
to movement. The loading of the spine includes body weight, muscle 
contraction, ligamentous prestressing, and externally applied loads. 
The natural kyphosis and lordosis of the spine add to the elastic 
resistance to load of the discs, again by redistributing compressive 
stress into bending stresses that can be resisted by muscle contrac-
tion (Fig. 8.24). The primary load-bearing region of the spinal col-
umn is in the lumbar spine. During normal standing, the center of 
gravity of the trunk passes near the center of the body of the fourth 
lumbar vertebra (86). This distribution and the static load on the 
spine can be altered appreciably by the angle of the pelvis. Tilting the 
pelvic angle (sacral angle) forward from its normal 30 degrees to the 
transverse plane accentuates the lumbar lordosis. Tilting backward 
from the normal angle fl attens the lumbar lordosis. Both movements 
affect the lever arm of the body weight on the spine and require com-
pensatory muscle activity to resist. This also creates greater loads on 
the lumbar spine during sitting versus relaxed standing (87). Reori-
entation of the spine from its normal curvature also produces stresses 
on the discs by changing the alignment of the vertebrae.

The Orientation of the Spine During 
Lifting Can Infl uence the Distribution 
of Stress on the Lumbar Spine

Lifting an object places added stress on the spine by creating an 
added load at a distance from the center of support in the spine 
(Fig. 8.24). The stress on the lumbar vertebrae by the load is pri-
marily a function of the distance of the load from the vertebrae 
(moment arm or lever arm) and the weight of the load. Bending 
the body forward adds distance from the body, whether or not 

Figure 8-24 A. The normal curvatures of the spine in situ and in a 
model (right) will split vertical compression components into bend-
ing forces (b) that can be counteracted with muscle contraction. 
B. Force moments on the back are larger if an object is further from 
the vertebrae being compressed. The force moment is a product of 
the load (L) and the load arm (la). This compressive force alone is not 
dependent upon the bending of the knees (C), but bending of the 
knees can help to shorten the load arm.
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groups beyond the legs and by subtle, but signifi cant movements. 
In normal gait, one leg is moved forward while the weight of the 
body is supported by the opposing leg (swing phase) (Fig. 8.25). 
In the swing phase of the leg, the foot goes from plantar fl exion to 
dorsal fl exion. The knee is fl exed and then extended, the hip moves 
from extension to fl exion, and the pelvis rotates and changes its 
tilt as muscles of the lower spine and trunk are used to generate 
power.

Swinging the opposing arm will assist in compensating balance 
and rotation moments through the trunk. The body is propelled 
forward and its center of mass moved slightly upward and then 
forward and down to be “caught” by the heel strike of the extended 
leg. As the heel hits a surface, the foot rocks down and is deceler-
ated by the anterior muscle groups of the leg. The knee, which 
initially is almost completely extended, begins to fl ex and becomes 
progressively loaded as the body weight is transferred from the 
opposing leg. The opposing hip and pelvis are then rotated for-
ward to begin the process for the opposite side. Small adjustments, 
such as increasing the tilt of the trunk and head in the direction of 
progression, bring the center of mass of the body forward and assist 
in increasing the rate of movement.

This basic process, grossly simplifi ed here, can refl ect one of 
the most frequently encountered examples of the ability of the 
body to adapt to injury or degenerative processes. Compensatory 
gait patterns can vary widely according to the underlying cause, but 
always have an underlying biomechanical rationale, even though 
these adaptations may themselves produce problems. In a typical 
example, an injury to the knee or foot on one side may produce a 
compensatory shift of the body center of mass over the opposing 
limb. This will produce pain, stress injuries, or palpable dysfunc-
tions in the opposite knee, back, hip, or even neck, if body posture 
has been signifi cantly affected. Some aspects of these compensatory 
adjustments may survive the healing of the original injury, particu-
larly if the recuperative process has been lengthy. This emphasizes 
the importance of the subject’s history and careful observation and 
knowledge of mechanical body function in the diagnosis and treat-
ment of somatic dysfunctions.
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Somatic Dysfunction, Spinal Facilitation, 
and Viscerosomatic Integration
MICHAEL M. PATTERSON AND ROBERT D. WURSTER

The human body is a machine run by the unseen force called life, 
and that it may be run harmoniously it is necessary that there be 
liberty of blood, nerves, and arteries from the generating point to 
destination (1).

INTRODUCTION

This chapter presents the neurophysiological basis for viscerosomatic 
and somatovisceral interactions so vital to both function and to the 
diagnostic and treatment modalities of manual medicine. In addi-
tion, the research work of Denslow and Korr on spinal excitabil-
ity is outlined. This work laid the foundation for the osteopathic 
profession’s modern views of the osteopathic lesion, now known 
as the somatic dysfunction. The basis of spinal cord excitability 
changes that underlie chronic and neuropathic pain syndromes is 
also discussed as it relates to somatic dysfunction. However, the 
neurophysiology of pain is considered in Chapter 16. Implications 
for somatic dysfunction of trophic nerve functions are presented, 
and possible implications of Osteopathic Manipulative Treatment 
(OMT) for trophic function presented.

The foundations of the osteopathic profession, laid by its founder, 
Andrew Taylor Still, M.D., D.O., recognize that the state of health 

is a continuum from complete breakdown to perfect function. One 
of Still’s basic beliefs about function was that the body was a totally 
integrated unit, its structures working together harmoniously to 
produce a state of health. Lacking that harmonious function, the body 
produced conditions promoting loss of health, or disease. Implicit in 
these assumptions is the idea that the various parts of the body are 
functionally interconnected, allowing for necessary adaptations when 
demands on the body change. This view necessitates that the supply 
and maintenance organs, mainly the visceral structures, are function-
ally connected with the primary energy consumer of the body, the 
musculoskeletal system. This interrelationship has long been neglected 
in medical practice. The communicating systems of the body, includ-
ing the immune, endocrine, and neural systems, provide this intercon-
nectedness. When a problem develops in the integrating systems of 
the body, function cannot help but be compromised, and the stage is 
set for a lowered state of health, and eventually disease, to occur.

The fi eld of neurophysiology is important to the physician. 
A thorough knowledge of anatomy and the structural relation-
ships within the body is vital. The physician must also know how 
these structures function and relate to each other. He or she needs 
a basis for providing the patient with a rational course of treatment, 
especially manipulative treatment. The physician must be aware of 
what palpatory diagnosis is telling him or her about the underlying 

K E Y  C O N C E P T S
■ The osteopathic lesion (somatic dysfunction) was conceived as one of the primary factors influencing body 

economy and the root of many diseases.
■ Louisa Burns and her colleagues performed many studies on the effects of somatic dysfunction on visceral 

function, thus showing many somatovisceral influences well before they were generally recognized by the 
scientific and medical communities.

■ Reflexes have an afferent arm bringing impulses to the central nervous system (CNS), a central arm within the 
CNS and an efferent are taking impulses to peripheral structures.

■ While usually thought of as simple hardwired pathways, reflexes are actually complex interconnections influenced 
by many factors such as ascending messages, descending influences from higher centers, and general CNS 
excitability.

■ Somatovisceral and viscerosomatic reflexes are one of the main integrating mechanisms of body function, closely 
tying somatic and visceral organs together to achieve integrated function.

■ In general, sympathetic control from the brain is often localized to specific visceral organs, suggesting that the 
brain, through the sympathetic nervous system, can selectively influence specific organ function.

■ Manipulative treatment of somatic structures can influence sympathetic function and hence visceral function 
through the somatovisceral reflex networks.

■ Sensitization is a process that occurs in spinal gray matter neurons (interneurons) and results in an increased 
excitability of the involved neurons, thus increasing the gain of the input pathway.

■ Long-term sensitization is a longer-lasting form of excitability increase in the reflex pathways that can last for hours 
and often occurs with the same stimuli as sensitization.

■ Presumably permanent changes of reflex excitability can occur in reflex pathways with inhibitory cell death and 
new synapse formation.

■ Neurons exhibit a continuous flow of intra-axonal substances both away from and toward the cell body. This flow 
has been shown to include transport of proteins across the synapse from nerve cell to nerve cell and from nerve 
cell to end organ.

9
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of function (4). In their efforts to fi nd objective measures of the 
osteopathic lesion, researchers at the American School of Osteopathy 
used skiography, an early form of x-ray, to look at bony placement 
and circulatory function as early as 1898. Another early research 
thrust was the effects of somatic disturbances on visceral function. 
Louisa Burns began research in this area early in the 1900s with 
studies on dogs that showed that stimulation of the lower dorsal 
region increased muscle contraction in the stomach and intestines 
but that steady pressure for a time tended to inhibit such contrac-
tions (4). Burns eventually became head of the A.T. Still Research 
Institute in Chicago and produced a body of research suggesting 
that strains produced in the vertebral column would, over time, 
have defi nite and reproducible effects on visceral function and 
morphology. Aided later by Wilber Cole, effects of somatic strains 
on neural endplate function controlling visceral organs were found 
and documented by neural stains. In addition, Cole (5) was able 
to well delineate the pathways for the effects of somatic infl uences 
on visceral function. The early research efforts of the osteopathic 
profession by Burns, Cole, and others were attempts to describe the 
effects of somatic disturbances on visceral function and the effects 
of manipulative treatment on immune and general function, among 
other things. They established a fi rm interest in the profession on 
the interrelationships between somatic and visceral function.

Beginning in the late 1930s, a new era of research in osteopathic 
medicine began. In an effort to enhance the profession’s reputation, 
J.S. Denslow began a program of research at the Kirksville College of 
Osteopathy and Surgery that was to span 40 years and add much to 
the understanding of the methods of manipulative treatment. With 
his colleagues, Denslow (6) used the then cutting-edge technology of 
electromyographic (EMG) recording to obtain objective evidence of 
specifi c alterations in somatic function that correlated almost exactly 
to palpatory fi ndings. Joined by Irvin M. Korr (7) in 1945, Denslow 
used the EMG technology to show that one of the underlying causes 
of palpatory fi ndings was, indeed, altered muscle excitability. Korr 
then interpreted these fi ndings in terms of neural function and the 
concept of the facilitated segment was developed as an underpin-
ning of the osteopathic lesion. The research of the Kirksville group 
(see discussion later in this chapter) fi rmly placed the interactions 
between somatic and visceral structures in the forefront of the under-
pinnings of osteopathic clinical practice and philosophy. It became 
obvious that the interactions between visceral and somatic structures 
were important in health maintenance and disease processes. These 
interactions also provided an explanatory framework for the impact 
of manipulative treatment as not only infl uencing somatic func-
tion but also having a real and often vital effect on visceral function. 
Thus, this chapter will focus on the interactions between visceral 
and somatic structures and how they are organized. In addition, the 
alterations in spinal cord function that can occur with somatic input 
and its infl uence on visceral function will be discussed. Understand-
ing these interactions and alterations, beginning with the organiza-
tion of the basic refl ex arc, is important in understanding the value of 
osteopathic treatment techniques and the neural basis of health.

THE REFLEX

In 1905, Charles Sherrington (8) published The Integrative Action of 
the Nervous System. This classic text represented current knowledge 
about the fundamental aspects of how the nervous system handled 
and integrated information. Over the ensuing years, considerably 
more has been learned about the function of the nervous system 
and how it integrates the many functions of the body. A great deal 
is known about how the basic structural unit of the nervous system, 

state of the body, and therefore of the person. Many excellent neu-
rophysiology texts are available that outline the basics of the fi eld.

This chapter does not attempt to give an overview of the entire 
fi eld or all the areas of special interest to the osteopathic physi-
cian. It focuses on the integration of somatic and visceral function 
through the refl ex pathways and relates these interactions to their 
specifi c neural basis. Functional alterations in refl ex pathways that 
can disrupt integration are reviewed, along with the nonimpulse-
based or trophic function of the nervous system, and how this 
provides a means of two-way communication within the body not 
dependent on the better-understood neural impulse–based com-
munication. These aspects of the integrative activity of the nervous 
system are important in the osteopathic clinical experience and the 
role of manipulative treatment in health care. As Still recognized 
before the turn of the century, proper function necessitates the free 
interaction and integration of all body systems. Rational treatment 
of functional problems likewise requires an understanding of how 
these interactions occur and what can alter their function.

NEUROPHYSIOLOGY IN THE 
OSTEOPATHIC PROFESSION

The search for mechanisms underlying the effi cacy of osteopathic 
methods began with the founding of the osteopathic profession. 
Although Still did not pursue what we would call organized 
research, he certainly was a fi ne researcher. He constantly ques-
tioned his observations and searched for better ways to fi nd health 
and ameliorate disease. His early students at the American School 
of Osteopathy soon began to actively investigate the basis for the 
treatments they were developing. Their observations resulted in the 
formulation of the concept of the osteopathic lesion (now known as 
the somatic dysfunction). The osteopathic lesion was a set of palpa-
tory cues and signs that indicated a functional disturbance in the 
body that predisposed it to disease. The early pioneers of the pro-
fession believed that somatic dysfunctions were primary causes of 
clinical breakdowns that resulted in the many manifestations of dis-
ease, either by themselves or by allowing, through reduced function, 
microorganisms to overwhelm the body defenses. When viewed in 
this perspective, the statement by Still that “all diseases are mere 
effects, the cause being a partial or complete failure of the nerves to 
properly conduct the fl uids of life” (1) is more meaningful.

Still believed that various types of diseases were not entities 
unto themselves but were the result of the body’s efforts to regain 
optimal function in the face of adverse infl uences, which is a view 
that is becoming more strongly supported by the current idea of the 
“illness response” (2,3) this being the initial quick immune response 
to pathogenic invasion, which can, ironically be triggered by psy-
chological stressors. Thus, the events that led to the disruption of 
the body’s normal function became the primary events to treat in 
the osteopathic physician’s efforts to remove the infl uences result-
ing in clinical illness. The osteopathic lesion was viewed as one of 
the primary factors infl uencing body function and was amenable to 
physical manipulations. In addition, Still and his students realized 
that the body was of necessity an integrated unit; the visceral systems 
were tightly connected to the somatic systems. They felt strongly 
that visceral disturbances would cause manifestations in the somatic 
structures and that somatic disturbances would cause visceral dys-
functions. This reciprocal relationship became very important in the 
profession’s thinking, clinical practice, and research endeavors.

Early research efforts in the profession largely aimed at provid-
ing evidence for the somatic problems identifi ed as the osteopathic 
lesion and the effects of these dysfunctions on various aspects 
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It would be a simple picture if this was all that happened. 
However, the incoming axons send off branches that go to other 
neurons in the spinal cord that, in turn, send axons to the motoneu-
rons of the antagonist of the stretched muscle. These axons provide 
signals that inhibit the motoneurons innervating the antagonist 

the neuron, interacts with other cells through synaptic structures 
and the release of neurotransmitters and neuromodulators. The 
billions of neurons and glial cells that make up the nervous system 
are organized into functional groups, often with widely differing 
structural and functional characteristics. Many of the neurons are 
involved in networks that respond to stimuli impinging on or even 
originating in the body, which results in commands to muscles 
and glands that produce activity or secretions. These networks, the 
refl exes, have been more fully analyzed in recent years. What were 
previously considered to be almost autonomous units of function 
are actually complex and interactive aspects of an organizational 
whole. The refl ex has been found to be anything but a static unit 
of input/output relationships, but rather it is an active and ever-
changing mosaic. The characteristics of refl ex function are modu-
lated by messages from other areas of the nervous system and by 
activity of the endocrine and immune systems. In fact, refl exes must 
not be viewed as separate entities but as parts of various programs 
that control motor and secretory actions. Thus, an individual refl ex 
may serve differing functions depending on which control pro-
gram is operating (9). However, for purposes of analysis, refl exes 
have usually been isolated for study, a practice that has errone-
ously led many students to view refl exes as simple and unchanging 
entities.

Structure

The common concept of the refl ex is basically one of a relation-
ship between an input stimulus to the body and an output action 
to either a muscle or a secretory organ. Sherrington (8) viewed the 
refl ex as an input/output relationship between information com-
ing into the body and a response to that information. He viewed 
a refl ex as always inherited and innately given. The concept of a 
refl ex includes an afferent or incoming limb from a sensory recep-
tor, which is a central component in the spinal cord or brain. It also 
includes an output (efferent) limb that is usually a motor compo-
nent to either somatic (musculoskeletal) or visceral structures ter-
minating in synaptic connections that may either activate or inhibit 
activity in these structures (Fig. 9.1).

The usual concept of the refl ex suggests that the refl ex limbs 
are fairly well defi ned and limited primarily to one input and one 
output channel, with little interaction with other refl ex networks 
(Figs. 9.2 and 9.3). Almost all refl ex networks can be infl uenced by 
a wide variety of other excitatory and inhibitory signals, including 
those coming from higher or lower levels of the central nervous 
system (CNS). The picture of a refl ex as a simple message pathway 
from the patellar tendon that causes the quadriceps femoris muscle 
to contract, resulting in a knee jerk, is a vast oversimplifi cation 
of the interactions that occur when a stimulus causes a response. 
The tendon tap refl ex, exemplifi ed by the patellar tap/knee jerk 
refl ex activation, is, however, a prime example of the simplest refl ex 
structure.

The tendon tap, or myotatic refl ex, is a monosynaptic refl ex. It 
is the only monosynaptic refl ex present in the human. The stimulus 
of a tap to a tendon stretches the muscle attached to the tendon, 
which in turn stretches the muscle spindle organs in the muscle. 
Neural signals, or action potentials, are sent from the spindle organs 
to the spinal cord on the incoming, or afferent, limb of the refl ex. 
In this case, the signals travel through the spinal cord on the axons 
from the spindles directly to the motoneurons that innervate the 
muscle that was stretched. They make synaptic contact with the 
motoneurons causing them to generate action potentials that travel 
over the efferent, or outgoing, limb of the refl ex network back to 
the muscle, which causes it to contract.

Figure 9-1 Schematic of refl ex as it is usually envisioned, with 
afferent, central, and efferent limbs.

Figure 9-2 A common, mistaken concept of how a refl ex is con-
structed. Afferent limb simply connects with central limb, which acti-
vates efferent limb. Left, monosynaptic refl ex; right, polysynaptic 
refl ex. Actual complexity is better represented in Figure 7.3.
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withdrawal actions such as when accidentally touching a hot object 
and the arm jerks back. Very complex activities, such as the righting 
refl exes that occur, for example, when a cat is dropped upside down 
and lands on its feet are also found, but even these refl exes do not 
occur in isolation; as with the myotatic refl exes, they are accompa-
nied by a spread of activity throughout the nervous system.

VISCEROVISCERAL

A second type of refl ex is the viscerovisceral refl ex, in which sensory 
input from a visceral structure causes activity in a visceral organ. These 
refl exes are involved, for example, in distention of the gut that results 
in increased contraction of the gut muscle. Viscerovisceral refl exes 
involve afferent activity fl owing from the receptors into the spinal 
cord through interneurons to produce efferent or outfl ow activity 
within the sympathetic and/or parasympathetic motoneurons.

REFLEX INTERACTIONS

We might expect to fi nd that afferent input from somatic structures 
has some infl uence on visceral organs and that input from visceral 
structures has some effect on somatic organs. Somatovisceral and 
viscerosomatic refl exes have been known for many years but, until 
recently, have received little attention from the research and medi-
cal community. However, these types of refl ex interactions are very 
important for the practice and understanding of osteopathic palpatory 
diagnosis and treatment and for the integration of body function.

A familiar example of a viscerosomatic refl ex is pain and muscle 
tightness in the left shoulder with onset of a myocardial infarction 
(MI). The nociceptive input from the compromised myocardium 
(a visceral structure) is exciting not only the pathways that are 
interpreted as shoulder pain (a somatic structure) but is also caus-
ing the motoneurons supplying the shoulder muscles to become 
active. In a classic study, Eble (10) showed several such refl exes by 
stimulating visceral structures and recording somatic muscle activ-
ity. He demonstrated that stimulation of various visceral structures 
produced somatic muscle activity.

Conversely, activity in a somatic structure can alter visceral 
function. In a number of studies over the last several years, Sato 
(11) clearly demonstrated the effect of somatic stimulation on vari-
ous visceral functions, ranging from heart rate to adrenal output. 
These studies have also shown that some of these refl ex interac-
tions occur directly in the spinal cord. With others, the afferent 
activity from the somatic stimulation travels up the spinal cord to 
the brainstem, resulting in a cascade of activity from the brainstem 
back down to the spinal autonomic motoneurons.

In both viscerosomatic and somatovisceral refl ex networks, activ-
ity resulting from the stimulation of a structure can have either an 
excitatory or an inhibitory infl uence on the motoneurons involved. 
For example, stimulation of the belly skin usually results in inhibi-
tion of gut activity (a somatovisceral refl ex) but increases heart rate.

In daily life, the body’s somatic system is active. The skeletal 
muscles are the machines that carry out activities. The visceral 
organs are the means by which the energy demands and main-
tenance of the muscles are met and by which waste is disposed 
of. Without a continuous and highly integrated communication 
between these two systems, the body could not continue to achieve 
a balance among:

Its energy needs and supply
The amount of blood necessary to carry nutrients and waste 

and fulfi ll the demands of the muscles and bones
Supply and demand in general

muscle. When the stretched muscle contracts, the antagonist 
muscle is inhibited to allow a smooth movement to occur. In addi-
tion, other branches from the incoming axons go up the spinal cord 
to other spinal areas (e.g., to the arms if the patellar refl ex was 
stimulated), to the brainstem, as well as down the spinal cord to 
lower spinal centers. What appeared to be a simple refl ex network 
has become a complex set of pathways within the spinal cord and 
brainstem. In addition, pathways from both above and below the 
level of the input axons can directly infl uence the basic excitability 
of the motoneurons involved and, hence, alter the refl ex activity 
observed when the tendon is tapped. Indeed, when elicited clini-
cally, the tendon tap refl ex is used as a porthole into the nervous 
system to see how it is functioning, and the clinician is not usu-
ally interested in that refl ex per se. In fact, the main purpose of 
using the tendon tap refl ex clinically is to test the excitability of the 
motoneurons, as a function of both local and distant infl uences.

SOMATOSOMATIC

Although the tendon tap refl ex is used a great deal clinically, the 
most familiar of the spinal refl exes are the defensive refl exes, such as 
the withdrawal movements of a limb to a noxious stimulus. These 
somatosomatic refl exes occur when some stimulus is applied to a 
somatic structure. This initiates a volley of neural activity (often 
nociceptive) through the afferent limb of the refl ex to the spinal 
cord. The afferent input activity fl ows through synapses into the 
interneurons of the spinal cord central gray, and fi nally into the 
ventral horn motoneurons. These motoneurons then cause somatic 
muscle contraction. The refl exes have at least one interneuron 
between the sensory input in the dorsal horn of the cord and the 
motoneurons of the ventral horn (Fig. 9.3). They are named from the 
origin of the information and the locus of action, both somatic.

Many somatosomatic refl exes have been documented and stud-
ied. The simple somatosomatic refl exes are exemplifi ed by defensive 

Figure 9-3 Schematic of neural interactions at the spinal level, 
indicating the complexity of even simple refl exes. Input to the spi-
nal cord sends collaterals up and down the cord and is acted on 
by ascending and descending infl uences, as well as input from the 
opposite side of the cord. Input courses through several synapses 
and interneurons before acting (in thoracolumbar cord) on both 
somatic and sympathetic motoneurons. In cervical and sacral cord 
areas, parasympathetic pathways are involved.
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terminations of somatic and visceral afferent fi bers in the various 
levels of the spinal cord.

The overlap of input onto common interneurons within the 
gray matter of the spinal cord is also the basis for the activation 
of somatic muscle activity seen with visceral disturbances. The 
excitatory drive provided onto common interneurons by visceral 
input activates not only sympathetic outfl ow back to visceral struc-
tures but also motoneurons (both alpha and gamma) that inner-
vate skeletal musculature. The result is a tonic activation of skeletal 
muscles in the referral area of visceral input. This is the visceroso-
matic refl ex manifestation, or splinting, that is seen, for example, 
in appendicitis.

These relationships also underlie the reverse phenomenon, that 
of the somatovisceral refl ex, in which somatic input alters sympa-
thetic and parasympathetic outfl ow. The data on the convergence 
of somatic and visceral input are beginning to explain the inter-
relations between visceral and somatic structures, especially when 
nociceptive input is activated.

There are descending infl uences on the activity of both somatic 
and visceral refl ex pathways. In many of the refl ex loops driven by 
both visceral and somatic input, there is a strong effect of descend-
ing pathways on the long-lasting excitability of the refl ex outfl ow. 
These descending infl uences can maintain the excitability of the 
refl ex for extended periods. They may account for some of the long-
term increases in sensitivity, muscle contractions, and hyperexcit-
able sympathetic output seen especially with visceral disturbances. 
Likewise, the long-lasting descending infl uences can be inhibitory, 
resulting in lowered somatic or autonomic outfl ow. For example, 
the effects of rib-raising techniques (a somatic stimulation) on 

The neural connections represented by these refl ex systems are one 
of the primary ways this integration is carried out.

For the osteopathic physician, the viscerosomatic and somato-
visceral refl exes are of extreme importance. When using palpatory 
diagnosis to detect subtle problems in function, whether it be tissue 
texture changes, motion characteristics, or temperature variations 
of the body, the physician is sensing clues from the musculoskel-
etal system, skin, muscles, and fascias. These clues refl ect not only 
aspects of these tissues but also functional characteristics of the 
underlying visceral organs and tissues through the viscerosomatic 
refl ex networks. When the physician uses manipulative treatment 
to correct somatic dysfunctions, underlying visceral function is 
affected through the somatovisceral refl ex networks. Thus, for both 
palpation and treatment, an understanding of refl ex function is 
necessary.

NEURAL BASIS FOR REFLEX INTERACTIONS

Evidence is accumulating about the neural basis of viscerosomatic 
and somatovisceral interactions. When a stimulus is applied, affer-
ent input from either visceral or somatic structures fl ows into the 
spinal cord along the dorsal roots and enters the upper areas of the 
spinal gray matter. The spinal gray matter is commonly divided 
into ten layers, fi rst documented on cytoarchitectural evidence by 
Rexed (12) (Fig. 9.4). Large-diameter, cutaneous afferent input that 
signals nonnociceptive stimuli enters the spinal gray of the dorsal 
horn and terminates primarily in layers III and IV. Nociceptive 
afferents from both somatic and visceral structures enter the cord 
and send branches rostrally and caudally in Lissauer’s tract that 
runs along the apex of the dorsal horn. Branches of this nociceptive 
input then terminate in layers I, II, V, VII, and X. Layers I and V 
display an especially tremendous overlap of the input from somatic 
and visceral nociceptors (13).

It now appears that in most areas of the spinal cord, practi-
cally every interneuron that receives input from a visceral noci-
ceptor also receives input from a somatic source. It also appears 
that almost 80% of interneurons that receive input from somatic 
structures also receive visceral input. Presently, there is no evidence 
for any ascending pathway that transmits only visceral sensory 
signals from the spinal cord to the brain. This raises the question 
of how an individual can distinguish visceral from somatic pain 
or sensation at all. In many cases, visceral pain is felt as a diffuse 
and poorly localized sensation and is referred to somatic struc-
tures. The overlap of somatic and visceral input explains the refer-
ral of visceral pain to somatic structures, which is designated as 
referred pain.

Impulses arriving from visceral structures and converging onto 
interneurons also receiving somatic afferents activate ascending 
pathways to the brain that result in the perception of pain in the 
somatic structure. In addition, more somatic than visceral input 
occurs because the viscera are much more sparsely innervated with 
sensory receptors. This suggests that visceral input has much more 
diffuse functional effects than the corresponding somatic afferents 
do. For example, it appears that many of the somatic C fi bers ter-
minate primarily in focal areas of layer II of the cord. Visceral C 
fi bers extend for several segments and give off collaterals at regular 
intervals. Only about 10% of the infl ow into the thoracolumbar 
spinal cord comes from visceral structures (14). This sparse inner-
vation but wide distribution of visceral afferents may be the basis 
for the diffuse nature of most visceral pain. The evidence indicates 
that the widespread effects of visceral input are due more to func-
tional (spread of activity through networks) than anatomic (many 
collateral branches) divergence (15). Figure 9.5 shows the afferent 

Figure 9-4 Rexed layers. Laminae at the L7 segment of a cat 
spinal cord. From Rexed B. The cytoarchitectonic organization of 
the spinal cord in the cat. J Comp Neurol 1952;96:415–495, with 
permission.
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has shown that cardiac efferents can have dramatic infl uences on 
muscle activity, supporting the role of viscerosomatic refl ex con-
nections as underlying the effectiveness of palpatory diagnosis in 
visceral disease states.

However, the direct interactions through the spinal cord of vis-
ceral and somatic inputs are not the only important means of inter-
actions. Goehler and her colleagues have delineated a strong vagal 
to brain input that is primary in signaling pathogenic disturbances 
in the gut (20–22). The vagus is a very potent signaler for the very 
short latency fi rst immune response to impending infections. The 
total response to vagal signals involves autonomic, somatic, and 
psychological responses that prepare the body to fi ght the infec-
tion. Called the bottom-up response, it prepares the whole system 
for defense. Interestingly, the same response can occur from the 
“top down” being triggered by psychological stress (21). The com-
plexity of visceral, somatic, and psychological interactions is truly 
remarkable and only beginning to be understood.

CARDIAC CONTROL

We will now consider a model of viscerosomatic and somatovis-
ceral interactions shown in cardiac control. Neural input from 
somatic structures may affect neural activity to both somatic and 
visceral structures. A good example of the interaction between 
somatic afferents and autonomic outfl ow is the control of the 
heart. As with most visceral structures, the heart receives its auto-
nomic innervation from both sympathetic and parasympathetic 
nerves.

SYMPATHETIC INNERVATION OF THE HEART

Excitation of the cardiac sympathetic nerves (Fig. 9.6) causes the 
following effects:

Increased heart rate
Increased atrial and ventricular contractility
Decreased conduction time from the atrium to the ventricle

sympathetic outfl ow seem to be primarily inhibitory through the 
descending brain infl uences, resulting in decreased vasoconstric-
tion and better fl uid fl ow in the thoracic area (16).

Although much of our information on the activation of 
sympathetic afferents by skeletal input has come from nocicep-
tive input, there is evidence that sympathetic output can also be 
strongly driven independent of nociception by muscle proprio-
ceptors. For example, Kaufman (17) has shown large effects on 
sympathetic outfl ow driven by alteration of proprioceptive input 
from muscles. Pickar and his colleagues have also found evidence 
for somatosymapthetic refl ex interactions from the low back (18). 
Thus, the evidence for activation and control of sympathetic activ-
ity by somatic input strongly suggests a basis for musculoskeletal 
activity in the regulation of body function through somatovis-
ceral refl exes. Likewise, recent research by Jou and Foreman (19) 

Figure 9-5 Terminal patterns of primary afferent collaterals in 
the transverse plane of spinal cord. Left, primary afferent termina-
tions of axons not associated with nociception. A, C-low-threshold 
mechanoreceptor; B, innocuous cooling receptor; C, A hair afferent; 
D, G-1 and G-2 hair receptors; E, slowly adapting type I and II 
afferents; F, primary and secondary muscle spindle afferents; 
G, Golgi tendon organ. The arrow indicates that the parent axon 
bifurcates and ascends and descends the spinal cord for 17 seg-
ments giving off collaterals along this course. Right, nociceptor 
afferents from both somatic and visceral structures. Both visceral 
and somatic A and C fi ber nociceptor afferents terminate in Rexed 
lamina I, II, V, and to some extent in VII and X. Lamina are indi-
cated on the right and outlined by dotted lines. From Light AR. 
The Initial Processing of Pain and Its Descending Control: Spinal 
and Trigeminal Systems. Basel, Switzerland: Karger, 1992:88, with 
permission.

Figure 9-6 Sympathetic innervation of heart. A, ventral root; 
B, stellate ganglion; C, spinal nerve; D, vagosympathetic trunk; 
E, vagus nerve; F, cardiac nerves; G, middle cervical ganglion.
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level (e.g., T4), sends its sympathetic infl uences to most areas of 
the heart, not to one area. One should be cautious in relating prob-
lems in one portion of the heart to problems associated with one 
spinal level. However, different spinal segmental levels innervate 
different organs, for example, heart versus lungs. Some degree of 
segmental-like innervation does occur.

Understanding the spinal cord levels that control the heart is 
helpful in understanding responses of spinal cord–injured patients 
(Fig. 9.7) (25,26). With spinal cord lesions above T1, the brain has 
no control of the heart via the spinal cord and sympathetic nerves, 
but it can still activate the parasympathetic pathways. However, 
marked cardiac alterations may occur via refl exes mediated by sen-
sory input that enters the spinal cord below the C8 level. For exam-
ple, input from the urinary bladder may cause markedly increased 
sympathetic activity to the heart. Patients with spinal lesions below 
T1 have some brain control of the heart via descending spinal 
pathways. Patients with lesions below T5 rarely show any spinal 
refl exes infl uencing the heart from the spinal afferents entering the 
cord below the lesion level. Specifi c levels of the spinal cord inner-
vate specifi c visceral organs.

Sympathetic motoneurons located in both sides of the spinal 
cord and their corresponding sympathetic nerves innervate the 
heart. There are some quantitative differences in the regions of the 
heart that are innervated (24). For example, stimulation of sym-
pathetic preganglionic nerves from both sides of the spinal cord 
causes increases in heart rate. The right side has a greater infl uence 
on heart rate and the sinoatrial node function. Both sides inner-
vate the atrioventricular node, both ventricles, and atria. However, 
sympathetic output from the left spinal cord has a greater effect 
on cardiac output and myocardial contractility (24,26). Visceral 
organs receive asymmetrical autonomic control from the left and 
right sides of the spinal cord.

Several different descending spinal pathways can affect auto-
nomic outfl ow from the spinal cord. Many of these pathways are 
located in the lateral funiculus of the spinal cord. Both anatomic 
(27) and physiologic (28) evidence suggests that the descending 
spinal pathways are organized according to a viscerotropic pattern. 
Localized lesions of the spinal cord, or portions of the descending 
spinal pathways, may result in loss of brain control of one particular 
visceral organ, which also suggests that the brain has the potential 
to separately control different visceral organs (Fig. 9.8).

PARASYMPATHETIC INNERVATION OF 
THE HEART

Parasympathetic innervation of the heart is via the vagus nerve that 
causes the following (Fig. 9.9):

Decreased heart rate
Slowed atrioventricular conduction

The heart’s spinal innervation is associated with spinal cord 
levels from T1 to about T5, with T2 probably contributing 
the most (Fig. 9.7).

The preganglionic fi bers leave the spinal cord via the ventral roots 
and course a short distance in the spinal nerves (Fig. 9.6). The 
preganglionic fi bers then exit the spinal nerves to enter the adjoining 
sympathetic chain ganglia. Most preganglionic sympathetic fi bers 
controlling the heart course though the stellate ganglion to the mid-
dle cervical ganglion. There, they excite ganglion cells that send their 
axons, the postganglionic fi bers, via the cardiac nerves, to innervate:

Pacemaker cells
Myocardium
Conductile system
Coronary arteries

The fi rst paravertebral ganglion associated with the heart is the 
stellate ganglion, where some preganglionic axons excite ganglion 
cells whose axons also run directly to the heart (23).

Segmental-like innervation to different portions of the heart 
does not seem to occur (24). In other words, a particular spinal 

Figure 9-7 Spinal sympathetic innervation of the heart and related 
ascending and descending pathways. The heart receives spinal 
cord control via T1-T5 spinal cord levels with T2 making the larg-
est functional contribution. Lesions above T1 and below T5 block 
brain control of cardiac sympathetic activity and refl ex responses to 
ascending afferent activation, respectively.

Figure 9-8 Viscerotropic organization of the descending spinal 
pathways controlling autonomic outfl ow.
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cardiac function that seem to be distinct from those controlling 
gastrointestinal function and other visceral organs, but different 
brainstem regions may also control separate cardiac functions.

VISCERAL FUNCTION CONTROL

Cardiovascular function can be refl exively controlled by somatic 
afferents via the somatosympathetic refl exes. These refl exes may be 
mediated at the spinal cord level or via suprasegmental connections. 
The spinal somatosympathetic refl exes demonstrate dependency 
on segmental organization. These sympathetic refl ex responses at 
one segmental level are larger if the somatic afferent activity enters 
at the same spinal level than if it enters at adjoining levels (34,35). 
These refl exes also demonstrate laterality, because they are larger 
for ipsilateral refl exes than for contralateral refl exes (Fig. 9.10).

Visceral afferents can also infl uence somatic refl exes, and 
muscle tone may be altered by visceral input. Many of these refl ex 
possibilities are very important for osteopathic palpatory diagno-
sis and treatment because they provide mechanisms for the use of 
muscle tone as an indicator of visceral disturbances. The work by 
Eble (36) showed activation of skeletal muscles with stimulation 
of visceral structures, and Schoen and Finn (37) reported EMG 
activity in shoulder muscles of the cat following experimental 
MI. The cardiac viscerosomatic refl ex has an infl uence on somatic 
musculature (19).

Not only can there be activity from somatic or visceral struc-
tures that infl uences the opposite structures, but another type of 
activity, independent of the brain or spinal cord, may also occur. 
Recently, neural activity has been recorded from in vitro sympa-
thetic ganglion cells and intracardiac ganglion cells, demonstrat-
ing considerable action potential activity even when the neuronal 
connections to the CNS are severed (29,31–33). These observa-
tions suggest that the autonomic ganglia may function as little 
brains within peripheral ganglia and the heart. These ganglia may 
have the neural circuitry to act almost independently and have 
the ability to integrate intrinsic cardiocardiac refl exes as well as 
information from the CNS. However, the functional roles of these 
peripheral nervous system interactions are presently unknown 
(Fig. 9.11).

The possibility of little brains within the autonomic ganglia 
presents many more possibilities. If visceral afferents have refl exes 

Decreased atrial contraction
Limited decrease of ventricular contractility

The cardiac vagal fi bers travel in the cervical vagus nerve (vago-
sympathetic trunk) into the thorax where they separate from the 
vagus nerve to form the cardiac nerves. These cardiac vagal nerves 
have their cell bodies in the medulla, that is, the nucleus ambiguous 
and the dorsomotor nucleus (29–33).

These two medullary regions may subserve different cardiac 
functions. For example, the nucleus ambiguous may mediate heart 
rate while the dorsomotor nucleus regulates ventricular contractil-
ity (31). Not only are there regions of the brainstem controlling 

Figure 9-9 Parasympathetic innervation of the heart.
Figure 9-10 Laterality of cardiac sympathetic control and seg-
mental organization of spinal sympathetic refl exes.
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nerves. Somatic afferents and baroreceptors compete for control 
of autonomic activity. The ascending and descending pathways for 
these refl exes have been localized in the dorsal portion of the lateral 
funiculus of the spinal cord (47–49).

Summation Characteristics of Somatovisceral Refl exes

Somatovisceral refl exes demonstrate temporal and spatial summa-
tion as indicated by the wind-up phenomenon and the effect of 
input from different parts of the body. These somatovisceral refl exes 
do not reach their maximal activity immediately (50). Rather, when 
stimulated at a slow repetition rate, these refl exes exhibit wind-up. 
With each repetition of the stimulation up to about 20 times, the 
autonomic response increases in size (Fig. 9.12).

The wind-up, or as it has also been termed, sensitization 
phenomenon suggests that maximal effectiveness of therapeutic 
procedures involving somatic afferent infl uences on autonomic 
control may require frequent repetitions of the procedure to allow 
the response to build to its maximum. Furthermore, afferent input 
from different portions of the body can summate to activate auto-
nomic responses (51). Accordingly, one would expect that a sub-
liminal or noneffective stimulus to one part of the body might 
actually have an effect if combined with stimulation to another area 
(Fig. 9.13).

The refl ex system is truly a complex integrating network. Per-
haps most important for the osteopathic physician is the fact that 
somatic input can and does infl uence visceral function, just as input 
from the viscera causes changes in output to the somatic struc-
tures. This can often be felt as altered tissue tensions or changes in 
motion characteristics of joints. Maps have been published listing 
somatic areas that become abnormal to palpation with various vis-
ceral disturbances (52).

A corollary of this is that manipulation of the somatic struc-
tures can alter the function of visceral structures through the same 
pathways. The refl exes are not simple systems with only local infl u-
ences, but interconnected networks that receive input from many 
sources and process that information for distribution to both local 
and distant areas of the body.

ALTERATION OF INTEGRATIVE FUNCTION

Input from each area of the body and from descending brain areas 
interacts on a highly overlapping and integrated neural network 
in the spinal interneurons. Afferent input from any source infl u-
ences both visceral and somatic structures. For normal functioning 
of organs, muscles, fl uid motion, and other body activities, these 
complex and interacting networks within the nervous system must 
act in concert. Should one area of the neural network respond 
either more or less than normal, the fi nely tuned balance neces-
sary for normal and optimal physiologic function will be disturbed. 
Not only must the control mechanisms from the brain be normal 
for proper refl ex function, but the networks of neurons that make 

within the autonomic ganglia, somatic afferents could also have 
refl ex connections within them. Some somatic afferent fi bers 
pass through the autonomic ganglia. It is possible that somatic 
afferents infl uence sympathetic activity not only to the somatic 
structure but also to visceral structures such as the heart. Activation 
of somatic afferents might cause refl ex alteration of cardiac func-
tion via direct ganglionic refl exes as well as via the CNS-mediated 
refl exes. Likewise, visceral afferents might activate sympathetic 
ganglion cells with axons supplying somatic structures (38–41). 
The therapeutic implications of refl exes within autonomic ganglia 
may be important.

INTERACTIONS OF SOMATIC AFFERENTS 
AND BARORECEPTOR CONTROL OF 
AUTONOMIC ACTIVITY

Blood pressure and cardiac function are refl exively controlled 
through alteration of autonomic activity mediated by arterial blood 
pressure afferent receptors called baroreceptors. Increased arterial 
blood pressure excites baroreceptor activity, which is carried to 
the brainstem via the glossopharyngeal and vagus nerves. In the 
brainstem, the baroreceptor afferent activity eventually leads to 
excitation of the medullary cardiac vagal cell bodies. It also leads 
to inhibition of the sympathetic activity to the cardiovascular sys-
tem via descending brainstem/spinal pathways (42). Baroreceptor 
refl exes involving the cardiac vagus nerves have parallel inhibitory 
effects on the sinoatrial node (slowing heart rate) and atrioven-
tricular node (slowing atrioventricular conduction) (43).

Although these baroreceptor refl exes have powerful infl uences 
on cardiovascular function, they also interact with other spinal 
refl exes, especially from small, high-threshold, afferent fi bers. With 
activation of these spinal afferents, refl ex changes in sympathetic 
activity (somatosympathetic refl exes) occur at the spinal cord level 
and through suprasegmental refl exes involving ascending and then 
descending pathways to and from the brainstem (44,45).

Baroreceptor refl exes inhibit both spinal and supraspinally 
mediated somatosympathetic refl exes (46). Presumably, other vis-
ceral afferents that also mediate sympathetic refl exes are also inhib-
ited by these powerful baroreceptor refl exes.

Somatic afferent activity can modulate baroreceptor refl ex 
vagal control of the heart. Baroreceptor activation excites the car-
diac vagus nerve activity. However, somatic afferent stimulation 
attenuates or blocks the baroreceptor infl uence of vagal cardiac 

Figure 9-11 Afferent refl ex control of autonomic effectors may be 
mediated via refl exes within peripheral autonomic ganglia as well as 
via CNS connections.

Figure 9-12 Wind-up or sensitization. 
When a stimulus is repeated at a rate of 
once every second or two, response to stim-
ulus may continue to grow for 20 seconds 
or more. Finally, a stable response level is 
reached that can continue at an increased 
level as long as the stimulus is continued.
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increases often accompanied injury and disease, that the excitability 
changes were not a normal state. They represented areas of neural 
function that were operating out of synchrony with other areas of 
the neural system, causing the organs served by those neural sup-
plies also to be out of synchrony with the total body function.

Korr (7) suggested that these low-threshold spinal refl exes 
represented pathways that were being held in a hyperexcited state, 
perhaps by continued bombardment of input. He termed these 
areas the facilitated segment (although “segment” is a misnomer), 
as the areas rarely follow dermatomal boundaries. He pointed out 
that they acted to magnify input to the area from any source and 
to cause a magnifi ed outfl ow to the organs innervated by that level 
of the spinal cord. Thermographic studies were also conducted 
(56,57). Not only did the skeletal muscles respond in an exagger-
ated fashion in the low-threshold areas but the sympathetic outfl ow 
also increased. Such areas of abnormally increased excitability or 
decreased threshold within the otherwise normal areas of the spinal 
cord must act to decrease the overall integration of body function. 
No matter the source of input to a facilitated spinal area, the neu-
ral outfl ow would be exaggerated relative to the same response at 
other spinal levels. Such a situation lasting over time can have only 
undesirable consequences for total body function.

Beginning and Maintenance of Refl ex Facilitation

The fi nding that facilitated or low-threshold areas could continue 
for long periods of time and the fact that these areas were not the 
same between individuals suggested that some process could occur 
that would establish these chronically hyperactive areas. Initial 
speculation suggested that the hyperexcitability was maintained 
by tonic afferent input. Most input from either somatic or visceral 
structures, however, decreases dramatically with activities such as 
sleep or other forms of relaxation. Why should the hyperexcitabil-
ity continue even with the loss of afferent activity? What is the 
nature of the neural processing within the refl ex pathways to affer-
ent stimuli that might explain the appearance of regions of hyper-
excitability? More recent studies have provided some answers that 
have a bearing on how changes in refl ex excitability can at times be 
an adaptive process and at times a detrimental one.

ALTERATION OF REFLEX EXCITABILITY

The concept of the refl ex as a simple, unchanging, static input/
output relationship is oversimplifi ed. Although he characterized 
refl ex function as innately given, even Sherrington recognized that 
refl ex excitability could be momentarily altered by infl uences such 
as signals from higher brain structures or by rapid and repeated use, 
which, he noted, caused refl ex fatigue. The notion that refl exes are 
fundamentally unchanging, static input/output relationships is still 
widespread despite the fact that it is now clear that the excitability 
of spinal refl ex pathways can be altered by many infl uences. These 
changes can range from short-lasting, fl eeting changes to very 
long-lasting ones that may even become permanent. These long-
lasting alterations may well be the basis for the changes shown by 
Denslow in his studies of human motoneuron excitability and for 
the facilitated state hypothesized by Korr. These threats to func-
tional integration of the body may be related to the effects of noci-
ceptive stimuli at the periphery.

ALTERATION OF NOCICEPTIVE INPUT

Infl ammation from strong stimulation of the skin or other periph-
eral somatic or visceral structures produces a set of changes in the 

up the refl exes must also be acting normally. Unfortunately, these 
networks themselves can be altered, resulting in a loss of proper 
function.

Although Sherrington postulated that refl exes are innately 
given, evidence is accumulating that the function of refl ex networks 
can be infl uenced by many factors. They are subject to both short-
term and long-term changes that can have consequences for the 
health of the individual.

In the early and mid-1940s, Denslow et al. (53–55) were among 
the fi rst to show the results of changes in the integrative function 
of refl ex networks in humans. They performed a series of studies 
on normal, young adult volunteers to determine whether the refl ex 
excitabilities at various spinal levels of the body were stable and 
comparable. They measured how much stimulation it took to evoke 
muscle activity (EMG) in the paraspinal muscles of the back at 
several levels of the thoracic spine.

They found that, on the average, refl ex excitability to pressure 
on the spinous processes was highest in the upper thoracic area and 
lowest in the midlumbar area. Although decreased excitability from 
the upper thoracic to the lower lumbar areas was seen overall in the 
subjects studied, practically all individuals studied had areas that 
were very highly excitable, responding to small amounts of pressure 
on the spinous process at that spinal level. In normal areas, in con-
trast, even a fairly heavy pressure in the spinous processes did not 
produce any muscle activity in the associated muscles. The highly 
excitable areas were characterized by not only the increased muscle 
activity to pressure on the spinous process but also often by pain and 
tenderness in the area. The areas of increased sensitivity to stimula-
tion were not uniform from individual to individual and were long 
lasting (some cases remaining almost the same for years). In most 
cases, the individual did not realize that any change was present.

These long-lasting, low-threshold areas to afferent input could 
be activated not only by stimulating tissues at the same level of the 
spinal cord but also by stimulating other areas of the back or even 
by providing a psychological stress to the individual. With remote 
input, such as pressure on a spinous process four vertebrae away 
from the level of the low-threshold area, the muscles at the level of 
the input remained silent while those at the level of the low thresh-
old became active. The same pattern occurred with psychological 
stressors. The normal areas remained silent, but the low-threshold 
areas showed muscle activity.

In later studies, Denslow and co-workers (56,57) found that 
not only was muscle activity affected but so were the activities of 
visceral organs through altered sympathetic output. Here, again, 
the interrelatedness of the somatic and visceral portions of the 
body was shown.

Although many otherwise normal subjects had low-threshold 
or high-excitability areas, it became evident from subject-to-subject 
variability, and from further data showing that the excitability 

Figure 9-13 Summation of autonomic responses. Input from two 
different locations adds together to produce a larger autonomic 
response than either input produces when it occurs alone.
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The opposite of habituation is an increase in refl ex excitability. 
Earlier, we described the phenomenon of wind-up, in which a 
stimulus repeated several times causes an increased number of neu-
ral fi rings. Wind-up has also been called sensitization in earlier 
studies (Fig. 9.12). In this process, a repetitive stimulus can cause 
an increase in output rather than a decrease. A stimulus causing 
habituation can cause sensitization simply by increasing its inten-
sity. This causes more nociceptors to become active, or the same 
nociceptors to produce more impulses. Like habituation, sensitiza-
tion can occur within a matter of seconds, and it can also dissipate 
in a matter of seconds when the stimulus is terminated (61).

Both habituation and sensitization have been extensively stud-
ied at the cellular level. In the mammal, both occur within the 
spinal central gray matter in the interneuron pathways. They are 
probably subserved by two different sets of interneurons, which 
then synapse on the motoneurons of both the sympathetic and the 
somatic systems. Both sensitization and habituation are apparently 
presynaptic processes that either inhibit (habituation) or enhance 
(sensitization) the release of neurotransmitter with each activation 
of the presynaptic terminal (62). They are independent of descend-
ing infl uences from higher nervous centers. Both processes can be 
demonstrated in humans with spinal cord transections.

Habituation and sensitization are different processes but occur 
at the synaptic level and can occur over a few seconds of sensory 
input. Although the process of sensitization may not be a unitary 
one (because there may be more than one form of sensitization), 
when the initiating stimulus is terminated, both processes do 
appear to dissipate in a fairly short time.

Habituation allows the organism to damp the response to 
nonthreatening stimuli, while sensitization allows the individual 
to respond more forcefully to a stimulus that is stronger and thus 
threatens tissue damage. These two processes are valuable in main-
taining the organism in its everyday existence. Under normal con-
ditions, the opposing processes of habituation and sensitization 
function to maintain a balance between overreaction and under-
reaction to normal stimuli. When the infl ammation process occurs, 
whether it is a minimal or a maximal infl ammation, the balances of 
habituation and sensitization are disrupted. The normal damping 
effects of habituation are shifted toward the sensitization process. 
This is caused by the larger and more extreme responses of the 
peripheral receptors to what would usually be a nonthreatening 
stimulus. The result is a larger-than-normal motor output to both 
the visceral and the somatic structures innervated by the affected 
refl ex pathways and, thus, to an overresponse to stimuli. The pro-
cess disrupts the normal integration of physiologic function.

Once the process of sensitization has begun, often over a few 
seconds of strong input, a secondary process begins to occur. Sen-
sitization dissipates a few seconds or minutes after the stimulus 
is gone. A longer-lasting process, termed long-term sensitization, 
begins to develop in the refl ex pathways once sensitization has been 
in place for several minutes. This process precludes the excitability 
of the neural pathways from returning to normal for some time, 
often hours.

The effects of this process can often be seen in laboratory 
experiments when bursts of stimulation are given followed by an 
occasional stimulus pulse to test the responsiveness of the refl ex 
system. After initial sensitization and the rapid decrease of refl ex 
excitability after stimulus termination, the response being tracked 
does not return to its prestimulation baseline but remains a small 
but signifi cant amount above the base level. This hyperexcitability 
does not decay for varying amounts of time depending on the time 
and strength of the stimulus. Unlike sensitization, long-term sen-
sitization is thought to be a postsynaptic event, possibly involving 

sensory receptors of the organ that dramatically alters the amount 
of neural activity sent to the spinal cord (58). Most tissues are 
innervated by various sensory receptors, such as:

Touch
Temperature
Stretch
Nociceptors

The nociceptors are composed primarily of naked (unmyelinated) 
nerve endings that respond to potentially tissue-damaging stimuli. 
In the hollow visceral organs, they respond to stretch or dilation of 
the organ, for example. These receptors send impulses through thin 
myelinated (group III or A) or unmyelinated (group IV or C) fi bers 
into the spinal gray matter, where they synapse primarily in Rexed 
layers I and V. When activity occurs in these pathways, the result-
ing sensation is usually discomfort or pain, although the input may 
be blocked (by other neural activity) from reaching the areas of the 
brainstem where they are appreciated as pain. However, even though 
a nociceptive input to the spinal cord does not reach the conscious 
level, it may affect the dynamics of the spinal pathways (59).

Once a stimulus suffi ciently strong to activate nociceptive input 
begins, impulses travel into the spinal cord via the dorsal roots. At the 
branches of the peripheral neurons, the afferent impulses invade the 
afferent branches and are conveyed back out to the nerve terminals 
where they cause release of various peptides into the surrounding 
tissues. The sites of peptide release may be some distance from the 
original stimulus. The result of this release is the start of a cascade of 
events that leads to involvement of the sympathetic postganglionic 
nerve terminals and to the release of serum from the surrounding 
capillaries. Prostaglandins released from the sympathetic nerve ter-
minals continue the serum release that leads to local infl ammation.

This process begins the healing process, although it may be suf-
fi ciently severe that the healing process is retarded (60). The infl am-
mation also produces dramatic changes in the characteristics of the 
local nociceptors in the area. Schmidt (58) demonstrated in the cat 
knee joint that the number of nociceptors responding to a stretch 
stimulation may be between 3,000 and 4,000 after infl ammation. In 
contrast, even severe stretch of the normal joint may cause only 400 
nociceptors to fi re. Also, the receptive fi elds of the active nociceptors 
enlarge dramatically in the infl amed area, and the threshold to acti-
vation signifi cantly decreases. The result of an infl ammatory process 
(or a strong stimulus that produces tissue damage) will be to lower 
nociceptor thresholds and dramatically increase input to the spinal 
cord. Peripheral events can lead to dramatic changes in the amount 
of stimuli caused by changes in the peripheral receptors.

What happens to spinal refl ex networks when stimulus input 
changes? In the normal refl ex pathway, repeated activation of the path-
way by a weak afferent input results in a temporary decrease in the out-
put of the network. Sherrington described this short-term decrease in 
refl ex pathway excitability as refl ex fatigue. This process, now termed 
habituation, has been studied extensively and is a characteristic of 
polysynaptic refl ex pathways in the spinal cord and brainstem.

Habituation is characterized by a decrease in output from a 
neural pathway that has repeated stimulus input of a mild to mod-
erate intensity. A stimulus may initially produce a response of a 
certain magnitude, but if the stimulus is repeated several times, the 
response decreases. If the stimulus is then terminated, the response 
returns to its initial level in a matter of seconds to minutes (61). 
The process of habituation is a ubiquitous phenomenon, occurring 
in almost all animals and in all mammalian refl ex pathways except 
the monosynaptic myotatic refl ex. It is a necessary part of the neu-
ral integration, because it allows nonessential stimuli to be muted 
in their effects on the nervous system.
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of spinal interneurons. Interneurons on which afferent fi bers from 
affected nociceptors synapse begin to respond much more easily to 
input from a variety of sources, such as touch, pressure, and even 
the movement of distant muscles. These dramatic changes in excit-
ability also last for long periods (days and weeks) and develop dur-
ing the initial infl ammatory episode (69,70).

Knowing something about the mechanisms of the changes may 
allow us to restore more normal function. Dubner, Ruda, and Gold 
(71,72) summarized a series of intracellular changes that are linked 
to the excitability alterations seen with the infl ammation process. 
The cells activated by nociceptive input from infl amed peripheral 
structures begin to show enhanced activation of specifi c parts of the 
postsynaptic cell membrane called N-methyl D-aspartate recep-
tors. When these receptors become more active, the excitability 
of the cell is increased. If cellular activation continues even lon-
ger, changes in the activity of genes within the neuron are seen. 
A class of genes called intermediate-early genes, c-fos, and c-jun, 
become more active, causing increased dynorphin release within 
the cell. Dynorphin is a substance that causes increased cell exci-
tation. With more of it being produced, the cell is then held in a 
hyperexcitable state. Wolpaw (73) provided strong evidence that 
excitability increases and decreases can be produced not only by 
nociceptive input to the spinal circuits, but also by nonnociceptive 
input. In Wolpaw’s studies, both increased and decreased spinal 
refl ex excitability were produced by long-term input that was non-
nociceptive. Thus, it is beginning to appear that spinal circuits can 
be altered rapidly by nociceptive input, and more slowly by non-
nociceptive input.

Other studies have begun to show that a fourth type of spinal 
circuit excitability alteration can occur. With heightened excitabil-
ity over several days, a process begins to occur in the interneuron 
cell body that fi nally destroys the cell. Although both inhibitory 
and excitatory interneurons should theoretically be affected by 
this process, it appears that inhibitory interneurons are affected 
primarily (74). Thus, after the long-term excitability increases 
of the fi xation type are established, continued activation of the 
pathways may result in the loss of inhibitory interneurons. This 
is certainly an almost permanent event. However, it is apparently 
not the end of the story. In some cases where inhibitory interneu-
rons have been lost, there may be new excitatory synapses actu-
ally formed to replace the lost inhibitory synapses (75). These 
two additional processes would further shift the balance of exci-
tation in the spinal cord toward enhanced excitability, perhaps 
permanently.

We have outlined four steps that have been shown to occur 
in the spinal cord refl ex circuitry to alter the excitability of those 
pathways:

Sensitization
Long-term sensitization
Fixation
Loss of inhibitory interneurons/new excitatory synapse formation

These four overlapping and progressive stages in spinal excitabil-
ity alterations are underlain by different neural processes, ranging 
from simple synaptic transmission alterations to complex changes 
in the genetic function of the cell. With increased understand-
ing of the underlying processes involved, it may be possible to 
fi nd ways to stop or even reverse them and, hence, re-establish 
normal excitability in an affected region. In addition, the resto-
ration of normal input to an affected spinal area would have an 
ameliorative effect on the function. However, at present, little 
is known about how to reverse the effects of these excitability 
alterations.

the elaboration of proteins in the postsynaptic neuron that remain 
active for some time after the initiating event.

Recently, Mantyh et al. (63) have shown dramatic changes in 
the substance P receptors and even structural reorganization of 
the dendrites of spinal interneurons after nociceptive input. These 
changes could be the basis for long-term sensitization. Long-term 
sensitization involves a different mechanism than the short-term 
process does and can have effects that far outlast the originating 
stimulus.

Once a stimulus has acted on a refl ex network for a longer time, 
the results can be even more dramatic. For many years, a process 
known as spinal fi xation has been known but not fully recognized. 
First shown in anesthetized animals, spinal fi xation was manifest 
as remaining active leg fl exion after 3 to 4 hours of limb fl exion 
secondary to a cerebella lesion. The lesion produced disrupted 
outfl ow from the postural centers in the cerebellum, resulting in 
sustained fl exion of a leg. When the spinal cord was sectioned 
immediately after the lesion, the limb dropped to the usual fl accid 
paralysis of the animal. However, if the spinal cord was allowed to 
remain intact for 3 to 4 hours after the lesion and then transected, 
the limb remained fl exed to some extent. The explanation was that 
the strong outfl ow from the injured cerebellum caused a hyper-
excitability to develop in the target interneurons of the cord that 
remained active after spinal transection and resulted in continued 
motor activity.

In the mid-1960s, research showed that the minimal time 
necessary for the fi xation of this excitability was approximately 45 
minutes. Animals receiving the spinal transection within 35 min-
utes showed no remaining fl exion, but those having 45 minutes 
between lesion and transection showed remaining fl exion (64). 
This effect has now been shown to occur not only as a result of a 
cerebella lesion but also with stimulation of the skin of the hind 
limb, and it has also been shown to occur in either intact or animals 
with spinal transection (65–67). The change in the spinal refl exes 
produced by the cerebella lesion was caused not by pain or nocicep-
tive input but by changes in outfl ow from the postural centers.

This, along with more recent research, shows that changes in 
the refl ex functions can occur with both nociceptive and nonno-
ciceptive input, although nociceptive input produces the changes 
more quickly than nonnociceptive input does. Refl ex excitability 
changes can be infl uenced by many factors, including:

Stress prior to stimulation
Length and severity of stimulation
Whether the spinal cord is intact or sectioned

The changes have been traced for 3 days to 3 weeks after only 
45 minutes of fairly intense nociceptive stimulation and may last 
even longer. With intense stimulus input, the effect is seen after as 
little as 20 minutes of stimulation (68). Obviously, strong input, 
especially nociceptive in nature, can have rapid and long-lasting 
effects on the excitability of refl ex circuits. Although the locus of 
the changes seen in fi xation is not yet known, it seems likely that 
the alterations observed are processes akin to long-term sensitiza-
tion but which last a much longer time. It appears that the fi xa-
tion process is also dependent on the elaboration of proteins in the 
postsynaptic cells and that it would affect the responsiveness of 
those cells not only to the original input but also to all input to 
the cell.

Another line of evidence of long-lasting increases in refl ex 
excitability comes from studies of peripheral infl ammation that 
show that there are peripheral effects of infl ammation on afferent 
input and receptive fi elds. Continued afferent input from periph-
eral infl ammation produces dramatic changes in the responsiveness 
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the axon walls, to resupply the transmitter substances, and so forth 
are carried on this system. The most common clinical effects of 
the loss of this transport system can be seen when neural contact 
is withdrawn from an end organ, such as when a muscle is dener-
vated by cutting its motor nerve (a relatively common occurrence). 
Not only does the muscle cease to contract, but unless the nerve 
regrows again to contact the muscle, the muscle fi bers eventually 
lose their ability to contract. They change their structure to that of 
noncontractile connective tissue. Likewise, if an end organ is dam-
aged, its nerve supply often retracts and the synapses are lost. The 
end organ supplies something to the nerve that allows the synapses 
to remain viable.

A great deal of study has been done on the uptake of substances 
supplied by the end organ to nerve terminals. A family of sub-
stances known as nerve growth factor (NGF) is essential to contin-
ued nerve contact with an end organ and for continued viability of 
contacts between nerves higher up the chain. If the end organ does 
not supply NGF, the synaptic contact is lost.

This factor is also essential in development, allowing appropri-
ate nerves to reach and establish contact with the appropriate end 
organs. Loss of appropriate NGF causes deterioration of the nerve 
and its contacts. NGF is elaborated in the end organ and taken 
up by the presynaptic membranes, where it is transported up the 
axon to the cell body (retrograde transport). There, it regulates the 
function of the nerve and the nerve’s ability to maintain synaptic 
contacts. Many other substances can be taken up and transported 
to the cell body, but not all of them are helpful to nerve function. 
The tetanus toxin, tetanospasmin, is made in peripheral structures 
after infection by the Clostridium tetani bacterium. The toxin is 
taken up by nerve terminals and transported to the CNS, where it 
affects neural function, causing the clinical signs of tetanus.

Many common nerve-tracing techniques rely on the ability 
of the neuron to take up substances and transport them from the 
periphery of the nerve to the cell body. For example, horseradish 
peroxidase is used as a nerve tracer by injecting it into the area 
of nerve terminals, where it is taken into the cell and transported 
up the axon, eventually fi lling the cell body and even dendrites. 
A fi xative can then be used to turn the horseradish peroxidase a 
dark brown-black, providing an easily visualized portrait of the cell. 
Many other dyes and materials are commonly used in this way to 
visualize nerve cells.

Although much is known about the NGF family and some 
other substances and about the actual transport mechanisms within 
the axon, less is known about the delivery of substances to end 
organs through transport from cell body to axon (anterograde fl ow), 
such as what is delivered to keep a muscle functional. In 1967, Korr 
et al. (77) published the results of a study that showed that amino 
acids placed on the cell bodies of the hypoglossal nucleus on the 
fl oor of the fourth ventricle were incorporated into the cell body 
and transported down the axon to the tongue muscle, where they 
were delivered into the muscle fi bers. Later work showed that not 
only was the material transported but it was also transported at sev-
eral different rates of fl ow. That study and others since have shown 
that fl ow rates within an axon vary from as slow as 0.5 mm/d to as 
fast as 400 mm/d. The observed rates are (78):

Slow (0.52 mm/d)
Medium (25 mm/d)
Fast (up to 400 mm/d)
Very fast (up to 2,000 mm/d)

While his work on transynatic fl ow of proteins was at fi rst not 
taken seriously, in 1971, Grafstein (79), previously one of Korr’s 
most vocal critics, published data supporting protein transport 

These four steps are a progression from short-term to long-term 
and even permanent alterations of spinal excitability. It seems 
almost certain that these steps underlie the changes recorded by 
Denslow et al. (53) and interpreted by Korr (7) as the facilitated 
segment. They saw these alterations as having widespread and 
often grave consequences for the patient. Although they had no 
way to understand the basis of the facilitated segment at that 
time, they rightly viewed these alterations in function as a real 
threat to the health and function of the patient. An area of spi-
nal refl ex pathways that are either temporarily or permanently in 
a state of increased excitability would respond to all input in an 
exaggerated way, with the result that the organs or tissues inner-
vated by those areas of the spinal cord would receive exaggerated 
neural drive. Thus, the affected tissues, somatic or visceral, would 
be driven to respond in a fashion that was not in harmony with 
the rest of the body. Over time, this increased drive on the tissues 
would be expected to take a toll on the functional ability of the 
tissues and could result in premature breakdown or loss of normal 
function.

It is also evident that areas of increased spinal excitability 
would respond to central commands in an inappropriate way. 
This could be the reason why some people respond to stress with 
heart palpitations while others respond with gastric distress. The 
abnormally excitable area of the cord would be the one to respond 
with abnormal drive onto the innervated tissues, resulting in clini-
cal manifestations not seen in other tissues. Thus, a clinical prob-
lem may be the result of a long-standing facilitated area of the 
spinal cord.

In addition to spinal circuit changes, it is now becoming appar-
ent that nociceptive input may cause changes in the brainstem and 
even in the cortical areas that could account for many of the usual 
symptoms seen with chronic pain. Indeed, there is evidence that 
in the prefrontal cortex, cortical neurons analogous to the spinal 
inhibitory interneurons may be destroyed with some types of pain 
input (76). The probable result of these changes in the brainstem 
and even cortex that may be analogous to those seen in the spinal 
cord will be to alter the ability of the system to respond to envi-
ronmental stress, and may predispose to disease, altered immune 
function, and depressive states.

Thus, the spinal excitability alterations fi rst seen by Denslow 
and Korr seem to be underlain by a series of progressively longer-
lasting spinal circuit alterations that result in altered outfl ow to 
central brain areas and to both somatic and visceral tissues inner-
vated by that area. As noted above, the restoration of normal input 
to the area from somatic and visceral tissues would almost surely 
help normalize the function of the affected areas in all but extreme 
cases. The restoration of normal tissue function by manipulative 
procedures would be expected to help restore normal function in 
the spinal circuits. Thus, given an altered refl ex network, that area 
can no longer respond in concert with other networks, producing 
diminished functional integration, and beginning the loss of health 
associated with disease.

NONIMPULSE-BASED INTEGRATION

Neurons not only convey impulses throughout the body to inte-
grate function, but there is also a steady stream of material fl owing 
from the neural cell body out the axon and dendrites (anterograde 
fl ow) as well as a fl ow of materials from the periphery of the nerve 
back to the cell body (retrograde fl ow). These fl ows are called axo-
plasmic fl ow. Anterograde fl ow transports materials from where 
they are manufactured in the cell body down a complex microtu-
bular structure within the axon. Materials to supply rebuilding of 
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These breaks in the normal integration of the nervous system were 
shown to affect both visceral and somatic structures. The interac-
tion between visceral and somatic input in the spinal cord provides 
the basis for that common effect. The changes shown in response 
to nociceptive input can easily account for the long-lasting nature 
of the facilitation identifi ed in those studies. The facilitation was 
hypothesized by Korr to be the basis for the somatic dysfunctions 
long recognized by the osteopathic profession.

Because the neurons involved in the altered excitability are 
interneurons (the neurons on which a variety of different pathways 
synapse), the data also support the effects of excitability changes 
on both somatic and autonomic outfl ow. The inputs from both vis-
ceral and somatic structures end on common interneurons. When 
the excitability of those interneurons is altered, the outfl ow to all 
structures innervated by motoneurons to which those interneurons 
connect is affected.

The refl ex networks of the nervous system are not at all static, 
genetically determined entities. They are a vast network of highly 
interconnected pathways that are continually changing to meet 
local needs and to maintain integration of function. These processes 
allow the delicate moment-to-moment integration that character-
izes optimal functional capacity. The integration, however, can be 
turned against the very system it serves. When abnormal or very 
strong input occurs, the result can be a long-term disruption of 
the normal excitatory/inhibitory balances and a shift to excessive 
excitability (or in some cases, to excessive inhibition). The result, 
in either case, is the loss of functional integration and a decrease in 
functional capacity of the individual.

There are many factors that infl uence the total function of the 
individual, including their:

Accumulated effects of life
Habits
Living environment
Food
Psychological and spiritual makeup and state

The role of the state of the nervous system is but one of the fac-
tors infl uencing the total health of the person. Because it affects all 
organs and structures with which it communicates, an area of cen-
tral excitation or facilitation delivers the effects of all other stres-
sors on the individual to the end organs. In essence, it is the fi nal 
common factor in communicating with the end organ. Most of the 
other stressors in life are diffi cult to change, and the osteopathic 
physician has little impact on or control over them. However, the 
physician can directly affect the course of the facilitation and its 
effects by recognizing that it occurs and by using modalities, espe-
cially manipulative treatment, that alter it.

Rational therapy dictates the normalization of afferent input 
as quickly as possible. In chronic situations, use methods to reduce 
the abnormal input to allow the body to restore normal balances of 
excitation and inhibition as fully as possible. In this way, the goal 
of total osteopathic treatment, to optimize each individual’s func-
tion and to restore the individual’s dynamic functional balance of 
optimal health, can be brought closer to reality.
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across synapses in the optic system. There is currently much data 
supporting both anterograde and retrograde transport of materials 
across synapses throughout the nervous system (80–83).

Although much of the anterogradely transported materials are 
related to support of the neuron and synaptic functions (such as 
supply of neurotransmitter components), materials delivered by the 
nerve to its end organ are necessary for either its function or con-
tinued existence (84).

Thus, the nervous system is not only the network for rapid 
communications within the body, but it also serves as a vast net-
work for a far slower two-way communication between the central 
nervous structures and every part of the body. Disruption of this 
slow transport of materials has consequences for continued func-
tion that may not be immediately evident but that range from sub-
tle to disastrous. Complete withdrawal of NGF or of the materials 
delivered by the nerve to its end organ may result in loss of func-
tion. Disturbance of the fl ow of materials in either direction results 
in less than optimal function of the organs involved (85).

Many questions remain about the two-way communication of 
axoplasmic fl ow. What substances are being delivered? How neces-
sary are they? What do the materials transported from the periph-
ery to the nerve cell bodies do to the function of the cell or of the 
entire CNS? Are there crucial times for delivery of nerve factors to 
end organs for proper development? However these questions are 
answered, it is important to recognize the vast integrating nature of 
the nonimpulse-based transport systems of the nervous system and 
the importance of proper function of this system.

Many things have been shown to affect the material fl ow 
within the nerve cells. Even small pressure on axons can impede 
proper axoplasmic fl ow. A sustained increased number of impulses 
carried by the neuron (as in those originating in facilitated areas of 
the cord) may decrease fl ow rates. Improper supplies of nutrients 
and oxygen to the cell body or axon alter the fl ow. The occurrence 
of the tissue tensions and fl uid fl ow disturbances often associated 
with somatic dysfunctions can be factors in altering axoplasmic 
fl ows. The somatic dysfunctions treated with the use of manipu-
lation would be expected to have a positive effect on the fl ow of 
materials in axons of the area and, hence, to improve body function 
and integration.

CONCLUSION

In the normal, integrative function of the nervous system, a great 
number of infl uences obviously act on any neural pathway. Afferent 
input activates refl ex outfl ow. Descending activities from higher 
nervous centers modulate excitability of interneurons. Ascending 
infl uences from lower spinal areas increase or decrease activity. Psy-
chological effects are played out on all levels of the neuraxis. The 
nerves deliver the materials necessary for normal function to their 
end organs, while the end organs send the substances necessary for 
continued synaptic viability to the nerves.

These infl uences come together to determine the moment-
to-moment excitability of any area of the CNS and to determine 
overall outfl ow to both somatic and visceral structures. If all of these 
infl uences are working in harmony, optimally integrated function 
can be expected from the various organs. If, however, one area is 
in a hyperexcitable state, the output from that area of the system 
will not be in harmony with the output of the other areas. In that 
case, the optimal function is disrupted and the individual becomes 
increasingly prone to loss of function and disease.

The long-term alterations in spinal refl ex excitability (now well 
demonstrated by various studies) seem almost certain to under-
lie the alterations demonstrated by Denslow and his colleagues. 
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10 Autonomic Nervous System
FRANK H. WILLARD

Our daily existence depends on the coordinated activities of our 
internal organ systems. A major factor in orchestrating the diverse 
functions of these internal structures is the autonomic nervous sys-
tem. Through an extensive network of connections, the autonomic 
nervous system helps maintain the normal rhythm of activity in the 
visceral organs, adjusting their output to accommodate any external 
challenge. The limbic structures of the brain control the autonomic 
nervous system through the hypothalamus. The hypothalamus 
itself is closely integrated into a complex network involving the 
endocrine and immune systems. This conglomerate of interlocking 
systems, with its pervasive infl uence on our physiology and psy-
chology, is called the neuroendocrine-immune network.

The terminology used to describe the part of the nervous sys-
tem usually not under voluntary control varies widely. Since the 
18th century, different terms have been used by researchers in dif-
ferent countries. None of these terms refers to the exact same group 
of structures or functions. Examples include:

Vegitive nervensystem
Grand symapathique
Ganglionic nervous system
Visceral nervous system

The two most commonly used terms are vegetative and autonomic 
nervous system. For a thorough discussion of the history of ter-
minology concerning this system, see Clarke and Jacyna (1). The 
present chapter uses the term autonomic nervous system to refer 
to all components of the nervous system using preganglionic and 
ganglionic neurons as an efferent pathway. This defi nition excludes 

only the neuromuscular junctions between the ventral horn of the 
spinal cord (and a few cranial nuclei) and the skeletal muscle.

The clinical importance of understanding the circuits of the 
autonomic nervous system cannot be overstated. Almost all com-
munication between neurons in these circuits occurs via synaptic 
transmission. This process depends on the production, distribu-
tion, and recognition of specifi c neurochemicals. Most pharmaceu-
tical agents, either as a desired fi rst action or as an undesired side 
effect, affect these metabolic and stereologic events. Knowledge of 
nervous system structure, function, and chemistry is a necessity for 
the educated use of these substances and the intelligent approach 
to the maintenance of health.

The autonomic nervous system is sensitive to events occur-
ring in somatic tissue such as cutaneous and musculoskeletal sys-
tems. The autonomic and somatic nervous systems are interlocked 
through numerous somatovisceral and viscerosomatic refl exes. 
Visceral symptoms may be the primary manifestations of somatic 
dysfunction and vice versa. This chapter examines the organization 
of the autonomic nervous system and its afferent component and 
emphasizes the pattern of innervation reaching the major organs of 
the thoracoabdominopelvic viscera and the segmental representa-
tion of these organs in the spinal cord.

ORGANIZATION OF THE AUTONOMIC 
NERVOUS SYSTEM

The autonomic nervous system has components in both the 
central and the peripheral nervous systems (PNS) (Fig. 10.1). 

K E Y  C O N C E P T S
■ The two components of the peripheral nervous system are somatic and autonomic.
■ The somatic component provides innervation of the skeletal muscle; while the influence of autonomic portion, 

representing the predominant component, is seen on almost all other tissues in body.
■ Organization of the autonomic nervous system is similar to the somatic nervous system, including the following 

roles: receiving afferent fibers, processing information in central circuits, and forming output to connective tissue 
cells, smooth muscle cells, secretory cells, and immune cells.

■ The distinctive feature of the autonomic nervous system is the two-step output pathway involving centrally located 
preganglionic neurons and peripherally located ganglionic neurons.

■ There are two anatomically, biochemically, and functionally distinct divisions of the peripheral autonomic nervous 
system: sympathetic and parasympathetic, with dual effects on many organ systems.

■ Innervation of the visceral organs occurs through the great autonomic plexus that extends from the base of neck 
through the thorax, diaphragm, and abdomen and terminates in the pelvis.

■ The great autonomic plexus is supplied with parasympathetic fibers from the vagus and pelvic splanchnic nerves 
and sympathetic fibers from the thoracic, lumbar, and sacral splanchnic nerves.

■ The central origin and importance of sympathetic and parasympathetic innervation for organ systems in the head, 
neck, thorax, abdomen, and pelvis.

■ The origin and importance of sympathetic innervation for the peripheral vasculature.
■ The primary afferent innervation of organ systems is instrumental in controlling the output of the autonomic 

nervous system.
■ Neuropeptide markers in afferent nerve fibers and small-caliber, primary afferent fibers involved with detection of 

nociceptive stimuli.
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to as fast transmission. Conversely, chemical signaling in the 
autonomic PNS uses metabotrophic principles and volume trans-
mission (3), the diffusion of transmitter substance away from axonal 
vesicles, as well as fast synaptic transmission. The metabotrophic 
methods of signaling usually involve a neuromodulator that binds 
to a membrane receptor, activating second-messenger pathways 
within the target cell. These methods are also called slow transmis-
sion and often lead to altered gene expression. To further under-
stand the distinction between somatic and visceral PNSs, compare 
the typical neural circuitry present in refl ex arcs.

SOMATIC REFLEX ARC

Input and output for the peripheral somatic nervous system occur 
through spinal and cranial nerves. Figure 10.2 diagrams a typical 
spinal nerve, illustrating the basic circuitry of the somatic refl ex 
arc. In its simplest form, the refl ex arc contains a primary afferent 
neuron in a ganglion and a centrally located motor neuron con-
nected by a synaptic junction. Because only one synapse separates 
the input from the output, this circuit is called a monosynaptic 
refl ex. The cell body of the primary sensory neuron is located in the 
dorsal root ganglia or in the peripheral ganglia of a cranial nerve. 
The peripheral process of the sensory neuron is directed outward 
along a spinal or cranial nerve to reach its target in the peripheral 
tissue. This process either acts as a receptor end organ itself or is 
attached to one located in skin, muscle, or connective tissue. Each 
sensory neuron also has a central process (axon) that extends into 
the dorsal horn of the spinal cord or into the brainstem.

Two fundamental types of primary afferent neurons are present 
in sensory ganglia. One class of sensory neuron features a large cell 
body with a myelinated process; this kind of cell forms the A-afferent 
or large-caliber fi ber system and is involved in proprioception or 
discriminative mechanoreception (4). Conversely, other sensory 
neurons have small cell bodies, with lightly myelinated or unmy-
elinated processes. These cells form the B-afferent or small-caliber 
fi ber system and are involved in crude touch and nociception (4) 
(see Chapters 7 and 8 for additional discussion of this concept).

The major autonomic components of the central nervous system 
(CNS) include:

Limbic forebrain
Hypothalamus
Several brainstem nuclei
Intermediolateral cell column of the spinal cord

The autonomic components of the PNS include numerous ganglia 
(collections of neuron cell bodies located outside of the CNS) and 
a network of fi bers distributed to all tissues of the body with the 
exception of the hyaline cartilages, the centers of the intervertebral 
disks, and the parenchymal tissues of the CNS. This review focuses 
on the peripheral distribution of the autonomic nervous system.

Peripheral Nervous Systems

The axons from neurons located in the CNS enter the periphery 
through spinal and cranial nerves. The peripheral portion of the 
nervous system can be divided into two fundamental parts based 
on the target structures of efferent fi bers. Axons derived from the 
somatic component of the PNS innervate skeletal muscle. Axons 
derived from the autonomic component of the PNS enter the 
periphery and form complex interwoven plexuses containing clus-
ters of cell bodies called ganglia. Neurons in these ganglia inner-
vate all other targets, including:

Smooth muscle
Cardiac muscle
Glands
Connective tissue
Cells in the immune system

This fundamental division in the PNS also refl ects differential 
methods in cellular communication. The mechanism of transmis-
sion in the neuromuscular junction of the somatic system involves 
ionotrophic principles (2). This mechanism uses the ion-gated 
channels to quickly depolarize the cell membrane, a process referred 

Figure 10-1 General organization of the autonomic nervous system. Figure 10-2 Components of somatic refl ex arc.
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is a diagram of a typical spinal nerve and its connections with a 
splanchnic nerve. The afferent neuron has a peripheral process 
ending in a visceral organ or a blood vessel, a cell body located 
in the dorsal root ganglia, and a central process that terminates 
in the dorsal horn of spinal cord. This central process terminates 
on interneurons that, in turn, innervate the effector (motor or 
pseudomotor) neurons in the gray matter of the spinal cord or 
brainstem. The effector or preganglionic neurons are found in 
the lateral horn of the spinal cord or in specifi c brainstem nuclei; 
their myelinated preganglionic axons terminate on ganglionic 
neurons located outside the CNS. These peripheral neurons are 
found either in encapsulated ganglia in the fascia of the body 
wall or in ganglia embedded in the fascia surrounding a specifi c 
organ. Unmyelinated, postganglionic axons travel from peripheral 
ganglia to cellular targets in visceral organs. The presence of two 
sequential neurons in the output pathway is a critical feature dis-
tinguishing the autonomic from somatic PNSs. The sensory neu-
rons of these two systems are otherwise very similar in morphology 
and function.

Ganglionic neurons of the autonomic system are found pri-
marily in three locations (Fig. 10.4):

1. The paravertebral ganglia or sympathetic trunk lying along the 
side of the spinal cord.

2. The prevertebral ganglia or collateral ganglia scattered in sev-
eral clusters associated with the large vessels of the abdominal 
cavity.

3. In isolated ganglia or hypogastric ganglia embedded in the 
adventitial tissue of specifi c visceral organs of the pelvis.

These ganglia contain a variety of chemically differentiated neu-
rons producing numerous neuroregulators. The ratio between pre- 
and postganglionic neurons has been reported to range from 1:2 
to 1:196 for sympathetic ganglia and 1:1 to 1:6,000 for parasym-
pathetic ganglia (5). This arrangement of a few central neurons 
infl uencing effector organs through a large battery of chemically 
distinct, postganglionic neurons is divergent in nature. As such, it 
allows for a limited number of input channels to initiate numerous, 
complex motor and secretomotor responses.

Many of the peripheral ganglia, especially in the gastrointesti-
nal system, also contain sensory neurons that do not communicate 
with the CNS; instead, their axons terminate on ganglionic efferent 
cells (6). Local refl ex arcs are established that do not communicate 
with the CNS. In this respect, the visceral autonomic ganglia act as 
small brains; in fact, these ganglia can maintain some visceral organ 
functions even when all communication with the CNS is severed. 
In such cases, even though the organ responds to changing internal 
stimuli, it is not able to respond to changes in external stimuli. 
Autonomic ganglia are capable of managing their specifi c organ 
systems in isolation, but rely on input from the CNS for signals 
concerning the conditions in the external environment.

DIVISIONS OF THE AUTONOMIC 
NERVOUS SYSTEM

The peripheral autonomic nervous system can be separated into 
two major divisions based on structure, chemistry, and function: 
sympathetic and parasympathetic. In general, each organ receives 
innervation from both divisions, one acting to enhance or acceler-
ate the activity of the organ and the other division acting as an 
inhibitor or decelerator. The major exception to this rule is the 
innervation of the peripheral vasculature, hair follicles, and sweat 
glands of the trunk and extremities. These latter structures are ser-
viced solely by the sympathetic system. However, in this situation, 

The second component of the monosynaptic refl ex arc, the 
motor neuron, has a cell body in the ventral horn of the spinal 
cord or a brainstem nucleus. Motor neuron axons leave the CNS 
in the ventral root of a spinal nerve or in a cranial nerve, even-
tually innervating its effector organ, skeletal muscle, through 
a neuromuscular synaptic junction. These monosynaptic refl ex 
connections occur between the largest sensory neurons (the 
A-afferent system) and ventral horn motor neurons innervating 
skeletal muscle.

All other somatic refl exes involve the presence of interneurons 
situated between the central processes of the sensory neuron and 
the motoneurons; several synaptic connections must be traversed 
to complete the arc. Such circuits are called disynaptic or polysyn-
aptic refl ex arcs. The polysynaptic refl exes involve input from 
both A-afferent and B-afferent systems. Although the addition of 
interneurons into the circuit slows the conduction of information 
through these refl ex arcs, it greatly facilitates the construction of 
more complex circuits and, consequently, more complicated behav-
ior patterns in response to sensory information.

AUTONOMIC REFLEX ARC

Input and output for the peripheral autonomic nervous system occur 
via spinal, cranial, and splanchnic (visceral) nerves. Figure 10.3 

Figure 10-3 Components of visceral refl ex arc.
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general, the ganglionic neurons of the sympathetic nervous system 
are located in the paravertebral and prevertebral ganglia with the 
exception of scattered ganglia found in the hypogastric plexus of 
the pelvis. Those of the parasympathetic nervous system are found 
in ganglia located on either cranial nerves or organ walls. The 
preganglionic axons of the sympathetic system tend to be short, 
reaching only to the paravertebral and prevertebral ganglia, and 
the postganglionic axons, which reach to the visceral organs, are 
longer. The situation is reversed in the parasympathetic system 
where the preganglionic axons tend to be long (extending all the 
way to the ganglia in the organ wall) and the postganglionic axons 

cholinergic fi bers arising in the sympathetic ganglia are involved in 
at least hair follicle and sweat gland innervation, if not the periph-
eral vasculature (7). These fi bers have been termed the sympathetic 
cholinergic system. The distribution of the sympathetic nervous 
system is illustrated in Figure 10.4 and that of the parasympathetic 
nervous system in Figure 10.5.

A morphologic distinction between sympathetic and parasym-
pathetic systems is seen in the arrangement of their ganglia. In 

Figure 10-4 Sympathetic division of peripheral autonomic sys-
tem. CG, celiac ganglion; SMG, superior mesenteric ganglion; IMG, 
inferior mesenteric ganglion. (From Chusid JG. Correlative Neuro-
anatomy and Functional Neurology. Los Altos, CA: Lange Medical 
Publishers, 1985, with permission.)

Figure 10-5 Parasympathetic division of peripheral autonomic 
system. (From Chusid JG. Correlative Neuroanatomy and Func-
tional Neurology. Los Altos, CA: Lange Medical Publishers, 1985, 
with permission.)
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Sympathetic Autonomic Nervous System

The sympathetic autonomic nervous system has two major compo-
nents: vascular and visceral. The vascular component is associated 
with the spinal nerves and innervates:

Fascia
Smooth muscle of vasculature
Smooth muscle of hair follicles
Secretory cells in the sweat glands of the skin

The visceral component innervates:

Smooth muscle
Cardiac muscle
Nodal tissue
Glandular organs of the thoracic, abdominal, pelvic, and 

perineal viscera

Also, portions of the sympathetic visceral system provide an inner-
vation to the neurons of the parasympathetic ganglia in the walls 
of the visceral organs.

The ganglionic neurons of the sympathetic nervous system 
are located in two types of ganglia: paravertebral and prevertebral 
(Fig. 10.4). The paravertebral ganglia form two long chains called 
the sympathetic trunks, which are located on either side of the ver-
tebral column (Fig. 10.7). Each sympathetic trunk extends from 
the upper cervical vertebrae along the heads of the ribs in the tho-
rax, on the sides of the lumbar vertebral bodies in the abdomen, 
and along the ventromedial aspect of the sacroiliac joint in the 
pelvis. Inferiorly, the two trunks terminate by uniting to form the 
ganglion impar, a small neural structure on the ventral aspect of 
the coccygeal vertebrae. The three major prevertebral ganglia are 
found in clusters, embedded in the abdominal plexuses that sur-
round the anterior branches of the aorta. Additional small clusters 
of prevertebral ganglia are found scattered in the autonomic plexus 
of the pelvic basin.

The detailed organization of the sympathetic system is illus-
trated in Figure 10.4. The following features are critical:

1. All preganglionic cell bodies are located in the lateral horn of 
spinal cord segments primarily between T1 and L2; however, 
they can extend as high as C7 and as low as L3. Their axons 
leave the spinal cord through ventral roots T1-L2 and course 
along the corresponding spinal nerves to reach white commu-
nicating rami (Fig. 10.8). The white rami carry the myelinated, 
preganglionic fi bers from the spinal nerve directly into the para-
vertebral ganglia. They also carry sensory processes from the 
vasculature and viscera back to the spinal nerve.

2. The paravertebral ganglia are present on both sides of the spinal 
cord in the following distribution (8):

■ Three cervical segments (superior, middle, and stellate)
■ Ten to twelve thoracic segments
■ Four lumbar segments
■ At least four or fi ve sacral segments

Often, the upper thoracic and lower cervical ganglia are fused to 
form the stellate ganglion. Only the ganglia between T1 and L2 
receive white rami, because preganglionic fi bers arise from only 
these segments.

3. Neurons in paravertebral ganglia located either above T1 or 
below L2 receive their innervation from preganglionic fi bers 
arising in spinal segments T1-L2. These preganglionic axons 
enter the sympathetic trunk at their segmental level of origin 
and ascend or descend through the trunk to reach ganglia posi-
tioned above or below T1-L2.

tend to be short (confi ned to a distribution along the organ wall) 
(Fig. 10.6).

This distinction between the major divisions of the autonomic 
nervous system is further refl ected in their chemistry. The sym-
pathetic system arises from cholinergic preganglionic neurons 
located in the lateral horn of the thoracic and lumbar spinal cord; 
it is also called the thoracolumbar system. In general, the post-
ganglionic neurons of the sympathetic system are adrenergic and 
secrete norepinephrine. However, there are important exceptions. 
For example, some cholinergic ganglionic neurons contribute to the 
innervation of the hair follicles and sweat glands as well as possibly 
innervating the vasculature in skeletal muscle (7). The parasympa-
thetic system arises from cholinergic preganglionic neurons located 
in either cranial nerve nuclei of the brainstem or the lateral horn 
of the sacral spinal cord, and it is therefore called the craniosacral 
system. The postganglionic neurons of the parasympathetic system 
secrete acetylcholine and a wide variety of other neuron modula-
tors such as the neuropeptides. Given that these two divisions of 
the autonomic nervous system can be differentiated on the basis 
of their anatomy and chemistry, it is not surprising that they have 
differing infl uences on their target organs.

Figure 10-6 Major anatomical differences between sympathetic 
and parasympathetic divisions of autonomic system. (From Harati Y. 
Anatomy of the spinal and peripheral autonomic nervous system. In: 
Low PA, ed. Clinical Autonomic Disorders. Boston, MA: Little, Brown 
and Company, 1993, with permission.)
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The term splanchnic refers to the viscera; splanchnic nerves are 
simply visceral nerves. Thoracic, lumbar, and sacral splanchnic 
nerves carry sympathetic fi bers and pelvic splanchnic nerves 
carry parasympathetic fi bers.

The sympathetic ganglia receive information from the CNS 
through the axons of the preganglionic neurons. A preganglionic 
axon of the sympathetic system has a number of options after pass-
ing through a white ramus between T1 and L2 to enter a paraver-
tebral ganglion:

1. It can innervate a ganglionic neuron in the paravertebral gan-
glion at its spinal cord level of entry.

2. It can pass either up or down in the sympathetic trunk to inner-
vate ganglionic neurons located at levels not serviced by white 
rami.

3. It can proceed through the paravertebral ganglia without form-
ing synaptic contacts, join a thoracic, lumbar, or sacral splanch-
nic nerve, and subsequently innervate neurons in one of the 
retroperitoneal prevertebral ganglia.

These options are diagrammed in Figure 10.8, which illustrates a 
typical thoracic spinal segment and its accompanying spinal nerve 
and paravertebral ganglia. The signifi cance of these innervation 
patterns is further considered as the innervation of specifi c organs 
is examined.

Parasympathetic Autonomic Nervous System

The parasympathetic autonomic nervous system, unlike its sympa-
thetic counterpart, innervates only visceral organs and blood ves-
sels in the:

Head and neck
Thorax
Abdomen
Pelvis

The parasympathetic nervous system lacks a division innervating 
the peripheral vasculature of the extremities and trunk. It is divided 
into two portions: cranial and sacral. These are based on the location 
of its preganglionic neurons (Figs. 10.5 and 10.9). The cranial por-
tion consists of several brainstem nuclei and their preganglionic 
nerves. Cranial nerves III, VII, and IX give rise to parasympa thetic 
preganglionic fi bers that innervate ganglia located in the:

Orbit (ciliary ganglion)
Sphenopalatine fossa (sphenopalatine ganglion)
Inferior temporal fossa (otic ganglion)
Floor of the mouth (submandibular and sublingual ganglia)

Cranial nerve X, the vagus nerve, innervates ganglia in the organs 
of the cervical, thoracic, and superior portions of the abdominal 
viscera.

The vagus nerve is a signifi cant source of parasympathetic 
innervation to the thoracic and upper abdominal viscera. It enters 
the thoracic cavity along the upper portion of the mediastinal wall 
and passes posterior to the root of the lung to gain a position on the 
walls of the esophagus. Vagal branches are given off to the cardiac 
and pulmonary plexuses and to the esophageal plexus. Through the 
upper portion of the vagus, the nucleus ambiguous of the medulla 
contributes innervation to the pharynx, larynx, and skeletal muscle 
portion of the upper esophagus. Preganglionic vagal fi bers from 
the dorsal motor nucleus of the medulla terminate in ganglia on 
the walls of each organ beginning in the upper esophagus and 
extending to the splenic fl exure of the colon. From these ganglia, 

4. Ganglionic neurons destined to innervate blood vessels, smooth 
muscles, and glands of the skin are found in all the paravertebral 
ganglia. Their postganglionic axons gain access to spinal nerves 
by passing over gray rami (Fig. 10.8). All paravertebral ganglia 
give rise to gray rami; each spinal nerve receives at least one 
gray ramus. The postganglionic axons follow the spinal nerves 
distally before shifting to assume a position in the fascia along 
the wall of a blood vessel.

5. Ganglionic neurons with axons innervating thoracic, abdomi-
nal, and pelvic viscera are found in the three cervical ganglia, the 
upper fi ve thoracic paravertebral ganglia, and the prevertebral 
ganglia. These are the celiac and the superior and inferior mes-
enteric ganglia, as well as small scattered ganglia in the pelvic 
plexus. These prevertebral ganglia receive their preganglionic 
axons through thoracic, lumbar, and sacral splanchnic nerves. 

Figure 10-7 Paravertebral ganglia (sympathetic trunk) lying along 
median axis of body. (From Rohen JW, Yokochi C. Color Atlas of 
Anatomy. New York, NY: Igaku-Shoin Medical Publishers, 1983, with 
permission.)
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postganglionic fi bers arise and course in and around the smooth 
muscle layers and glands of the organ. The left and right trunks 
of the vagus rotate around the esophagus (due to the fetal rotation 
of the gut), forming the anterior and posterior trunks of the vagus, 
respectively. At the distal end of the esophagus, these two trunks 
slip through the esophageal hiatus of the diaphragm riding in the 
fatty adventitial fascia of the esophageal walls. Although the iden-
tity of the vagus nerve is lost as its axons join the celiac plexus, its 
preganglionic fi bers continue in the celiac and superior mesenteric 
plexus eventually reaching the full extent of these two correspond-
ing neurovascular territories. The vagal preganglionic axons reach 
only as far inferiorly as the splenic fl exure of the colon.

The lower portion of the gastrointestinal tract located distal 
to the splenic fl exure, as well as the pelvic viscera, receives their 
parasympathetic innervation from the pelvic splanchnic nerves. 
These latter nerves form the sacral component of the parasympa-
thetic nervous system. The preganglionic neurons are located in 
the lateral horn of spinal cord segments S2-S4. Their axons exit 
the spinal cord by traveling in the sacral nerve roots. As these roots 
pass through the endopelvic fascia, small pelvic splanchnic nerves 
branch off. These branches quickly join the inferior hypogastric 
plexus (pelvic plexus), which is also located in the endopelvic fascia. 
Through this plexus, the preganglionic axons can reach the visceral 
organs of the pelvic basin such as the urinary bladder, the inter-
nal reproductive organs, and the rectum. By ascending along the 
hypogastric plexus, these axons also enter the inferior mesenteric 
plexus of the abdomen. From the inferior mesenteric plexus, these 
preganglionic axons follow the vascular branches of the inferior 
mesenteric artery to service structures such as the descending and 
sigmoid colon. The preganglionic axons of the vagus and of the 
pelvic splanchnic nerves terminate in ganglia located in the walls of 
the abdominopelvic viscera. Short, postganglionic axons invade the 
organ to terminate in layers of smooth muscle and in surrounding 
glands. The pattern of parasympathetic innervation of the visceral 
organs continues in an uninterrupted manner through the abdomi-
nopelvic cavity even though the source of this innervation shifts 
from cranial origins to sacral origins at the splenic fl exure of the 
large bowel.

The autonomic nervous system provides input to the:

Vasculature and fascias throughout the body
Visceral organs of the head and neck
Visceral organs of the thoracoabdominopelvic cavity
Spleen
Thymus
Bone marrow
Lymph modes

The remainder of the chapter focuses on the innervation of the 
vasculature, fascia, and major organs.

Primary Afferent Fibers

The autonomic nervous system is not strictly an efferent system (9). 
All nerves containing autonomic efferent axons also carry primary 
afferent fi bers. The principal targets of these primary afferent fi bers 
are the:

Dorsal horn of the spinal cord from approximately T1-L2 
and S2-4

Solitary nucleus of the vagal complex in the medulla

Although the majority of primary afferent fi bers in autonomic 
nerves are of the small-caliber variety (B-afferent system), a few 
larger, myelinated fi bers are also present (A-afferent system). 
In general, the input over visceral afferent fi bers to the medullary 
brainstem involves the non-noxious regulation of organ function. 
Conversely, many of the primary afferent fi bers targeting the spinal 
cord have the characteristics of nociceptive fi bers. They produce 
neuropeptides such as substance-P and calcitonin gene–related 
polypeptide and respond to nociceptive stimuli. In addition, some 
are capable of eliciting a neurogenic infl ammatory response in the 
surrounding tissue (10,11). Nociceptive input from these fi bers 
to the spinal cord can facilitate spinal segments. This initiates 
vasomotor changes and alters the output to somatic musculature 
(viscerosomatic refl exes) and refers pain to the somatic structures 
(12,13). (The relationship of the visceral afferent fi bers to visceros-
omatic refl exes is reviewed elsewhere in this text.)

Figure 10-8 Neuronal circuitry present in typical 
peripheral thoracic spinal segment. (From Harati Y. 
Anatomy of the spinal and peripheral autonomic 
nervous system. In: Low PA, ed. Clinical Autonomic 
Disorders. Boston, MA: Little, Brown and Company, 
1993, with permission.)
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3. The vasomotor fi bers to the lower extremity come from spinal 
segments T10 through L2-L3. Their axons descend in the 
sympathetic trunk to reach the lower lumbar and sacral ganglia. 
Postganglionic axons join the spinal nerves of the lumbosacral 
plexus to reach the vasculature of the lower extremity.

Sympathetic fi bers course along the outer border of the tunica media 
of the artery and secrete their neuroregulators into the extracellular 
fl uids surrounding the vascular smooth muscle. Most sympathetic 
fi bers release norepinephrine from small swellings along the termi-
nal distribution of the axon. This neuromodulator interacts with its 
specifi c receptors on the vascular smooth muscle cell membranes. 
Both a- and b-adrenergic receptors are present on these plasma 
membranes (19). Activation of a-adrenoceptors leads to contrac-
tion of the smooth muscle cells and vasoconstriction, while acti-
vation of the b-adrenoceptors mediates relaxation of the muscle 
cell, resulting in vasodilatation. In general, the a-adrenoceptors 
predominate on the smooth muscle of resistance vessels; therefore, 
adrenergic stimulation yields vasoconstriction in skeletal muscle.

Additional control of skeletal muscle resistance arteries is 
accomplished through numerous endothelium-derived substances 
such as the vasodilator nitric oxide or the vasoconstrictors prostacy-
clin, endothelin, and angiotensin (20). The tone in the vessel wall is 
the product of a complex interaction of these vasoactive substances 
(21). Neurally mediated, active vasodilation of cutaneous capillary 
bed is well established in the literature (16). Sympathetic cholin-
ergic fi bers do not appear to innervate the cutaneous vascular tree; 
instead, a nonadrenergic, noncholinergic vasodilatory mechanism 
exists for these vessels (22). Neurally mediated, active vasodilation 
of skeletal muscle vascular beds appears to be doubtful and has 
recently been questioned (16).

Along with the efferent innervation of the vascular tree, affer-
ent or sensory fi bers also course in the walls of the blood vessels. 
Little is known of the sensory feedback to the spinal cord provided 
by these fi bers. The nomenclature of these afferent fi bers is con-
fusing because it is not clear whether they are somatic or visceral 
afferent fi bers. Jinkins et al. (23) have termed the vascular afferent 
fi bers found in somatic tissue somatosympathetic fi bers because 
they course through somatic tissue but are related to the autonomic 
nervous system. However, because these afferent fi bers are gener-
ally small caliber and contain an array of neuropeptides such as sub-
stance-P, much of the information they carry is most likely related 
to nociceptive stimuli. The normal, baseline release of neuropep-
tides such as substance-P from these fi bers may play an important 
role in maintaining vascular tone (24). Thus, the small-caliber, pri-
mary afferent fi bers appear to have additional homeostatic func-
tions in the peripheral tissue beyond that of nociception.

When irritated, some of these small-caliber, sensory axons can 
secrete quantities of substance-P (a proinfl ammatory, vasodila-
tory neuropeptide) into the surrounding tissue. This release of an 
infl ammatory agent from a peripheral nerve terminal is involved in 
initiating the processes of neurogenic infl ammation and edema (25). 
Neurogenic infl ammation is a critical component in infl amma-
tory joint disease, which suggests an important role for the small-
caliber, primary afferent fi bers in these diseases (26).

An interaction between sensory axons and sympathetic neurons 
appears to occur in the peripheral tissues. Sympathetic adrenergic 
terminals often end in close association with the peripheral pro-
cesses of sensory neurons. Secretion of norepinephrine can increase 
the levels of prostaglandins E2 and I2 in the tissue (27). Prostaglan-
dins are irritating to many small-caliber, primary afferent fi bers. 
Suffi cient sympathetic discharge therefore can result in a nocicep-
tive input to the spinal cord. In addition, evidence strongly suggests 

REGIONAL DISTRIBUTION OF 
THE AUTONOMIC NERVOUS SYSTEM

Trunk and Limbs

Peripheral Vasculature
The vascular tree is divided into four different types of vessels based 
on their distinctive functions (14):

1. Conduit vessels comprise the arterial system prior to arterioles.
2. Resistance vessels represent arterioles.
3. Exchange vessels are capillaries.
4. Capacitance vessels consist of veins.

Most aspects of the vascular tree receive an innervation that con-
trols the resistance of these vessels to blood fl ow (7,14,15). Differ-
ent types of axons in these vascular nerves can be identifi ed by their 
neurochemistry. Sensory fi bers, coursing in the vascular nerves, 
typically contain neuropeptides such as substance-P and calcitonin 
gene–related polypeptide. Efferent axons in the peripheral auto-
nomic nerves can be (14):

Adrenergic
Cholinergic
Histaminergic
Purinergic

In general, the adrenergic fi bers function as constrictors, contracting 
smooth muscle in the tunica media and increasing the resistance in 
the peripheral vasculature. These norepinephrine-containing fi bers 
arise from the paravertebral ganglia of the sympathetic nervous 
system and innervate all vasculature of the body. Cholinergic fi bers 
are much fewer in number in most tissue and are vasodilating in 
nature. These nerves are of mixed origin, and most often arise from 
the parasympathetic ganglia innervating the vasculature in the 
head and neck and the visceral organs of the thorax, abdomen, and 
pelvis. Cholinergic vasodilator fi bers, innervating blood vessels in 
the extremities, arise in the sympathetic trunk of some mammals; 
however, the importance of this system is in humans is not known (16). 
Purinergic and histaminergic axons also mediate relaxation of vas-
cular wall smooth muscle, but their origin and role in vasodilation 
are not clear (14).

The sympathetic innervation of blood vessels in muscle and 
skin is accomplished by preganglionic neurons located in the lateral 
horn of spinal segments T2 through L2-L3. Their axons leave the 
spinal cord in the ventral roots and pass through white rami to 
innervate neurons located in the paravertebral ganglia (Fig. 10.8). 
Vasomotor neurons present in the paravertebral ganglia give rise 
to axons that leave the ganglia over the gray rami to rejoin the 
spinal nerves. In this way, they reach the somatic peripheral tissue 
where they innervate blood vessels, sweat glands, and hair follicles. 
A topographic map of the vasculature in the body is contained 
within paravertebral ganglia such that (17,18):

1. The vasomotor fi bers to the head and neck come from spinal 
segments T1-T4. Their axons travel superiorly in the sympa-
thetic trunk to reach the cervical ganglia. Postganglionic axons 
follow the carotid vascular tree to reach the head and neck. Seg-
ments T1-T2 provide innervation for the brain and meninges; 
T2-T4 provides innervation to the vasculature of the face and 
neck.

2. The vasomotor fi bers to the upper extremity come from spinal 
segments T5-T7. Their axons course superiorly in the sympa-
thetic trunk to reach the upper thoracic and lower cervical gan-
glia. Postganglionic axons join the spinal nerves of the brachial 
plexus to reach the vasculature of the upper extremity.
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the chorda tympani, a branch of the facial nerve, to reach the 
submandibular and sublingual ganglia. Postganglionic axons from 
these ganglia supply the salivatory glands on the fl oor of the mouth. 
The glossopharyngeal nerve carries secretomotor and vasomotor 
axons from the inferior salivatory nucleus located at the pontomed-
ullary border to the otic ganglion. These latter axons pass over the 
lesser petrosal nerve. Postganglionic axons from the otic ganglion 
extend to the parotid gland over branches of the third division of 
the trigeminal nerve.

Cranial nerve X, the vagus, is the largest of the parasympa-
thetic nerves. It supplies preganglionic parasympathetic innerva-
tion of the viscera in the thorax and abdomen to the level of the 
splenic fl exure in the transverse colon. Efferent vagal axons arise in 
the dorsal motor nucleus and nucleus ambiguous of the medulla. 
The vagus is largely a sensory nerve; afferent fi bers outnumber 
efferent fi bers in the mammalian vagus by more than 10:1 (41). 
These sensory fi bers include the afferent innervation of the thora-
coabdominal viscera and the general sensory innervation of the:

Pharynx
Larynx
Skin of the ear
External auditory meatus
External surface of the tympanic membrane

that small-caliber, primary afferent fi bers can become sensitized to 
sympathetic nervous system activity (27). This interaction between 
sympathetic efferent axons and primary afferent neurons is a pos-
sible mechanism for sympathetically dependent hyperalgesia such 
as that present in refl ex sympathetic dystrophy (28).

Sweat Glands and Connective Tissue
Along with innervating the vasculature, the peripheral autonomic 
fi bers also provide an innervation to sweat glands and fascia. Sweat 
glands receive an exclusively cholinergic innervation from the sym-
pathetic trunk ganglia; these fi bers are termed the sympathetic 
cholinergic system (15). The cholinergic fi bers stimulate secretory 
activity in the gland.

Small-caliber, neuropeptide-containing, primary afferent fi bers 
innervate all forms of connective tissue. These fi bers often course 
in close association with adrenergic sympathetic axons and blood 
vessels. A close relationship between these fi bers and the connec-
tive tissue components of the fascia is seen in such tissue as the:

Cranial dura (29,30)
Gastrointestinal tract (31)
Synovium of diarthrodial joints (32)

In several locations, such as joints, these fi bers have been demon-
strated to play a role in modulating the cellular components (mast 
cells) of the connective tissue and to contribute to the maintenance 
of tissue integrity (32,33). Finally, the interaction of these two fi ber 
types appears to play an important role in the maintenance of nor-
mal vascular tone in connective tissue (24).

Head and Neck

The autonomic innervation of the head and neck arises from two 
general sources: sympathetic and parasympathetic. The sympa-
thetic innervation originates in the intermediolateral nucleus of 
the upper thoracic segments (T1-T4) of the spinal cord, and their 
ganglionic neurons are located in the cervical sympathetic ganglia 
of the neck. Postganglionic fi bers from the superior cervical gan-
glion enter the head following the course of the carotid and verte-
bral arteries and the jugular vein. The parasympathetic innervation 
originates from several nuclei in the brainstem, and the ganglionic 
neurons are located in these ganglia (Fig. 10.9):

Ciliary sphenopalatine
Otic
Geniculate

Recently, additional parasympathetic ganglia located on the walls 
of the internal carotid artery have been described (34–36). The 
autonomic innervation of the cranial viscera, the function of these 
nerves, and the neurology of their dysfunction are amply described 
elsewhere (17,37–40).

The third cranial nerve contains parasympathetic axons that 
arise in the Edinger-Westphal nucleus of the midbrain and inner-
vate the ciliary ganglion of the eye (Fig. 10.9). These axons are 
responsible for constricting the pupil through the pupillary sphinc-
ter muscles and contracting the ciliary body to thicken the lens in 
the accommodation refl ex. The facial (VII) cranial nerve carries 
parasympathetic preganglionic axons from the superior salivatory 
and lacrimal nuclei in the pontine region of the brainstem. These 
secretomotor and vasomotor axons course along the superfi cial pet-
rosal nerve to reach the sphenopalatine ganglion. Postganglionic 
axons follow branches of the trigeminal nerve to reach the lacrimal 
gland and mucosal glands of the nasal and oral cavities. Pregan-
glionic axons from the superior salivatory nucleus also follow 

Figure 10-9 Summary of parasympathetic nervous system empha-
sizing distribution of cranial nerves III, VII, IX, and X. (From Barron 
KD, Chokroverty S. Anatomy of the autonomic nervous system: 
brain and brainstem. In: Low PA, ed. Clinical Autonomic Disorders. 
Boston, MA: Little, Brown and Company, 1993, with permission.)
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The cell bodies for these afferent fi bers are located in the two 
nuclei of the vagus: the superior (jugular) ganglion and the inferior 
ganglion. Their central brainstem targets include the nucleus soli-
tarius, nucleus ambiguous, and spinal trigeminal nucleus.

An area of much recent interest is the autonomic innerva-
tion of the vascular and dural systems in the head. Preganglionic 
sympathetic input to the cranial vasculature and dura arises in the 
upper thoracic spinal segments. Those controlling the vasculature 
of the brain and meninges are located in segments T1-2, and those 
involved with the vasculature of the face and neck are located in 
T2-T4 (17). Ganglionic neurons are located in the superior cervical 
sympathetic ganglion and in small ganglia embedded in the fi bers 
of the internal carotid nerve (18). Their axons course along the 
carotid arteries; those going to the cerebral vessels and dura form 
the well-developed internal carotid nerve. Within the dura, the 
adrenergic fi bers diverge away from the vasculature to form a dense 
plexus within the connective tissue substrate of the dura itself (30). 
The extensive autonomic innervation may play a role in regulating 
the metabolic activity of the dural tissue. The sympathetic innerva-
tion of the dura and associated vasculature is of interest due to its 
proposed role in the cause of migraine headache (42).

Parasympathetic axons innervating the cerebral vasculature 
arise in these ganglia: sphenopalatine, otic, and internal carotid 
(36,43–45). Axons from the ganglia contain acetylcholine and 
neuropeptides such as vasoactive intestinal polypeptide and neuro-
peptide-Y, among others (35,46). The axons form a delicate plexus 
wrapped around cerebral arteries as they travel through the suba-
rachnoid space. Primary afferent fi bers containing neuropeptides 
such as substance-P and calcitonin gene–related polypeptide are 
also present in the plexus surrounding the cerebral vessels. These 
fi bers arise in the ophthalmic and maxillary divisions of the trigem-
inal ganglion (47) and constitute the “trigeminovascular system” 
(48). Similar primary afferent fi bers containing substance-P and 
calcitonin gene–related polypeptide have been described in the 
dura mater (30). Some of these fi bers form free endings and are 
postulated to have trophic relationships with the connective tissue 
cells in the dura such as the fi broblast and mast cells. Release of 
these proinfl ammatory peptides has been indicated in the patho-
genesis of certain infl ammatory headaches such as the migraine 
and cluster varieties (49,50).

Thorax

A large autonomic plexus of fi bers extends from the superior medi-
astinum inferiorly through the posterior mediastinum and contin-
ues into the abdominopelvic cavity, using the esophageal hiatus 
of the diaphragm as a conduit (Fig. 10.10). In total, this complex 
arrangement of fi bers is best termed the thoracic plexus, although 
it has several regionally named components. The thoracic plexus is 
derived from the vagus nerve and its branches and from splanch-
nic branches from the paravertebral ganglia. The thoracic plexus 
is located near the midline and divided approximately into two 
parts: superior and inferior. Superiorly, this complex arrangement 
of fi bers contains the interwoven cardiac and pulmonary plexuses 
that are distributed around the great vessels of the heart and the 
large airways. Inferiorly, it contains the esophageal plexus wrapped 
around the esophagus as it courses through the posterior mediasti-
num. Figure 10.11 is a schematic diagram illustrating the thoracic 
plexus. Branches from this autonomic plexus in the thorax supply 
the following with afferent and efferent nerves:

Heart
Trachea

Figure 10-10 Great autonomic plexus extending from the lower 
cervical region through the thorax and abdomen to reach the pelvis. 
(From Bannister LH, Berry MM, Collins P, et al., eds. Gray’s Anatomy. 
New York, NY: Churchill Livingstone, 1995, with permission.)

Figure 10-11 A schematic diagram illustrating the thoracic plexus 
and its associated systems. The thoracic, cardiac, pulmonary, and 
esophageal nerves are a source of sympathetic postganglionic 
fi bers into the plexus. The vagus nerve is a source of parasympa-
thetic preganglionic fi bers to the plexus. Organ ganglia for the 
parasympathetic system will be found within the parts of the tho-
racic plexus.
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extends upward into the cervical region. Scattered communicating 
branches unite the vagus and recurrent laryngeal nerves with the 
sympathetic trunk. Therefore, even at the most superior aspect 
of the plexus, there are no pure sympathetic or parasympathetic 
nerves. Also, all fi bers in the plexus contain a mixture of afferent 
and efferent axons, so the plexus cannot be considered a purely 
efferent structure either.

Cardiovascular Plexus
The cardiac plexus represents a region of the thoracic plexus closely 
related to the innervation of the heart. The cardiac plexus con-
sists of a mixture of sympathetic and parasympathetic fi bers (as 
well as afferent fi bers) woven around the great vessels of the heart 
(Fig. 10.12). Sympathetic input to the cardiac plexus arises from 
preganglionic neurons located in the nucleus intermediolateralis of 
the lateral horn of the spinal cord extending from segments T1 to 
T5. This column of spinal cord neurons contains a topographic 
map of the heart. The ventricular innervation is represented in the 
higher thoracic segments, but the atrial representation is found in 
the lower segments (52). This inverted cardiac map results from 
the embryologic origin of the heart; the ventricular system forms 
superior to the atrial system (53). The preganglionic axons of the 
spinal cord neurons enter the sympathetic trunk by passing over 
white rami in the upper thoracic segments. Once in the trunk, most 
of these fi bers ascend to reach their ganglionic neurons located pri-
marily in the two to three cervical ganglia. Variable numbers of 
cervical and thoracic sympathetic cardiac nerves leave the cervical 
and upper thoracic ganglia, course through the fascia of the medi-
astinum, and join the cardiac branches of the vagus to form the 
cardiac plexus. This plexus is primarily located on the walls of the 
pulmonary arterial tree (54).

The parasympathetic input to the cardiac plexus arises from 
preganglionic neurons in the dorsal motor nucleus of the vagus and 
the nucleus ambiguous of the medulla (55,56). These pregangli-
onic axons leave the vagus nerve over its variable (one to three) 
cardiac branches beginning in the neck and extending into the 
superior mediastinum. The axons target a parasympathetic gan-
glion embedded in the cardiac plexuses, termed Wristberg gan-
glion. Short cholinergic axons from these ganglia reach the 
sinoatrial (SA) and atrioventricular (AV) nodes and course in the 
myocardium of the ventricles. The parasympathetic innervation of 
the ventricular wall is much less dense than that of the sympathetic 
fi bers (57).

From the cardiac plexus, sympathetic adrenergic and para-
sympathetic cholinergic, postganglionic axons form a rich net-
work of fi bers distributed along the coronary vasculature, coursing 
throughout the myocardium of the atria and ventricles, and reach-
ing the SA and AV nodes (57). The innervation of the intrinsic 
nodal system of the heart is bilaterally asymmetric; the right side of 
the plexus favors the SA node but the left side of the plexus tends 
to target the AV node. Thus, stimulation of the sympathetic fi bers 
on the left side accelerates cardiac output but is arrhythmogenic 
because it is directed to the AV node (58). A similar reaction is 
obtained by cooling the right sympathetic fi bers, indicating that 
cardiac activity is infl uenced by the balance of activity between 
the two sympathetic inputs (58). Stimulation of the parasym-
pathetic vagal fi bers tends to stabilize heart rate. It appears that 
the balance of tonic neural activity occurring in the vagus and 
sympathetic systems infl uences, in part, heart rate and volume 
output.

Cardiac afferent nerves are an important consideration in 
understanding refl ex control of the heart, patterns of referred cardiac 

Bronchi
Lungs
Esophagus
Thoracic duct

Sympathetic innervation of the thoracic viscera arises in spinal 
cord segments T1 through T5 or T6. Axons from these pregan-
glionic neurons synapse with ganglionic neurons in the superior, 
middle, and inferior cervical ganglia as well as in the sympathetic 
trunk ganglia T1 to T5-T6. Sympathetic postganglionic axons from 
these paravertebral ganglia join the thoracic plexus via a series of 
small, delicate cardiac, pulmonary, and esophageal nerves. Within 
the thoracic plexus, sympathetic cardiac and pulmonary nerves 
descend through the superior mediastinum joining with similarly 
named parasympathetic branches from the vagus and recurrent 
laryngeal nerves. They form the complex cardiopulmonary plexus 
of fi bers surrounding the great vessels of the heart (Fig. 10.12) and 
the vasculature and airway structures of the lungs (Fig. 10.13). The 
individual superior, middle, and inferior cardiac nerves of the sympa-
thetic trunk and vagus are extremely inconsistent in actual form (51). 
The esophageal sympathetic nerves arise from the thoracic para-
vertebral ganglia and course diagonally downward across the tho-
racic vertebral bodies to reach the adventitial fascia surrounding 
the esophagus in the posterior mediastinum. Here, they join with 
the main trunks of the vagus nerve (parasympathetic) to form the 
esophageal plexus.

The mixing of parasympathetic and sympathetic axons begins 
in the most superior aspect of the thoracic autonomic plexus as it 

Figure 10-12 Nerve supply of heart. (From Bonica JJ. General con-
siderations of pain in the chest. In: Bonica JJ, ed. The Management 
of Pain. Philadelphia, PA: Lea & Febiger, 1990, with permission.)
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Arterial walls
Atrial walls
Atrioventricular valve
Ventricular walls

The afferent fi bers from the sympathetic nerves reach the (60):

Atrial walls
Pulmonary arteries
Atrioventricular and aortic valves
Parietal peritoneum

Afferent fi bers from both systems reach the coronary arteries. 
Those from the vagus extend to a more distal level of the vascula-
ture closer to the apex of the heart than do afferent fi bers associated 
with the sympathetic nervous system. Both Ad- and C-afferent 
fi bers are present in the heart (64). Many of these fi bers contain 
neuropeptides such as substance-P or calcitonin gene–related poly-
peptide that are typical of small-caliber, primary afferent fi bers. At 
least one population of these cardiac C-fi bers has the physiologic 
properties of nociceptive axons.

In general, the afferent fi bers coursing with the sympathetic 
nerves are involved with cardiac nociception, and those following 
the parasympathetic nerves are mainly involved in refl exogenic reg-
ulation of heart functions through their brainstem connection (62). 
Section of the sympathetic nerves to the heart can relieve cardiac 
pain in the chest, arms, and neck (65). These cardiac afferent fi bers 

pain, and patterns of cardiac-facilitated segments. Small-caliber, 
primary afferent fi bers are distributed throughout the (59–61):

Myocardium
Coronary vasculature
Roots of its great vessel
Parietal pericardium

There are at least two different pathways for these cardiac sensory 
fi bers. Those coursing with the sympathetic nerves have their cell 
bodies located in dorsal root ganglia extending from C6 to T7, 
and their central processes terminate in the dorsal horn of the spi-
nal cord (62,63). Sensory axons coursing with the parasympathetic 
nerves have cell bodies located in the nodose ganglion of the vagus 
nerve and central processes that terminate in the solitary nucleus 
of the medulla. In addition to the autonomic nerves supplying an 
afferent innervation of the pericardium, afferent fi bers reach this 
structure over the phrenic nerve as well. These phrenic afferent 
fi bers enter the spinal cord over segments C3-C5.

Along with the dual origin of sensory nerves, there is a dif-
ferential distribution of these two sensory pathways in the cardio-
vascular system. The afferent fi bers of the vagus nerve terminate 
in the (61):

Ascending aorta
Aortic arch
Pulmonary trunk

Figure 10-13 Innervation of lung. (From Bonica JJ. General considerations of pain in the chest. In: Bonica JJ, 
ed. The Management of Pain. Philadelphia, PA: Lea & Febiger, 1990:981, with permission.)

Chila_Chap10.indd   145Chila_Chap10.indd   145 8/5/2010   1:40:18 PM8/5/2010   1:40:18 PM



146 I • FOUNDATIONS

Many of these fi bers, and particularly the smallest of them, contain 
neuropeptides such as substance-P and calcitonin gene–related 
polypeptide, among others. Irritation of these sensory fi bers results 
in the release of proinfl ammatory substances, leading to neurogenic 
edema and infl ammation in the lung. Substance-P, released from 
these sensory axons into the pulmonary parenchyma, is a potent 
bronchoconstrictor, vasodilator, and secretagogue (72).

Activation of these primary afferent nociceptors can also 
facilitate segments in the spinal cord extending from the cervi-
cal region into the low thoracic cord (67). The extended range of 
activation most likely relates to the wide distribution of the cen-
tral processes of these primary afferent fi bers. Changes in spinal 
cord activity are seen in response to pulmonary afferent stimula-
tion. Electrical stimulation of infl amed tracheobronchial mucosa 
produces a decrease in electrical skin resistance in the T2-5 der-
matomes followed by cutaneous hyperalgesia hours later (65). 
Unlike the heart, pain from the lungs and bronchial tree is car-
ried in the vagal fi bers as well as in the spinal afferent fi bers. Lung 
tumors can refer pain to the skin around the ear (73), which is 
a region of the head innervated by small cutaneous branches of 
the vagus nerve. Electrical stimulation of the laryngeal and tra-
cheal mucosa refers pain to the neck, and similar irritation of the 
bronchial tree refers pain to the anterior chest wall. Section of 
the vagus nerve below the recurrent laryngeal branch ameliorates 
the pain (74), suggesting that the nerve is the conduit for this 
referred pain.

The costal parietal pleura receive an afferent innervation 
derived from the intercostal nerves of the thorax. The mediastinal 
pleura are innervated by sensory fi bers from the phrenic nerve, and 
diaphragmatic pleura is innervated by twigs from the intercostal 
nerves (65). The parietal plural membrane is sensitive to noxious 
stimuli. The visceral pleura in the lungs receive sympathetic and 
sensory fi bers from the autonomic plexuses surrounding the bron-
chi, but is insensitive to pain (65).

Esophageal Plexus
The esophagus extends from an upper sphincter region located 
at the inferior border of the pharynx to a lower sphincter region 
located at the border of the stomach. Along its route, the body of 
the esophagus is lodged in the loose connective tissues of the supe-
rior and posterior mediastinum.

The upper esophageal sphincter is mainly derived from the 
cricopharyngeus and thyropharyngeus muscles (together they 
compose the inferior pharyngeal constrictor), which receive their 
innervation from the pharyngeal plexus composed of the supe-
rior laryngeal and pharyngeal branches of the vagus nerve (75). 
The body of the esophagus is surrounded by a plexus of auto-
nomic nerves derived from the inferior laryngeal branch of the 
vagus and esophageal branches of the sympathetic trunk (76). 
The superior portion of the esophagus is a mixture of skeletal and 
smooth muscle, although the lower portion is composed of smooth 
muscle only. The preganglionic parasympathetic innervation to 
the superior portion of the esophagus (skeletal muscle portion) is 
derived from the nucleus ambiguous. The smooth muscle of the 
esophagus is derived primarily from the dorsal motor nucleus of 
the vagus nerve (77). The left and right vagal trunks approach the 
esophagus at the root of the lung and form an elaborate plexus, 
which follows this structure through the esophageal hiatus in 
the diaphragm. The postganglionic parasympathetic neurons are 
contained in two intrinsic ganglia in the walls of the esophagus: 
Auerbach’s, or the myenteric plexus; and Meissner’s, or the sub-
mucosal plexus. Sympathetic preganglionic neurons are located in 

enter the spinal cord over a range of segments from C6 to T7, but 
the infl uence of these nerves can extend at least two segments 
below T7 (66). The signs of segmental facilitation due to cardiac 
disease can present in the vicinity of the cervicothoracic junction 
and extend downward through at least T9 (67). Importantly, the 
nociceptive afferent fi bers reaching the dorsal horn of the spinal 
cord infl uence neurons with concomitant somatic receptive fi elds. 
This viscerosomatic convergence of nociceptive information pro-
vides an explanation for the referral of pain from cardiac structures 
to the body wall and extremity (68).

Respiratory Plexus
The airways of the respiratory system receive their innervation 
through the large pulmonary plexus that surrounds the pulmo-
nary artery and extends onto the posterior surface of the trachea 
and bronchi (Fig. 10.13). Sympathetic preganglionic neurons that 
contribute to this plexus are located in the lateral horn of spinal 
segments T2-T7, and their ganglionic neurons are located in the 
cervical and fi rst four thoracic ganglia. Postganglionic axons from 
these ganglia course through cardiac and esophageal nerves from 
the sympathetic trunk to reach the pulmonary plexus. These adren-
ergic axons primarily target the glandular tissue surrounding the 
bronchi and bronchioles; little direct adrenergic innervation of 
the bronchial musculature has been noted. b-adrenergic recep-
tors are present on the glandular cells and on bronchial smooth 
muscle cells. Stimulation of the b-adrenergic, sympathetic nervous 
system leads to bronchial dilation and the release of a more viscous 
secretion (69).

The vagus nerve is the source of parasympathetic innervation 
for the respiratory airways. After entering the thorax, the vagus 
shifts posteriorly in the mediastinum to pass behind the root of 
the lung. Anterior and posterior pulmonary branches are given off 
that contribute to the pulmonary plexus. Parasympathetic ganglia 
located in the walls of the airways receive preganglionic fi bers from 
these vagal branches. Postganglionic parasympathetic fi bers course 
in the arteriobronchial tree to terminate around bronchial smooth 
musculature, mucosal glands, and blood vessels. Stimulation of 
these cholinergic fi bers causes (69):

Bronchoconstriction
Hypersecretion of a serous secretion
Vasodilation

The pulmonary plexus and ganglia contain intrinsic neurons, i.e., 
cells whose processes remain in the peripheral tissue and do not 
innervate the CNS. Such cells are called interneurons. Some of 
these cells produce a variety of neuropeptides, among which is 
vasoactive intestinal polypeptide, a potent bronchodilator (70). 
In addition, several neuropeptides corelease with norepinephrine 
from sympathetic terminals and with acetylcholine from parasym-
pathetic terminals. These ubiquitous neuropeptides have recently 
gained considerable interest due to their role in controlling the 
diameter of the bronchial lumen and the initiation of bronchial 
wall infl ammation (71).

Small-caliber, primary afferent fi bers are also present in the 
pulmonary plexus. These fi bers provide sensory information to the 
brainstem via the vagus and to the spinal cord via the sympathetic 
trunk. This information is involved in refl ex arcs related to:

Sneezing
Coughing
Bronchospasms
Pulmonary congestion
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the intermediolateral nucleus of spinal cord segments ranging from 
T2 to T8 (78):

Cervical esophageal portion T2-T4
Thoracic esophageal portion T3-T6
Abdominal portion T5-T8

The preganglionic axons synapse in the cervical and upper thoracic 
sympathetic ganglia. Small esophageal branches, derived from the 
cervical to fourth and fi fth thoracic ganglia and carrying postgan-
glionic sympathetic fi bers, join the vagal plexus along the walls of 
the esophagus (78).

At rest, the cricopharyngeus and thyropharyngeus muscles 
maintain a tonic contraction driven by the vagal fi bers from the 
nucleus ambiguous (75). During swallowing, the tonic vagal drive 
is inhibited and the upper esophageal sphincter relaxes. Peristalsis 
in the upper portion (skeletal muscle portion) of the esophagus is 
driven by the nucleus ambiguous of the vagus nerve (75), although 
that in the body and lower portion of the esophagus is driven by the 
dorsal motor nucleus of the vagus. The relaxation of the lower esoph-
ageal sphincter is accomplished by the nitrergic neurons in Aurbach’s 
plexus driven by the dorsal motor nucleus of the vagus nerve (79).

Afferent fi bers from the esophageal walls follow the vagus nerve 
back to the solitary nucleus of the medulla. They also follow the sym-
pathetic fi bers back to the dorsal horn of the upper segment of the 
spinal cord (80). Vagal afferent fi bers ending in the solitary nucleus 
of the medulla contribute to a viscerovisceral refl ex arc by synapsing 
on premotor neurons of the nucleus ambiguous and preganglionic 
neurons of the dorsal motor nucleus of the vagus nerve (75). The 
premotor neurons subsequently innervate the motor neurons of the 
nucleus ambiguous. The premotor neurons form the central pat-
tern generator for organized movements of the esophagus such as 
swallowing (79). The spinal afferent fi bers from the esophagus con-
tribute to the referral of pain. These afferent fi bers innervate spinal 
segments that also receive afferent information from the:

Heart
Pulmonary tree
Chest
Upper back and torso

Esophageal pain can refer substernally (heartburn) or posteriorly 
through the back into the area of the scapula (81). Referred pain 
from the esophagus has numerous patterns, the more common of 
which are gripping, pressing, boring, or stabbing (82).

Aortic Plexus
The thoracic aorta has an intimate relationship with both divisions 
of the autonomic nervous system. Sympathetic input and sensory 
fi bers reach the superior thoracic aorta through cardiac and pul-
monary nerves as well as by following direct branches from the 
sympathetic trunk. The inferior thoracic aorta receives branches 
of the thoracic splanchnic nerves. The preganglionic sympathetic 
axons arise in the upper fi ve thoracic spinal segments and the 
postganglionic fi bers arise from the upper fi ve thoracic paraver-
tebral ganglia. Once on the wall of the aorta, these fi bers form an 
adrenergic plexus in the adventitial tissue. Afferent fi bers from this 
large, elastic artery follow the sympathetic nerves back to the upper 
fi ve thoracic spinal segments (65). This observation accounts for 
the referral of pain from the thoracic aorta to the thoracic spinal 
segments, resulting in their subsequent facilitation. Vagal cardiac 
nerves traverse the walls of the aorta as they descend toward their 
targets. Small twigs from these branches provide afferent as well as 
parasympathetic efferent innervation (Fig. 10.14).

Figure 10-14 Innervation of thoracic and abdominal aorta. (From 
Bonica JJ. General considerations of pain in the chest. In: Bonica 
JJ, ed. The Management of Pain. Philadelphia, PA: Lea & Febiger, 
1990:979, with permission.)
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astride the aorta and extending from the abdominal diaphragm to 
the pelvic diaphragm.

At the level of the abdominal diaphragm, the plexus has two 
major components: parasympathetic and sympathetic. The two 
vagal trunks and their associated branches, representing the para-
sympathetic component, enter the abdomen riding on the walls of 
the esophagus. The sympathetic component (or thoracic splanch-
nic nerves) passes directly through the crura of the diaphragm or 
under the medial arcuate ligament to enter the abdomen. Once 
in the abdominal cavity, the vagal trunks and thoracic splanchnic 
nerves unite around the aortic prevertebral ganglia. The resultant 
abdominopelvic plexus of fi bers follows the abdominal aorta to the 
pelvic brim and bifurcates slightly above the sacral promontory, 
and the resulting two divisions of the plexus descend into the pelvic 
basin (Fig. 10.15). Throughout the abdomen, the plexus contains 
both sympathetic and parasympathetic axons and also has numer-
ous afferent fi bers. Toward the inferior end of the abdominopelvic 
plexus, additional sympathetic contributions arise in the lumbar 
and sacral splanchnic nerves, although additional parasympathetic 

Thoracic Duct Innervation
The thoracic duct, located in the posterior mediastinum near the 
esophagus, receives an innervation similar to the vascular inner-
vation elsewhere in the trunk. Its muscular walls receive cholin-
ergic innervation from the vagus nerve and sympathetic adrenergic 
innervation from branches of the intercostal nerves in a segmental 
pattern. The eleventh thoracic ganglion and the left splanchnic 
nerve innervate the cisterna chyli, which is the origin of the tho-
racic duct (83). Norepinephrine and epinephrine act to increase the 
fl ow of lymph through the thoracic duct (84). The effect of these 
adrenergic compounds on lymph vessels appears to be mediated 
through a-receptors on the smooth muscle cells of the lymph ves-
sel wall (85).

Abdominopelvic Region

The thoracic plexus passes through the diaphragm to continue infe-
riorly in the abdominopelvic cavity as the abdominopelvic plexus. 
This plexus is a massive network of fi bers lying along the midline 

Fibers from anterior vagal trunk

Stomach (cut edge)

Fibers from posterior vagal trunk

Sympathetic fibers to stomach

Celiac ganglion and trunk

Superior mesenteric ganglion and artery

Aorticorenal ganglion

Intermesenteric plexus

Lumbar splanchnic nerves

Superior hypogastric plexus

Abdominal aorta

Internal iliac artery

Pelvic splanchnic nerves
(S2, S3, S4)

Sciatic nerve

Pudendal nerve

External iliac artery

Pelvic splanchnic nerve (S4)

Inferior hypogastric plexus

Nerves to descending and
sigmoid colon

Hypogastric nerve

Inferior mesenteric ganglion

Suprarenal plexus

Splanchnic
nerves

Greater

Diaphragm

Sympathetic trunk
and ganglion

Lesser

Least

Renal plexus

Celiac plexus

Inferior mesenteric artery
and plexus

Anterior View

Common iliac artery

Sacral splanchnic nerve

Sympathetic

Parasympathetic

Sacral plexus (somatic)

Plexuses (sympathetic
and parasympathetic)

Figure 10-15 The great abdomi-
nopelvic plexus. This diagram 
illustrates the position of the pre-
vertebral and paravertebral sym-
pathetic ganglia in the abdomi-
nopelvic plexus. The plexus lies in 
the visceral fascia surrounding the 
abdominal aorta. (Figure taken 
from A. M. Agur and A. F. Dalley. 
Grant’s Atlas of Anatomy. Phila-
delphia, PA: Lippincott Williams 
& Wilkins, 2009.)
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The major prevertebral ganglia are distributed around the three 
abdominal arteries:

Celiac
Superior mesenteric
Inferior mesenteric

Anatomical authorities subdivide the celiac ganglia into numerous 
parts based on its location about the celiac artery and aorta; how-
ever, from a practical perspective, it is simpler to consider it as one 
anatomical unit. Also, the celiac and superior mesenteric ganglia 
are often fused together into an inseparable mass surrounding the 
trunks of their two arteries. An older term for this arrangement is 
the solar plexus. Additional clusters of sympathetic ganglia neurons 
are found scattered in the hypogastric plexus as it enters the pelvic 
basin.

Neurons in each prevertebral ganglion give rise to postgan-
glionic fi bers that innervate abdominal and pelvic viscera. These 
axons travel to their target organs by hitchhiking on abdominal and 
pelvic arteries. Each prevertebral ganglion innervates a different 
region of the viscera.

Celiac Ganglia

The celiac ganglionic mass surrounds the celiac trunk. It is often 
fused to the superior mesenteric ganglia to form one large, complex 
mass. When carefully dissected, the precise shape of the ganglion 
complex is very irregular and defi es meaningful classifi cation (51). 
The celiac ganglia receive afferent fi bers from the thoracic splanch-
nic nerves (T5-T9). In turn, it supplies postganglionic sympathetic 
axons to the vascular territory of the celiac artery including the 
(Figs. 10.17 and 10.18):

Distal esophagus
Stomach

contributions come from the pelvic splanchnic nerves in the pelvic 
basin.

Like the thoracic plexus, the abdominopelvic plexus can be 
divided into several geographical regions. Along the abdominal 
aorta, the major prevertebral ganglia mark out differing territories:

Celiac
Superior mesenteric
Inferior mesenteric

The superior hypogastric plexus lies between the inferior mesenteric 
plexus and the sacral promontory. Below the sacral promontory, 
the plexus splits to pass laterally around the pelvic organs. This 
region is called the inferior hypogastric plexus or, simply, the pel-
vic plexus. Frequently, the fi bers of the superior hypogastric plexus 
unite into a few large cords in the region directly over the sacral 
promontory and just prior to bifurcation into the two inferior 
hypogastric plexuses. These cords are often referred to in the surgi-
cal literature as the presacral nerve (86). Although the abdominal 
autonomic nervous system has regional names, in reality the com-
ponents blend together to form one great abdominopelvic plexus. 
The abdominal portion of this great plexus supplies efferent and 
afferent nerves to the organs of the abdominal cavity including the 
gastrointestinal organs, spleen, and kidneys. The pelvic portion of 
this plexus supplies the rectum, urinary organs, and reproductive 
organs. In addition to the organs, the abdominopelvic plexus also 
innervates the vasculature of the abdominopelvic cavity.

Gastrointestinal Tract
The gastrointestinal system receives a complex pattern of extrinsic 
innervation involving splanchnic nerves derived from the thora-
columbar and sacral portions of the spinal cord and the terminal 
portion of the vagus and pelvic splanchnic nerves (Figs. 10.4 and 
10.5). These nerves form a complex network of fi bers lying along 
the abdominal aorta and extending from the thoracoabdominal 
diaphragm to the pelvic diaphragm (Fig. 10.15). This elaborate 
plexus, like its visceral blood supply, can be divided into three 
zones based on embryologic partitions of the gastrointestinal 
system:

Celiac (foregut)
Superior mesenteric (midgut)
Inferior mesenteric (hindgut)

A complex network of intrinsic fi bers and neurons called the enteric 
nervous system is found within the walls of the gut. The enteric or 
intrinsic neural system controls the activity of gut smooth muscle 
and glands. In turn, it is modulated by the extrinsic fi bers from the 
CNS via the sympathetic and parasympathetic nerves. Numerous 
sensory feedback loops exist in the gastrointestinal system. Afferent 
fi bers within the luminal surface and gut wall form short feedback 
loops within the enteric nervous system. Longer feedback loops 
connect the gut to the prevertebral ganglia, and still longer loops 
connect the gut with the spinal cord and brainstem (6,13,87–90). 
Figure 10.16 is a schematic diagram of the abdominopelvic plexus 
demonstrating its input from sympathetic and parasympathetic 
sources.

The gastrointestinal tract has a special pattern of sympathetic 
innervation that differs signifi cantly from that of the thoracic vis-
cera. Preganglionic fi bers arise in the lateral horn of spinal seg-
ments T9-L2, but they do not terminate in the paravertebral 
ganglia. Instead, they pass through a series of thoracic, lumbar, and 
sacral splanchnic nerves (branches off of the sympathetic truck) to 
reach the prevertebral sympathetic ganglia on the anterior wall of 
the abdominal aorta (Fig. 10.15).

Figure 10-16 A schematic diagram of the abdominopelvic plexus 
illustrating its ganglia and sources of input. Thoracic, lumbar, and 
sacral splanchnic nerves for the sympathetic trunk carry sympathetic 
preganglionic fi bers to the paravertebral ganglia located in the plexus. 
Postganglionic axons from the paravertebral ganglia target the intrin-
sic enteric ganglia of the organ walls. Parasympathetic fi bers arise in 
the vagus nerve superiorly and the pelvic splanchnic nerves inferiorly. 
These fi bers also target the intrinsic enteric ganglia located on the 
organ walls. CG, celiac ganglion; SMG, superior mesenteric ganglion; 
IMG, inferior mesenteric ganglion; HG, Hypogastric ganglion.

Chila_Chap10.indd   149Chila_Chap10.indd   149 8/5/2010   1:40:19 PM8/5/2010   1:40:19 PM



150 I • FOUNDATIONS

and supplies postganglionic axons to the vascular territory of the 
inferior mesenteric vessels, namely the (Fig. 10.18):

Distal third of the transverse colon
Descending colon
Sigmoid colon
Rectum

Postganglionic fi bers from the prevertebral ganglia follow their 
specifi c blood supplies through the mesenteric ligaments to reach 
the specifi c organs. The termination of these noradrenergic fi bers 
is primarily on the neurons in the enteric ganglia (91). Sympathetic 
fi bers also terminate in the muscular coat of blood vessels, and an 
abundance of these fi bers reaches the sphincter musculature of the 
enteric wall. Only scattered sympathetic fi bers are present in the 
muscularis externa and submucosa of the gastrointestinal tract (92). 
There are almost no adrenergic cell bodies in the enteric plexus; 
therefore, most enteric adrenergic fi bers are of external origin. In 
general, stimulation of the sympathetic fi bers inhibits the activity 
of cholinergic neurons of the parasympathetic system and slows 
peristalsis and motility.

The parasympathetic innervation of the organs located below 
the thoracoabdominal diaphragm has a dual origin, which also seg-
regates along vascular and embryologic divisions. The organs of 
the foregut and midgut, serviced by the celiac and superior mes-
enteric arteries, receive parasympathetic preganglionic fi bers from 
the vagus nerve (Figs. 10.17–10.19). The vagus nerve follows the 
esophagus through the diaphragm to enter the abdominal cavity on 

Proximal duodenum
Liver
Gall bladder
Spleen
Portions of the pancreas

Superior Mesenteric Ganglia

This ganglion is found wrapped around the superior mesenteric 
artery. As mentioned above, it is often fused with the celiac ganglia. 
The superior mesenteric ganglia also receive preganglionic axons 
from the thoracic splanchnic nerves. Its distribution of postgangli-
onic axons reaches the territory supplied by the superior mesenteric 
artery (Fig. 10.19):

Distal duodenum
Portions of the pancreas
Jejunum
Ileum
Ascending colon
Proximal two thirds of the transverse colon

Inferior Mesenteric Ganglia

The most ventral of the three prevertebral ganglia, the inferior 
mesenteric ganglia, surrounds the abdominal artery of the same 
name. It receives axons from the three lumbar splanchnic nerves 

Figure 10-17 Connections of celiac ganglion and innervation of stomach. (From Kimmey MB, Silverstein FE. Dis-
eases of the gastrointestinal tract. In: Bonica JJ, ed. The Management of Pain. Philadelphia, PA: Lea & Febiger, 
1990:1189, with permission.)
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fi bers in the inferior hypogastric plexus gain access to the enteric 
plexus in the wall of the rectum and ascend along the colon to reach 
more proximal levels of the hindgut. The preganglionic axons of 
the pelvic splanchnic nerves eventually terminate on the neurons 
of the enteric nervous system. Stimulation of the parasympathetic 
fi bers increases gut peristalsis and mobility.

The enteric ganglia and plexus within the walls of the gut form 
a highly complex and elaborate network, often referred to as the 
third division of the autonomic nervous system. It exerts a major 
infl uence over all activities in the gut (6,93). The enteric nervous 
system is estimated to possess as many neurons as are found in the 
entire spinal cord (94). The enteric system is divided into two lay-
ers: The external layer is the myenteric plexus (Auerbach’s) control-
ling the muscularis externa, and the internal layer is the submucosal 
(Meissner’s) controlling the glandular and immune components of 
the submucosal layers. A full understanding of these structures 
requires a knowledge of the gastrointestinal histology and is beyond 
the scope of this review (95,96).

Numerous neurotransmitters and neuromodulators are found 
within enteric neurons, for example:

Acetylcholine
Serotonin
Purines
Gamma-amino butyric acid
Histamine
There are also many peptides such as
Substance-P

the walls of the stomach. The esophageal hiatus of the diaphragm 
is the last place the vagus can be identifi ed as a distinct nerve. Vagal 
axons, however, continue into the abdominal cavity, joining those 
of the sympathetic system in the celiac and superior mesenteric 
ganglia and forming mixed nerves, which pass along celiac and 
superior mesenteric blood vessels eventually to reach the abdomi-
nal viscera. Vagal fi bers are plentiful in the walls of the stomach 
and small bowel, and a few reach as far distally in the enteric plexus 
as the splenic fl exure of the large colon. The preganglionic vagal 
axons terminate on neurons in enteric ganglia. Short postgangli-
onic fi bers from these neurons innervate the glands and course 
within the layers of smooth muscle of the alimentary canal. Cho-
linergic stimulation increases glandular secretions and peristaltic 
activity.

The organs of hindgut origin (transverse colon to anus) 
receive parasympathetic preganglionic innervation from the pel-
vic splanchnic nerves (Fig. 10.20). These nerves arise in the lat-
eral horn of the S2-S3 spinal cord segments and exit the spinal 
canal with the sacral nerve roots. As the roots pass along the pelvic 
wall on their way to the greater sciatic foramen, the delicate pelvic 
splanchnic nerves are given off. These thin nerves course through 
the endopelvic fascia to reach the inferior hypogastric plexus sur-
rounding the walls of the rectum. Once in the hypogastric plexus, 
these parasympathetic preganglionic fi bers can ascend to the origin 
of the inferior mesenteric artery. By hitchhiking along the branches 
of this artery, they reach upward to the splenic fl exure of the large 
colon. Not all parasympathetic axons from the pelvis follow this 
route to reach the inferior abdominal organs. Some preganglionic 

Figure 10-18 Connections of celiac ganglia and the innervation of the liver and biliary tree. (From Mulholland MW, 
Debas HT. Diseases of the liver, biliary system, and pancreas. In: Bonica JJ, ed. The Management of Pain. Philadel-
phia, PA: Lea & Febiger, 1990:1215, with permission.)
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of external environmental conditions. Information in this third 
sensory level can, on occasion, reach consciousness.

There are signifi cant differences in distribution, morphology, 
and neurochemistry between the visceral afferent fi bers associated 
with sympathetic nerves and those coursing with the parasympa-
thetic nerves. There are very few large, encapsulated nerve endings 
in the gut wall, most of which are related to axons from the para-
sympathetic vagus nerve. However, the majority of afferent termi-
nals in the gut are small-caliber, naked nerve endings (87). In the 
vagus nerve, mechanoreceptive, chemoreceptive, and polymodal 
fi bers have been described with their receptive fi elds in the mucosa 
and submucosa of the gut wall. At least in the stomach, very few 
of these vagal fi bers contain calcitonin gene–related polypeptide, a 
neuropeptide typically related in nociceptive afferent fi bers of the 
somatic tissue. However, some nociceptive information is carried 
in the vagus nerve because pain from a hiatal hernia can be referred 
to the face (99) via the vagus nerve. Little is known of nocicep-
tive function in vagal fi bers below the level of the diaphragm. The 
visceral afferent fi bers that follow the sympathetic nerves to the 
spinal cord are mechanoreceptive and chemoreceptive, and they 
tend to be distributed to the mesenteries and peritoneal ligaments 
of the gut and along its vascular system. In contrast to the vagal 
fi bers, those projecting to the spinal cord are mostly of small cali-
ber and are rich in calcitonin gene–related polypeptide, suggesting 
that they have a role in nociception. Their endings are commonly 
distributed within the mesentery and supporting ligaments of the 
abdominal organs (88). These nerve endings are frequently present 

Somatostatin
Vasoactive intestinal polypeptide
Enkephalins

Recently, nitric oxide has been described as a signifi cant noncholin-
ergic, nonadrenergic mechanism of neurotransmission in the enteric 
nervous system as well as elsewhere (97,98). Nitric oxide is syn-
thesized from the amino acid arginine by neurons in the myenteric 
plexus and is a potent smooth muscle relaxing factor. For this reason, 
it is postulated to be important in dilation of the alimentary canal.

Three levels of sensory information processing are necessary for 
the proper regulation of gastrointestinal tract function (6,87). The 
fi rst level features afferent neurons that form a short loop intercon-
necting the gut mucosa, submucosa, or muscle to the enteric ganglia 
only. These neurons are responsible for local refl exes along the gut 
wall. The second level of sensory information processing involved 
is arranged in a longer loop involving afferent neurons from the 
mucosa that project to the prevertebral ganglia along the aorta. 
These sensory neurons participate in intra-abdominal refl ex arcs 
coordinating various regions of the gastrointestinal system. Nei-
ther of these two sensory levels can reach consciousness; thus, we 
are generally unaware of the refl ex control activity occurring in the 
gut wall. Finally, the third level of sensory feedback loops involves 
afferent neurons that project from the gut wall to the brainstem via 
the vagus nerve or to the spinal cord via the thoracic, lumbar, and 
pelvic splanchnic nerves. These visceral afferent neurons assist the 
CNS in integrating the activity of the alimentary canal with that 

Figure 10-19 Connections of superior mesenteric ganglion and the innervation of the small bowel. (From Kimmey 
MB, Silverstein FE. Diseases of the gastrointestinal tract. In: Bonica JJ, ed. The Management of Pain. Philadelphia, 
PA: Lea & Febiger, 1990:1198, with permission.)
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Hepatobiliary Tree and Pancreas
The vasculature and parenchyma of the liver and pancreas, as well 
as their associated ducts, receive innervation from both divisions 
of the autonomic nervous system (Fig. 10.18). In addition, these 
organs have an abundant supply of visceral afferent fi bers that course 
in the vagus and thoracic splanchnic nerves. Preganglionic sympa-
thetic innervation to these organs arises in thoracic segments at 
approximately T6 to T9-T11 and approaches the abdomen through 
the thoracic splanchnic nerves. Sympathetic ganglionic neurons are 
located in the celiac ganglia. Their postganglionic axons reach the 
liver and pancreas by hitchhiking on the hepatic and pancreatic 
branches of the celiac trunk. Preganglionic parasympathetic axons, 
derived from the vagus nerve, pass through the fascia of the celiac 
region and follow the vasculature to the target organs. Little is 
known concerning the effects of autonomic nerve stimulation on 
liver function. However, in general, sympathetic activation drives 
the liver toward increasing the output of glucose (102).

A signifi cant percentage of the axons in the vagus and tho-
racic splanchnic nerves traveling to the liver and pancreas are 
sensory in nature. Approximately 90 of the vagal axons and 50 of 
the splanchnic axons to the liver are visceral afferent fi bers (103). 
These two afferent systems perform different functions (13). Those 
afferent axons traveling with the vagus nerve respond to such 
stimuli as plasma glucose concentration, portal venous blood 
osmotic pressure, and temperature changes. The visceral afferent 
fi bers associated with the splanchnic nerves are high-threshold 

near the branch points for the vasculature in the peritoneal 
lining. Few small-caliber nerve endings are present within the 
visceral organs themselves. (See additional comments concerning 
vagal activity in Chapter 8.)

Physiologic (68) and clinical studies support the general sepa-
ration of regulatory information into the vagal system and noci-
ceptive information into the spinal cord. Stimulating the greater 
thoracic splanchnic nerve at surgery elicits severe pain; however, 
blockade of the splanchnic nerve relieves pain (100). In addi-
tion, applying local anesthetic to the greater thoracic splanchnic 
nerve after abdominal surgery prevents the endocrine metabolic 
responses such as increased plasma cortisol and urinary adrenaline 
levels that are usually present in the early stages of recovery (101). 
The projection of the viscera afferent fi bers through the sympa-
thetic system creates a nociceptive map of the abdominopelvic 
organs on the dorsal horn of the spinal cord. This map has been 
demonstrated in humans by sectioning the white rami commicans 
during the surgical treatment of visceral pain [White and Sweet, as 
cited in Jänig and Morrison (88)]. A summary of the organotopic 
map of the human viscera is presented in Table 10.1. The position 
of a specifi c organ in the visceral afferent organotopic map of the 
spinal cord coincides approximately with the origin of the sympa-
thetic efferent system to that specifi c organ. The nociceptive input 
to the spinal cord over these visceral afferent fi bers is not precisely 
mapped; instead, input from any one organ overlaps considerably 
with that from surrounding organs (88).

Figure 10-20 Connections of inferior mesenteric ganglion and the innervation of the large bowel and rectum. 
SSSN, sacral sympathetic splanchnic nerve. (From Kimmey MB, Silverstein FE. Diseases of the gastrointestinal tract. 
In: Bonica JJ, ed. The Management of Pain. Philadelphia, PA: Lea & Febiger, 1990:1199, with permission.)
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relative density by the distal convoluted tubule and the proximal 
convoluted tubule (110,111). a-adrenoceptors have been located 
on the proximal convoluted tubule (112) as well as on the smooth 
muscle of the vasculature. Sympathetic innervation of the kidney 
is involved in the normal regulation of sodium retention, both by 
increasing the transport of sodium across the tubule walls and by 
directly increasing the release of renin from the juxtaglomerular 
apparatus (113,114). Studies have shown that there is increased 
activity in the renal sympathetic nervous system in essential hyper-
tension in humans (108).

A dual sensory innervation of the kidney exists: afferent fi bers 
follow the thoracic splanchnic nerves back to the spinal cord and 
the vagus nerve back to the brainstem. Within the kidney, periph-
eral endings of both mechanoreceptors and chemoreceptors are 
found in close association with ureteric blood vessels (arteries and 
veins) and in the walls of the pelvis of the ureter (115). Their cell 
bodies are in the dorsal root ganglia located mainly in segments at 
the thoracolumbar junction (T10-L3), and their central processes 
terminate in the dorsal horn of the spinal cord. These afferent 
axons are classifi ed as A and C-fi bers. Vagal afferent fi bers, both 
mechanoreceptors and chemoreceptors, play a role in renorenal 
refl exes. The mechanoreceptors are also involved in modulating 
cardiovascular refl exes, thus regulating blood pressure (115). Pain is 
the only detectable sensory perception that can be elicited from the 
kidney (13). This modality is carried in the visceral afferent fi bers 
of the thoracic splanchnic nerves to reach the spinal cord and the 
spinothalamic tracts. In a study of the sympathetic renal afferent 
fi bers in the primate, all spinothalamic tract cells excited by renal 
afferent fi bers were also excited by somatic afferent fi bers, indi-
cating a powerful somatovisceral convergence on these cells (116). 
This convergence has been suggested as a mechanism to explain 
the referral of pain from the kidney out to somatic structures such 
as the fl ank of the body. In addition, this relationship may explain 
the changes in the tone of muscle innervated by the segments 
T10-L1 that accompany renal infection or infl ammation.

Ureter
The ureter is the conduit for urine from the kidney to the blad-
der. Its primary function of the ureter is the unidirectional fl ow of 
urine from the kidney to the urinary bladder. Although it is richly 
invested with nerves (117), peristalsis in the ureter is primarily 
myogenic in nature, driven by specialized pacemaker cells (118). 
The course of the ureter is retroperitoneal, lying along the poste-
rior abdominal body wall and embedded in the transversalis fascia. 
The walls of the ureter consist of interlacing bundles of smooth 
muscle fi bers woven into a theca muscularis. Individual smooth 
muscle cells interconnect via numerous gap junctions, making the 
muscularis a functional syncytium (119). Modifi ed smooth muscle 
cells within the muscular layer serve as pacemakers, initiating peri-
staltic contractions (120). A plexus of efferent and afferent nerve 
fi bers that are capable of regulating the pacemaker cells is wrapped 
around the muscularis (119).

The ureter receives its innervation in a segmental fashion. The 
upper portion is innervated by the lower thoracic and upper lumbar 
segments (T10-L1) and by the vagus nerve. The lower portion of 
the ureter is innervated by the upper lumbar segments (L1-L2) 
and the pelvic splanchnic nerves (Table 10.1). The sympathetic 
innervation reaches the upper ureter through the lesser thoracic 
and lumbar splanchnic nerves. Ganglionic neurons are located in 
the celiac and associated renal and gonadal (testicular or ovarian) 
ganglia. The lower ureter receives its sympathetic innervation from 
lumbar and sacral splanchnic nerves that contribute to ganglia 
located in the superior and inferior hypogastric plexus (121).

mechanoreceptors and chemoreceptors located in the walls of the 
biliary system, among other places, and are responsive to stretch 
and bradykinin concentration. The evidence available to date sug-
gests that all pain sensation from the liver and biliary tree is trans-
mitted via the splanchnic nerves and not the vagus nerve.

Kidney and Urinary Tract
Kidney
Although the kidney is primarily controlled by endocrine mecha-
nisms, it does receive signifi cant innervation from the sympathetic 
adrenergic system that regulates, in part, the retention of sodium 
(Table 10.1) (104–107). Alterations in the neural activity in 
sympathetic fi bers are involved in the generation of certain forms 
of hypertension (108). Very little vagal parasympathetic (cholin-
ergic) input to the kidney has been reported. This organ does, how-
ever, receive neuropeptide-containing, primary afferent fi bers that 
course along with the adrenergic fi bers (Fig. 10.21).

The kidney receives most of its innervation from the thora-
columbar spinal cord. Preganglionic sympathetic neurons regulat-
ing the kidney are located in the lateral horn of the spinal cord 
extending approximately from segments T11 to L1. Their axons 
enter the abdominopelvic plexus over the lower thoracic and fi rst 
lumbar splanchnic nerves (Table 10.1). The postganglionic sympa-
thetic adrenergic fi bers are derived from laterally positioned ganglia 
(sometimes called aorticorenal ganglia) in the celiac and superior 
mesenteric plexuses and course into the hilus of the kidney along 
the renal vasculature.

The adrenergic axons of the mammalian kidney terminate on 
the (109):

Afferent and efferent glomerular arterioles
Proximal and distal renal tubules
Ascending limb of Henle loop
Juxtaglomerular apparatus

All portions of the cortical tubular nephron are under neural infl u-
ence. The relative density of adrenergic fi bers is greatest around 
the ascending limb of the loop of Henle, followed in decreasing 

T A B L E  1 0 . 1

Visceral Organs and Their Approximate 
Spinal Cord Level for the Origin of Their 
Preganglionic Neuronsa

Heart T1-5
Stomach T5-9
Liver and gall bladder T6-9
Pancreas T5-11
Small intestine T9-11
Colon and rectum T8-L2 S2-4
Kidney and ureters T10-L1
Urinary bladder T10-L1 S2-4
Ovary and fallopian tube T9-10
Testicle and epididymus T9-10, L1-2 S2-4
Uterus T10-L1
Cervix S2-4
Prostate L1-2

aThese levels create a viscerotopic map in the lateral horns 
of the spinal cord.
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Figure 10-21 Innervation of the kidney. (From Ansell JS, Gee WF. Diseases of the kidney. In: Bonica JJ, ed. The 
Management of Pain. Philadelphia, PA: Lea & Febiger, 1990:1233, with permission.)

likely related to nociception. Many of these primary afferent fi bers 
contain neuropeptides such as substance-P and calcitonin gene–
related polypeptide, thereby suggesting that they are involved in 
nociceptive activities.

Pain, presumably from these nociceptors, is the only sensory 
perception obtainable from the human ureter (13). In the tho-
racolumbar dorsal horn of the spinal cord, input from the ureter 
converges with somatic input from thoracolumbar spinal seg-
ments. Pain from distention of the ureter is often referred to the 
somatic body wall over a range of body segments. From the upper 
ureter, pain refers to the area from the anterior superior spine of 
the ileum anteriorly to the border of the rectus abdominis muscle 
(T11-T12). From the middle ureter, pain refers to the area from 
the inguinal ligament anteriorly to the rectus abdominis muscle 
(T12-L1). From the lower ureter, pain refers to the suprapubic 
area (L1) and below into the scrotum or labia (L2) (121). This 
descending segmental pattern of primary afferent fi bers from the 
ureter is responsible for the descending movement of facilitated 
segments as any obstructing material moves through the ureteric 
lumen.

Urinary Bladder
The muscular components of the urinary bladder can be divided 
into two anatomical and functional parts: the body (or detrusor 
urinae muscle) and the base (or the trigone muscle). The detrusor 
urinae muscle is the larger of the two parts and is active during 
expulsion of urine from the bladder. The trigone muscle surrounds 
the openings of the ureter in the base and the opening of the urethra 
in the neck of the bladder. It acts as an internal sphincter and, when 

Fibers containing tyrosine hydroxylase and neuropeptide-Y, 
markers for sympathetic axons, are in the outer muscle layers and 
the surrounding adventitia of the human ureter (122–124). Acti-
vation of a-adrenergic receptors increases ureter peristalsis and 
elevates luminal pressures; whereas activation of b-adrenergic 
receptors decreases ureter peristaltic frequency and lowers intrau-
reter pressures (125). The actual role of the noradrenergic system 
in human ureter peristalsis has been questioned, and it appears 
that control over the surrounding vascular system is the dominant 
theme for the ureteric nerves (118).

Parasympathetic innervation for the upper portion of the ure-
ter arises in the vagus nerve and reaches the ureter through the 
celiac and superior mesenteric plexus. The lower portion receives 
its cholinergic innervation from spinal segments S2-S4. These pel-
vic splanchnic nerves communicate with the ureter via the inferior 
hypogastric plexus. Acetylcholine-containing neurons are present in 
the mural ganglia of the ureter, and fi bers containing acetylcholine 
are present in the mammalian ureter. These fi bers are of greatest 
density as the ureter enters the vesical wall. Stimulation of the ure-
ter wall with acetylcholine results in an increased contractile activity 
and an increased basal tone of the mural smooth muscle (125,126). 
Acetylcholine also relaxes the ureter resistance arteries using a 
mechanism involving endothelium-derived nitric oxide (125).

Afferent fi bers to the ureter are derived from dorsal root gan-
glia ranging from L2-L3 to S1-S2 (in guinea pigs) (127). Two 
classes of mechanoreceptors have been described in the ureter walls 
(128). One class has low thresholds and is responsive to peristaltic-
type contractions of the ureteric smooth muscle. The other class of 
mechanoreceptor has higher thresholds of activation and is most 
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axons pass anteriorly through the inferior hypogastric plexus and 
ultimately contribute to the vesicle plexus in the bladder adven-
titia. Their major target is the smooth muscle cells of the trigone 
muscle with a much smaller contribution to the smooth muscle 
of the detrusor urinae. Sympathetic tone facilitates contraction of 
the trigone muscles and relaxation of the detrusor urinae muscle, 
which is necessary to allow expansion of the bladder while it is 
fi lling (130).

The vesicle plexus contains many ganglionic neurons tradi-
tionally associated with the parasympathetic system. However, it 
is now clear that these neurons also receive input from adrenergic 
axons in the sympathetic system. Thus, the sympathetic system can 
infl uence the activity of the parasympathetic system by modulating 
the activity of the ganglion cells. The ganglion cells innervating 
the trigone muscle have a-adrenoceptors on their membranes and 
respond to sympathetic stimulation with contraction. Conversely, 
ganglion cells innervating the detrusor muscle have b-adreno-
ceptors on their membranes and respond to sympathetic stimula-
tion with relaxation. It is through this differential distribution of 
adrenoceptors that the sympathetic nervous system is capable of 
increasing the tone in the trigone while simultaneously relaxing 
the detrusor urinae (130).

The sphincter urethrae muscle, or external urethral sphinc-
ter, at the base of the bladder, is skeletal muscle; it receives its 
innervation from the perineal branches of the pudendal nerve 
(Fig. 10.22). This is a somatic nerve containing axons from 
motoneurons located in the ventral horn of the spinal cord (S2-S4). 

contracted, helps to prevent the fl ow of urine from the bladder. The 
detrusor and the trigone tend to oppose each other in activity. Both 
detrusor and trigone muscles comprise multiple layers of smooth 
muscle fi bers and receive an efferent innervation from the large 
autonomic pelvic plexus. A third muscle related to bladder function 
is located inferior to the trigone in the layers of the perineum. It is 
the deep transverse perineal muscle; the portion of this muscle that 
surrounds the urethra is called the sphincter urethra. Unlike the 
detrusor and trigone, this component of the perineal diaphragm 
is composed of skeletal muscle and innervated by branches of the 
pudendal nerve, a somatic nerve (S2-S4).

The autonomic innervation of the urinary bladder is accom-
plished through the hypogastric plexus that is embedded in endopel-
vic fascia (Fig. 10.22). Parasympathetic preganglionic (cholinergic) 
fi bers from the intermediolateral nucleus of spinal segments S2-S4 
enter the hypogastric plexus via the pelvic splanchnic nerves. These 
axons continue anteriorly into the vesicle plexus to terminate on gan-
glionic neurons located in the walls of the bladder. Their postgangli-
onic (cholinergic and purinergic) axons supply motor innervation to 
all portions of the bladder wall. Stimulation of the parasympathetic 
system, which occurs during voiding, is excitatory to the detrusor 
muscle and inhibitory to the trigone muscle (129).

Sympathetic preganglionic fi bers arise in the intermediolateral 
nucleus of spinal segments T11-L2 (Fig. 10.22). They leave the 
sympathetic trunk coursing on lumbar and sacral splanchnic nerves 
to enter the inferior hypogastric plexus, eventually targeting pre-
vertebral ganglia (130). Sympathetic postganglionic (adrenergic) 

Figure10-22 The hypogastric plexus and the innervation of the male pelvic basin. A. This fi gure demonstrates the 
distribution of autonomic nerves to the pelvic and perineal organs. (Figure taken from A. M. Agur and A. F. Dalley. Grant’s 
Atlas of Anatomy. Philadelphia, PA: Lippincott Williams & Wilkins, 2009.) B. This fi gure illustrates the origin of pelvic and 
perineal nerves in the male. (Figure taken from W. F. Gee and J. S. Ansell. Pelvic and perineal pain of urologic origin. 
In: J. J. Bonica, ed. The Management of Pain. Philadelphia, PA: Lea & Febiger, 1990:1368–1394.)
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triggers low-level afferent volleys that increase the tone in the 
trigone muscle and external sphincter muscles and inhibit the 
tone in the detrusor urinae muscle, allowing the bladder to serve 
as a reservoir for urine. After a certain level of fi lling is reached, a 
higher intensity of afferent volleys from the bladder wall reverses 
these refl exes such that the detrusor urinae muscle tone is enhanced 
and the tone of the trigone and external sphincter is inhibited. 
This reversal of refl exes prepares the bladder for voiding. The last 
step, relaxation of the external sphincter, requires cooperation of 
the suprasegmental control of the bladder musculature, allowing 
volitional control of voiding (130).

Reproductive Tract
The pelvic and perineal organs of the male and female reproduc-
tive systems receive both sympathetic and parasympathetic inner-
vation through the complex abdominopelvic plexus (Fig. 10.23). 
This innervation targets the glandular cells and smooth muscle 
of the vasculature as well as the mural smooth muscle present in 
the tubular portions of these organs. The origin of this innerva-
tion varies according to the embryonic origin of the specifi c organs. 
The testis and the ovary, which arise in the gonadal ridge of the 
posterior abdominal wall, receive their afferent and efferent supply 

The release of urine from the bladder requires an integrated 
viscerosomatic refl ex involving:

1. Excitation of the parasympathetic system to activate the detru-
sor urinae muscle.

2. Inhibition of the sympathetic system to relax the trigone and 
internal sphincteral muscles.

3. Subsequent inhibition of the pudendal nerve to relax the exter-
nal sphincteral muscles.

Vesicle afferent fi bers arise from mechanoreceptor endings in the 
connective tissue and epithelium of the vesicle mucosa and travel 
over the lumbar and pelvic splanchnic nerves as well as pudendal 
nerves to reach the cord at the L1-L2 and S2-S4 levels. Cell bodies 
for these nerves are present in the associated dorsal root ganglia. 
Many of these fi bers contain neuropeptides such as those repre-
sented in the small-caliber, primary afferent fi bers system (130). 
The afferent fi bers reach only to the dorsal horn of the spinal cord 
near their segmental level of entry; however, a small number of 
these fi bers enter the spinal cord and follow the ascending tracts 
rostrally to terminate in the lower regions of the medulla.

Sensory information from distension of the bladder initi-
ates the refl exes involved in voiding. Initial fi lling of the bladder 

Figure 10-23 The origin and 
distribution of the hypogastric 
plexus in the female pelvic basin. 
(Figure taken from A. M. Agur and 
A. F. Dalley. Grant’s Atlas of Anat-
omy. Philadelphia, PA: Lippincott 
Williams & Wilkins, 2009.)
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uterus. Some axons terminate in the smooth muscle of the myo-
metrium, particularly in the longitudinal layer (132) and among 
the glands of the endometrium. The parasympathetic input to the 
uterus and cervix arises in the intermediolateral nucleus of spinal 
segments S2-4. These axons target ganglia located in the plexus of 
Frankenhuser; whereas postganglionic (cholinergic) axons extend 
from this plexus into the uterus following the uterine artery. Most 
of the cholinergic input to the uterus is confi ned to the vascular 
supply with a small amount reaching the glands of the endome-
trium and a few fi bers in the circular muscle layer of the myo-
metrium (132). Beyond regulation of the vasculature, the function 
of this elaborate autonomic innervation of the uterus is not well 
known. Evidence suggests that stimulation of the adrenergic and 
cholinergic inputs can enhance the contraction of mammalian 
uterine myometrium (133). The number and size of adrenergic 
nerves appears to increase in the uterus during pregnancy (134), 
further suggesting a role for these fi bers in the uterine contractions 
of labor and delivery.

The uterus, cervix, and vagina receive a complex afferent inner-
vation that infl uences the referral of pain during parturition (135). 
Experimental studies in cats demonstrate that afferent fi bers from 
the uterus and cervix enter the spinal cord over a range of levels 
(T12-S3) (136). The majority of fi bers from the fallopian tubes 
have cell bodies in the dorsal root ganglia of the lumbar segments, 
whereas the majority of fi bers from the cervix have cell bodies in 
the dorsal root ganglia of the sacral segments. Clinical studies sug-
gest that the afferent fi bers from the human uterus project to even 
higher levels of the spinal cord (T10) (135) and that the majority 
of pain fi bers from the uterus enter the thoracolumbar spinal cord 
(137,138). Nociceptive fi bers from the uterus pass upward through 
the superior hypogastric plexus and lumbar splanchnic nerves to 
enter the spinal cord over the white rami of the lower thoracic and 
lumbar segments. For this reason, the white ramus at L1 can be 
particularly large. The pathways handling sensory information 
from the female reproductive tract are split. Input from above the 
cervix ascends through the superior hypogastric plexus to the tho-
racolumbar junction, although afferent fi bers from the cervix and 
below descend into the sacral spinal cord (68). This arrangement of 
primary afferent fi bers is responsible, in part, for the presentation 
of low-back pain late in pregnancy as well as accompanying facili-
tation of spinal segments around the thoracolumbar junction.

Erectile Tissue of the Penis and Clitoris

The sympathetic innervation of the vasculature and erectile tissue 
in the penis and clitoris has its origin in the intermediolateral cell 
column of spinal cord segments T11-L2 (Fig. 10.23). At least two 
routes exist through which these fi bers reach the penis. One route 
involves preganglionic axons that arise in the thoracolumbar spi-
nal cord and synapse in the associated paravertebral ganglia. From 
these ganglia, adrenergic postganglionic fi bers join the hypogastric 
plexus to pass into the pelvic basin, eventually entering the penis 
at its root on the perineal diaphragm. The second route comprises 
sympathetic preganglionic axons from thoracolumbar segments 
that pass by the paravertebral ganglia to terminate in pelvic ganglia 
located deep in the pelvic plexus. Postganglionic adrenergic axons 
from these ganglia reach the root of the penis or clitoris by follow-
ing the associated perineal vasculature.

Parasympathetic innervation of the vasculature and erectile tis-
sue arises in the sacral (S2-S4) spinal cord. Postganglionic axons 
from neurons in the scattered ganglia of the pelvic plexus join the 
sympathetic axons entering the penis or clitoris over its root. Non-
adrenergic, noncholinergic axons, presumably from cells located in 

from the abdominal portions of the abdominopelvic plexus. The 
remaining pelvic organs of reproduction are innervated from the 
pelvic portion of the plexus. Afferent fi bers are present in each of 
these organs, and their input to the spinal cord is a key feature in 
the presentation of pelvic pain.

Testis and Ovary

Gonadal tissue receives sympathetic innervation from pregan-
glionic neurons located in spinal segments T10 and T11. These 
preganglionic axons target neurons in the celiac and superior 
mesenteric ganglia. The gonadal (spermatic or ovarian) plexus 
of fi bers arises from these ganglia and follows the course of the 
gonadal arteries. Additional sympathetic postganglionic axons join 
the gonadal plexus from the superior hypogastric plexus in the 
lower abdomen. In females, the gonadal (ovarian) plexus inner-
vates the ovary and extends on to reach the uterine tubes. In males, 
the gonadal (spermatic) plexus joins the spermatic cord with the 
vas deferens and proceeds through the inguinal canal to reach the 
scrotum. Adrenergic fi bers in the testis are present around blood 
vessels and interstitial cells of the seminiferous tubules and in the 
tubules of the epididymis (125). Stimulation of the sympathetic 
nervous system initiates strong peristaltic waves in the vas deferens, 
which is responsible for the propulsion of sperm. Parasympathetic 
innervation of the gonadal tissue is less dense than that of the sym-
pathetic fi bers. Cholinergic fi bers arise from the vesical plexus and 
join the gonadal plexus as it passes through the pelvis. These fi bers 
primarily target the vas deferens and the seminal vesicles.

Afferent fi bers from the testis, epididymis, and vas deferens 
extend through the gonadal plexus to reach the thoracolumbar spi-
nal cord. Fibers arising in the testis target segment T10, those from 
the epididymis enter the spinal cord at T11 and T12, although 
those from the vas deferens enter at T10-L1 (131). Afferent fi bers 
from the ovary also ascend in the gonadal plexus to enter the spinal 
cord at the T10 level. The return of afferent axons from the gonadal 
tissue to the lower thoracic level of the spinal cord is responsible for 
the referral of pain to the thoracolumbar junction and the facilita-
tion of segments in this area consequent to irritation of the gonadal 
tissue.

Uterus, Uterine Tube, Cervix, and Vagina

The distal portion of the abdominopelvic plexus bifurcates as it 
descends over the sacral promontory to enter the pelvic basin. 
The pelvic portion of this complex neural structure is called the 
inferior hypogastric or pelvic plexus. This network of ganglia and 
fi bers sweeps laterally along the pelvic walls to surround the mid-
line organs of the female pelvis. As this plexus crosses over the 
transverse cervical ligament, its fi brous network thickens to form 
the elaborate plexus of Frankenhuser (a regional subset of the infe-
rior hypogastric plexus). From here, autonomic axons accompany 
the uterine vessels medially along the transverse cervical ligament 
to gain access to the uterus, cervix, and vagina. The remainder of 
the inferior hypogastric plexus extends anteriorly to surround the 
bladder (this collection of fi bers is often referred to as the vesical 
plexus).

Sympathetic preganglionic neurons capable of infl uencing 
the uterus and cervix are located in the T10-L2 spinal segments 
(Fig. 10.23). Their axons target neurons in the celiac ganglia and 
other prevertebral ganglia. Postganglionic fi bers from these gan-
glia descend into the pelvic basin coursing in the superior and 
inferior hypogastric plexus to eventually reach the uterus. For the 
most part, these adrenergic fi bers end on the vasculature of the 
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and enhanced parasympathetic activity in cluster headache. Headache 
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35. Suzuki N, Hardebo J-E. The cerebrovascular parasympathetic innervation. 
Cerebrovasc Brain Metab Rev 1993;5(1):33–46.
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the pelvic ganglia, also innervate the erectile tissue. Somatic motor 
innervation of the clitoris and penis arises in Onuf ’s nucleus of the 
ventral horn of spinal cord segments S2-S4. Their axons travel 
the course of the pudendal to the perineum where they innervate 
the following structures, all of which are composed of skeletal 
muscle:

Bulbocavernosus muscles
Ischiocavernosus muscles
Superfi cial and deep perineal muscles
External urethral sphincters
Anal sphincters

The sex act requires coordinated viscerosomatic refl exes involving 
the organs and musculature of the pelvic and perineal region (130). 
Initially, somatic and/or emotional stimuli activate parasympa-
thetic outfl ow from the sacral cord to the vasculature of the erec-
tile tissue. The cholinergic fi bers activate the release of nitric oxide 
from endothelial cells, which relaxes the vessel walls and results 
in increased perfusion of the tissue. Once the erectile tissue is 
engorged, additional stimuli initiate a sympathetic barrage from 
the thoracolumbar junction of the cord. This output results in con-
traction of smooth muscle in the vas deferens in the male and in 
the walls of the vagina in the female. Coordinated refl ex activation 
of the perineal nerve subsequently results in contraction of the bul-
bospongiosus, ischiocavernosus, and transverse perineal muscles. 
The rhythmic contraction of these muscles assists in forcing the 
ejaculate along the urethra in the male and constricts the vesti-
bule of the vagina in the female. Integration of these three efferent 
pathways (parasympathetic, sympathetic, and somatic) occurs in 
the circuitry of the sacral spinal cord segments and is necessary for 
successful completion of the sex act.

CONCLUSION

The autonomic nervous system is a major factor orchestrating the 
diverse functions of internal structures. Through an extensive net-
work of connections, the autonomic nervous system helps maintain 
the normal rhythm of activity in the visceral organs as well as adjust 
their output to accommodate any external challenge. This conglom-
erate of interlocking systems, with its pervasive infl uence on our 
physiology and psychology, is called the neuroendocrine-immune 
network. This network is described in more detail in Chapter 8 and 
in Chapter 9 of the previous edition of this book (139).
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11 Physiological Rhythms/Oscillations
Complementary, Alternative, and Integrative Considerations 
of Biorhythms
THOMAS GLONEK, NICETTE SERGUEEF, AND KENNETH E. NELSON

“Vibration is an accepted fact in science. Solid bodies are composed 
of atoms which are vibrating at almost infi nite velocities. One sub-
stance differs from another mainly in the modulus of vibritility, the 
different planes of substance representing the planes of gradually 
increasing vibratility. The higher vibratility governs and molds the 
lower, just as the sun centralizes the solar system. The most refi ned 
vibrations that mean life and light with all their accompaniments 
to the planets in the solar system. In man this vibritile character-
istic also predominates, for within his organism he combines the 
higher and lower grades of vibratility in connection with mind, 
brain, bone, muscle, blood. So long as these combined vibratilities 
are in harmony the organism enjoys life and health” (1).

BIOLOGICAL CYCLES

Human physiology is dynamic. It is important to understand this 
point and keep it in mind when considering physiological phe-
nomena. Everything in living things is changing with time—but 
not necessarily at the same rate. Keeping everything coordinated 
is paramount. Moreover, geology/physics impinges upon life pro-
cesses; the more fi t organisms are those that exploit the cycles of 
the solar system, from the oscillations of planets in their orbits to 
the vibrations of phospholipids in the cellular membrane.

Holistically, the totality of human physiology may be consid-
ered in the context of waves upon waves upon waves, wherein each 
rhythm or vibrational frequency, although independent, infl uences 
and is infl uenced by those frequencies above and below it. The 
authors have been working (Fig. 11.1) at physiological frequencies 
in the range of 0.002 to 0.500 Hz (Hertz, cycles/s), but the total 
picture is far grander than this.

Cellular Rhythms

A single-celled organism is completely surrounded by its external 
environment. As such, cellular physiology occurs in the context 
of that environment. Nutrients are withdrawn from the environ-
ment and waste materials are deposited into that same environ-
ment. These activities support cellular respiration: The cell exists 
autonomously. In the single-cell organism, the cell is either subject 
to the external movements of its environment or it must itself move 
within the environment in search of nutrients and to keep from 
being overwhelmed by its own waste products. This relationship 
between the cell and the environment becomes more complicated 
in the progression from single cell to multicellular organisms.

Multicellular organisms of higher phyla up to the level of 
Coelenterata (sponges) are organized in such a way that all of the 

constituent cells remain in direct contact with the external 
environment. Organisms of greater complexity contain individual 
cells that are, of necessity, not in direct contact with the external 
environment. This creates a new environment that is external to 
the cell but internal to the organism, thereby necessitating the need 
to regulate this resultant internal extracellular environment.

Cellular biochemistry demonstrates intrinsic rhythmic activity 
that creates a need to coordinate with the extracellular environment. 
The cell is absorbing nutrients and excreting waste products in har-
mony with its intrinsic biological rhythms. These rhythms dictate 
the need for similar rhythmicity of nutrient supply and waste trans-
port in the extracellular environment. This can be accomplished by 
modulating the environment to provide for the needs of the cell 
or by modifying cellular activity to adjust to the provisions of the 
extracellular environment.

A component of this extracellular environment is other cells, 
cells that are nearby and carry out identical functions, and cells that 
are more distant but that act as integrated components of an organ. 
Such cells interact through processes of signal entrainment and sig-
nal modulation so that they perform as a regulated unit. For some 
organs, these regulated units exist as specifi c tissues having well-
defi ned histology, for example the suprachiasmatic nucleus (SCN) in 
the brain, the atrioventricular node of the heart, the pancreatic ganglia 
(2). For other organs and systems, for example, smooth muscle, spe-
cifi c tissues have yet to be identifi ed, yet physiological measurements 
indicate that they exist. Further, these internally regulated units com-
municate with other units within complex multiorgan systems and 
also with external signals from the environment; eating, for example, 
or activities such as singing and Tai Chi Chuan, all known collec-
tively as zeitgebers. Because of this mutual dependency between the 
cell and the organism and its interaction with the environment, com-
plex physiological rhythms and signaling have developed.

External Time Setters, Zeitgebers

Zeitgeber: Literally, “time-giver” [zeit “time” + geber “giver,” coined 
by Jürgen Aschoff (3)]. A time cue capable of entraining circadian 
(and other) rhythms (3,4), it establishes the phase of an oscillating 
wave and can be used as a synchronizer for systems of waves.

When crowds of pedestrians started using London’s Millennium 
(foot) Bridge, it began to sway from side to side. The pedestrians fell 
into step with the bridge’s oscillations, which amplifi ed them (5). 
The effect of pedestrian walking, a periodic mechanical cycle, was to 
entrain the bridge, which then began to entrain additional pedestri-
ans. Later (6) it was determined that amplifi cation of the swing was 
the result of the way people balance themselves while walking. The 

K E Y  C O N C E P T S
■ An oscillation is any periodic vibration relative to an equilibrium position.
■ Osteopathic Manipulative Technique (OMT) uses the laws of mechanical physics to generate effective therapeutic 

intervention.
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combinations of sine waves, resulting in complicated looking 
waveforms (Fig. 11.5).

Rhythms

In rhythms, energy is provided regularly, but is delivered as a series 
of sharply focused impulses rather than as a smooth sinusoidal 
change. Usually the amplitudes of these rhythmic “spikes” are fairly 
uniform; think of the percussion section of an orchestra, or con-
sider a train of neuronal impulses. (One way of looking at impulse 
trains is to consider them “digital” signals.) For digital signals, tim-
ing is everything because the energy is sharply focused. Further, we 
tend to think of rhythms in terms of slow periodic processes, such 
as the spinning of the Earth, even though the waveform may be 
quite sinusoidal, as in “circadian rhythms.”

Chronobiology, Chronopharmacology, 
Chronotherapeutics

Most biological activities fl uctuate throughout the day and con-
tribute to a better adaptation to the organism’s daily activity; they 
also are coordinated. During the last 30 years, chronobiology has 
aimed at studying these biological rhythms, explaining the operant 
biological mechanisms and (recently) identifying their methods of 
communication, their crosstalk. Moreover, the description of spe-
cifi c biological rhythm disorders and rhythm problems at the cellu-
lar and even the molecular level has prompted the emerging fi elds 
of chronopharmacology and chronotherapeutics.

It is all about timing. Where on the clock face are the hands 
pointing? Is the observed signal leading or trailing? Only when the 
timing is precisely matched will resonance occur and transfer of 
information take place.

In 1902, Littlejohn had this to say regarding biological oscilla-
tions: “The vital cycle depends upon vibration. Waves of vibration pass 
along the tissues, especially from the nerves and the brain to and along 
the muscle tissues. There is no function of the body that does not have 
peristaltic or rhythmic vibrations. . . . the power of osteopathic treat-
ment occurs from its effect upon physiologic oscillations” (1).

Physiological Oscillations

The periodic physiological phenomena that exist in nature have 
been quantifi ed, and there is a developing consensus that these 
rhythms are synchronized (10) from the level of the cell to that 
of swarms, and from periods of only millisecond duration (11) 
to rhythms spanning millennia (12). As preposterous as this may 
sound, it is, nevertheless, logically consistent with the evolution 
of the genome from its seminal progenitor, LUCA [last universal 
common ancestor (13)], and its requirement, like all machines, for 
a master time setter. Moreover, an evolutionary advantage will be 
imparted to those chromosomes that can time the activities of their 
organism to exploit the Earth’s periods, hence the spur for devel-
opment of a zeitgeber (3,4,14,15). At this moment, technology is 
providing the raw data, the objective measurements. From these, 
then, just as we gaze at a star and from its wiggles deduce the struc-
ture of a distant solar system (16), so in analogous fashion we can 
discern precisely how biological rhythms infl uence each other and 
how these rhythms synchronize biological systems (10).

Regarding the existence of a master oscillator intrinsic to all 
living systems, an important caveat to consider is that while there 
may be a specifi c discrete physical structure housing this oscillator, 
such a structure is not absolutely necessary. It is entirely possible that 
the mutual synchrony of an organism’s oscillations may serve as the 

bridge had to be closed until it was strengthened with oscillation-
damping reinforcements. This is an example of group entrainment 
of humans through an external mechanical motion. Humans are 
entrained by the bridge, which synchronizes the ambulatory rhyth-
mic motion of the pedestrians, which in turn amplifi es the oscillation 
of the bridge. [The bridge was modeled mathematically as a weakly 
damped and driven harmonic oscillator (5).] This is analogous to the 
amplifi cation of the Traube-Hering wave in humans with incitant 
Osteopathic Manipulative Technique (OMT) (7,8) and the entrain-
ment of this wave’s frequency by baroreceptor outfl ow (9).

Everything must be synchronized in order that exchanges of 
energy take place. One must push the swing at exactly the right time 
to impart additional amplitude for the request “push me higher.” 
The phenomenon is called resonance. This also is the principle 
behind incitant Osteopathic Manipulative Technique (OMT). 
This is why Osteopathic Manipulative Technique (OMT) works, 
because we are using the laws of mechanical physics to generate an 
effective therapeutic intervention. Cranial Osteopathic Manipula-
tive Technique (OMT) is an exogenous zeitgeber.

Oscillations

An oscillation is any periodic vibration relative to an equilibrium 
position. As such, oscillations are characterized by:

Frequency: The number of complete oscillations occurring in 
a given unit of time.

Period: The time required for a complete oscillation or vibration.
Amplitude: The maximum displacement of a wave crest from 

its equilibrium position.

Period and frequency defi ne the cycle, and amplitude defi nes the 
strength (the power).

Oscillating phenomena can regulate mechanical, chemical, 
physical, and physiological systems having interacting parts. They 
do so by continually sampling the system to determine the magni-
tude of an intervention that must be applied in order to maintain 
the system at equilibrium.

In the steady state, the position of equilibrium is subject to drift 
unless a corrective force (electrical, chemical, mechanical) is applied 
to oppose the drift. An oscillation is a dynamic phenomenon that is 
the result of forces acting upon the system and that provides a way to 
regulate the system by constantly returning it to the point of equilib-
rium. It is advantageous for a system to oscillate, because the oscilla-
tion provides a stable regulator, a reference point, if you will. Because 
of uncertainties in the universe, such as the motions of molecules 
caused by heat, chemical and physical systems lacking a reference will 
tend to drift and eventually become unstable. Oscillation is a mecha-
nism for maintaining a system at its normative level of activity.

The body consists of multiple systems, each with their own 
equilibrium. Oscillation allows communication because waves can 
infl uence each other through the processes of entrainment, modu-
lation, and phase coherence.

There are three components necessary for a system to oscil-
late. They are resonance, gain, and positive feedback, and all must 
be present. Resonance in this context is the ability of something 
to store energy at a certain frequency. Gain feeds energy into the 
oscillation at the resonant frequency to make up for inevitable 
losses. Positive feedback keeps the energy properly timed to rein-
force the oscillation. If any one of them is missing or irregularly 
spread out (called dispersion), oscillation will not occur.

When visualized geometrically, oscillations in two dimensions 
appear as sinusoidal plots in three dimensions: Envision a train 
of footballs end to end. Physiological oscillations are usually 
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analytical procedures of the individual investigators. This will lead 
to confusion when the same signal is referred to by different names, 
particularly when these names refer to different physiological 
functions. The problem is avoided when a specifi c signal is referred 
to by its frequency. A signal’s frequency is its unequivocal name that 
does not depend upon the prejudices of investigators. Nomenclature 
problems are exacerbated, however, when the precision of measure-
ment inadequately resolves adjacent signals. For this reason, there is 
often ambiguity as to the precise frequency of specifi c phenomena.)

The frequency range from annual through tenths of a second can 
be discussed in terms of frequency bands that more or less describe 
physiologic functions in mammals. Beginning with the low-frequency 
end, these may be described as follows: Annual/seasonal rhythms, 
for example, seasonal affective disorder (SAD); menstrual cycle; cir-
cadian rhythm, for example, sleep disorders; ultradian rhythms, for 
example, endocrine and digestive cycles; vaso motor phenomena, for 
example Traube-Hering waves; cardiac cycles, for example, RR vari-
ability, and fi nally, oscillations of the cellular membrane.

Biological rhythms, however, can be as long as millennia 
and as short as milliseconds. On the long end, signals are usu-
ally manifest as trains of spikes or pulses analogous to drum beat 
rhythms. On the short end, signals may appear as sinusoidal 
waves, such as Traube-Hering waves or electroencephalographic 
(EEG) waves, or as trains of spikes, such as nerve impulse trains 
or the electrocardiogram (ECG). Regardless of form, their com-
mon characteristic is that they are periodic phenomena that can 
be transformed into a spectrum of frequencies through the math-
ematical procedure of a Fourier transformation (FT) (Fig. 11.1). 
The FT converts the time-domain waveform, such as an EEG, 
into an X-Y frequency plot that displays the component signals of 
a wave along with their frequencies (how fast), their amplitudes 
(how strong), and their dispersion (how regular). Random oscilla-
tions, called noise, and incoherent signals simply produce another 
spectrum of noise that usually contains little to no useful periodic 
information.

Clinically, the physician will encounter conditions affecting 
periodic phenomena having frequencies from annual to fractions 
of a second. At the beginning of the 21st century, and particularly 
in the realm of medical science, these are the frequencies that have 
undergone the most intensive scrutiny.

Biological Rhythm Defi nitions

A number of terms describing frequency bands within the biologi-
cal spectrum (defi ned below) have entered the biological rhythm/
oscillation lexicon. Some terms are in common use and well under-
stood as to precise meaning, for example, circadian. Individual 
research groups working in specifi c areas favor others, and there is 
overlap in meaning among investigators.

Geologic time: Pleistocene and Holocene to decades, periodic 
phenomena.

Annual, biannual, seasonal
Circatrigentan: About every 30 days (once a month).
Infradian (infradian < circadian): Relating to biological varia-

tions or rhythms occurring in cycles less frequent than every 
24 hours (35).

Circadian: Relating to biological variations or rhythms with a 
cycle of about 24 hours (35). Circadian time (CT): A stan-
dardized 24-hour notation of the phase in a circadian cycle 
that represents an estimation of the organism’s subjective 
time. CT 0 indicates the beginning of a subjective day, and 
CT 12 is the beginning of a subjective night. For example, 
for a nocturnal rodent, the beginning of a subjective night 

organismal reference clock [see “Jenna’s clocks” (17)]. This is the con-
cept of metastability in rhythm generation (18,19). The oscillation of 
electrically coupled pacemaker neurons has been, in fact, computation-
ally modeled and compared successfully with tissue preparations (20).

Still, the idea of running a machine without a reference is 
uncomfortable. At this writing, the best candidate for a reference 
timer is the circadian clock residing in the SCN in man (21), yet 
this oscillator seems inappropriate as a reference, for example, for 
discerning (22) musical pitch. How do our brains tell us that the 
various instruments of the orchestra are in tune (23), when the fun-
damental frequency may be completely absent from the sound that 
reaches our ears (24)? And why are people all over the world com-
fortable with the pitch of A set to 440 Hz (25)? [Mozart’s tuning 
fork oscillated at 421.6 Hz; however, Handel’s oscillated at 422.5 
Hz (26).] Moreover, there are pitch-sensitive neurons in marmoset 
monkeys that appear similar in pitch perception to humans (27). 
Could it be that all of life possesses a fundamental reference fre-
quency without which it could not exist?

The circadian clock is referenced to the rotation of the Earth 
(the circadian zeitgeber), specifi cally the perception of light (28). 
The Earth is a good reference. It is stable by virtue of its size and its 
nearly perfectly circular orbit about the Sun. Successful life forms 
exploit the circadian cycle to gain evolutionary advantages over less 
well-adapted organisms.

An alternative reference is the oscillation of the cellular plasma 
membrane. The membrane is a good reference because all liv-
ing things contain the same phospholipid components in their 
bilayer membranes. Further, the membrane oscillates at the high-
frequency end of the biological rhythmic spectrum, a good position 
for a reference oscillator.

As mentioned above, a reference oscillator could result from 
the mutual synchronization of all oscillators in a living system. And 
there is another consideration; there apparently is a hierarchy (29) 
among oscillators in organisms having complex multiorgan systems 
(30–32). The SCN can entrain the peripheral clocks of the heart, 
kidney, liver, and pancreas, but, apparently, these peripheral clocks 
cannot entrain the SCN. “Thus, there may be tissue-specifi c dif-
ferences in the molecular composition of the circadian clock, and 
clock components that have subtle effects on central clock function 
may play a more prominent role in the regulation of peripheral 
clocks and vice versa.” (29). For a humanistic discourse concerning 
“who sets the clock and who keeps the time,” see Ref. 33.

THE BIOLOGICAL RHYTHMIC SPECTRUM

The frequencies of biological rhythms can be considered in analogy 
to the electromagnetic spectrum of physics and chemistry, in that 
there exist frequency ranges where phenomena (and their mea-
surement) occupy essentially nonoverlapping frequency bands that 
the research community has given convenient descriptive names 
(see Ref. 34, Table 1.1, p. 2). For example, the electromagnetic 
spectrum has been partitioned into bands for x-rays, visible light, 
infrared, and microwaves, among others. Between these bands dis-
crete physical phenomena are fairly rare. These gaps, thus, provide 
convenient dividing points. Considering the biosphere and human 
physiology, one can devise analogous groupings.

(When a concept is in its infancy, investigators will describe 
their observations in terms familiar to themselves and usually in 
the language of their analytical methods. Thus, the electromagnetic 
spectrum has radio waves and gamma rays, which are studied by 
very different technologies. Considering periodic phenomena in 
the realm of biology, these phenomena also are described through 
a variety of terms that refl ect the frames of reference and the 
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clocks to adapt to seasonal changes in environment and to initiate 
reproductive activity. At the molecular level, light signals initiate 
coordinated gene-expression events in the brain, and the resultant 
increased thyrotrophin (TSH) in the pars tuberalis triggers long-
day photoinduced seasonal breeding (45).

From the perspective of medicine, sudden cardiac death increases 
during winter months in both men and women, and the heart rate-
corrected QT (QTc) interval exhibits a circadian variation. The 
question of a seasonal variation in QTc was answered through 
a retrospective analysis of 24,370 ECGs (46). It was found that 
the maximum monthly mean QTc interval for men (413 ± 18 ms; 
N = 560; P < 0.05) occurred in October, whereas the maximum for 
women (417 ± 16; N = 350; P, N.S.) occurred in March, but the 
variation for women was not signifi cant. In a similar study of sea-
sonal QT dispersion in 25 healthy subjects, again it was found that 
the winter dispersion was greatest (66 ± 21 ms) while the spring 
value was smallest (48 ± 18) (47). Thus, there exists a seasonal sig-
nal in heart rate QT interval.

For the human animal, SAD is an affective, or mood, disorder 
resulting in depressive symptoms in the winter or summer. (The 
summer condition is referred to as reverse SAD; both conditions 
mimic dysthymia.) SAD is (at least in part) a circadian rhythm sleep 
disorder that follows the seasonal darkening at high latitudes that 
shortens the light component of the circadian rhythm (48,49).

Garai et al. (50) observed seasonality in the occurrence of the 
fi rst missed menstrual bleeding in perimenopausal women, indi-
cating that human menstrual function is infl uenced by season-
ally varying environmental factors. A similar process, although in 
the reverse direction, takes place at the start of the reproductive 
span (51). Seasonal variation in the timing of menarche also has 
been described, with increased rates during summer and early win-
ter (52). In a historical sample of women born at the end of the 
19th century, fecundability, which strongly depends on menstrual 
function, was higher during late spring and late autumn, and the 
strength of the variation depended on age.

Monthly Cycles (Circatrigentan Cycles)

The menstrual cycle in humans modulates, or is modulated by, 
body temperature variability (53). In normally cycling females, 
the body temperature varies in a predictable manner within the 
menstrual cycle. This menstrual cycle variation (see Ref. 54, Fig. 1) 
is well known within clinical medicine, unlike most other sources 
of temperature variation. It is often factored into temperature 
interpretations and has been used for fertility planning purposes 
(53). In the luteal phase of the menstrual cycle, there is a rise in 
mesor (mean temperature) and a decrease in the amplitude of the 
circadian temperature rhythm. It is believed, however, that these 
changes represent corrections over a 4- to 6-day time frame and 
are not immediate responses to ovulation, thus making them mar-
ginally useful for pinpointing ovulation (54). The menstrual cycle 
variation of a biological rhythm is known as a circamensal rhythm 
and has a period approximately equal to the length of one men-
strual cycle.

Investigators have attributed circamensal rhythms to changes 
that occur in response to hormone levels during the menstrual cycle. 
For example, the menstrual cycle is modulated by a diurnal rhythm 
in free estradiol of four cycles per day (55). In addition, there is a 
circadian rhythm to serum estriol during late pregnancy (56). The 
circadian rhythm of body temperature also persists throughout 
the menstrual cycle. Thus, the menstrual cycle layers one rhythm 
on top of another existing rhythm (53). The result is a complex 
modulation of three waveforms.

(i.e., CT 12) begins with the onset of activity, whereas for 
a diurnal species, CT 0 would be the beginning of activity. 
Bourdon suggested that the term circadian should be used 
only for endogenous rhythms.

Nyctohemeral: Both daily and nightly (35), restricted to 
rhythms other than endogenous rhythms.

Ultradian (ultradian > circadian.): Relating to biological varia-
tions or rhythms occurring in cycles more frequent than 
every 24 hours (35) but usually not applied to cardiovascular 
rhythms in the nominal range of 0.003 to 2.0 Hz, although 
these frequencies are ultradian.

Nanomechanical oscillatory motion: 1 to 10 kHz (11); cellular 
oscillations up to 10 kHz are possible (36).

Cycles from Millennia to Years

There is now hard evidence from speleothems (isotopic variations 
and organics present) for the regular waxing and waning of micro-
organism populations covering periods of millennia. At least three 
cycles from 20,000 to 10,000 year BP have been documented (12). 
Data from oxygen isotope ratios in stalagmites often vary in a cyclic 
fashion and correlate with marine oxygen isotope cycles and with 
other records of global climate change (the zeitgeber). At longer 
time scales, small mammal extinctions and turnover cycles, hav-
ing periods in the range of 1 to 2.5 million years, correlate well 
with ice sheet expansions and cooling cycles that affect regional 
precipitation. It is inferred from more than 200 rodent assemblages 
from Central Spain that long-period astronomical climate forcing 
is a major determinant of species turnover [van Dam et al., their 
Fig. 0 (37)]. Imagine (if you can) what zeitgebers and what pro-
cesses exist that are capable of regulating life over such gigantic 
periods of time?

In Illinois, we experience the periodic cicada (17-year locust) 
(38). Our population, brood XIII, is one of the more spectacular 
populations in North America in terms of numbers and the timing 
of their emergence. One of the authors has personally witnessed 
the ground beneath an old Forest Preserve District oak explode 
from a condition of no insects visible to no ground visible in less 
than 30 minutes, as if someone had fi red a starting gun—a swarm, 
on cue, after 17 years, not unlike the synchronous spawning of cor-
als (39). These phenomena are periodic, most certainly; however, 
their zeitgebers are not yet fully understood nor is their commu-
nication with life cycles of higher frequency, although surely such 
communication must exist.

Annual/Seasonal Cycles

Annual cycles abound. We have all witnessed migrating geese 
(their zeitgeber appears to be temperature) and migrating mon-
arch butterfl ies. Bears and other animals hibernate or winter, usu-
ally with marked biochemical changes, as seen in frogs and toads 
(40,41), where the chemical signal for wintering may be phospho-
diesters (42) derived from the phospholipids (43). Salmon popula-
tions migrate on an annual cycle (individual fi sh every 3 to 5 years), 
even when saltwater species have been translocated into fresh water 
lacking any of the fi sh’s familiar chemical cues (44). Moreover, 
these Pacifi c Ocean species, when transplanted into (fresh water) 
Lake Michigan, migrate and spawn at the same time as their par-
ent Pacifi c population (mid-September to mid-October). Leaves 
of deciduous trees fall from the trees. The zeitgeber here is the 
rapidly diminishing daylight at the autumnal equinox.

Higher vertebrates living outside the tropics compare changes 
in photoperiod (a daylight duration zeitgeber) with their circadian 
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treatment with lentivirus containing a circadian promoter of the 
gene BMALL (71). This promoter directs the protein luciferase 
to be expressed. When the fi broblasts are infected with the lentivi-
rus, they emit photons of light according to the circadian rhythm 
of their intrinsic clock. Surprisingly, the periods of the cultured 
fi broblasts did not depend on the time the biopsy was taken or 
on the site of the skin biopsy; it did depend on the individual 
who provided the biopsy [Brown and Schibler, Fig. 2 (71)]. Biop-
sies provided by all subjects exhibited a mean circadian period of 
24.5 hours, however, which was similar to observations of others.

A number of clock genes, for example, Per1, Per2, Clock, 
Bmal1, Cry1, and Cry2, are expressed in the SCN of the hypo-
thalamus (72,73). Moreover, these genes are expressed not only in 
the SCN, but also in other brain areas, as well as in peripheral 
organs (72,74–76). “The intracellular molecular clockwork of the 
SCN consists of interacting positive and negative transcriptional-/
translational-feedback loops” (63). Maemura et al. (70) demon-
strated that the CLOCK/BMAL heterodimer transcription fac-
tor upregulated 29 genes including transcription factors, growth 
factors, and membrane receptors and that these showed circadian 
oscillation.

“For orchestrated circadian timing, the collective SCN syn-
chronizes the timing of slave oscillators, each of which is a mul-
tioscillatory entity. Synchronized slave oscillators in turn regulate 
local rhythms in physiology and behavior. A hierarchical multios-
cillatory system seems to confer precise phase control and stability 
on the widely distributed physiological systems it regulates” (77).

Rodents, which have been given an SCN lesion during a 
restricted-feeding schedule, however, are still able to anticipate 
mealtimes. This food-anticipatory activity appears to be mediated 
by the circadian oscillator because entrainment of this activity is lim-
ited to the circadian range (22 to 31 hours) (30,31). Thus, there are 
at least two types of biological clock oscillator: a light-entrainable 
oscillator, which is found in the SCN, and a feeding-entrainable 
oscillator the location of which was unknown to Damiola et al. in 
2000 (32). Restricted feeding is an entraining signal for peripheral 
tissues (32,76,78), similar to light for the SCN. Peripheral clock 
entrainment by brain-driven fasting-feeding cycles allows periph-
eral tissues to anticipate daily fasting and daily feeding, potentially 
optimizing processes for food ingestion, metabolism, and energy 
storage and utilization (76). Such peripheral zeitgebers, however, 
do not entrain the SCN.

The circadian rhythm of mice is entrained by the LD cycle 
when food is plentiful; however, when access to food is restricted 
to the normal sleep cycle, mice shift many of their circadian 
rhythms to match food availability. A key transcription factor is 
BMAL1, which can be specifi cally disrupted (76). Restoration 
of BMAL1 within suprachiasmatic nuclei of the hypothalamus 
restores light-entrainable, but not food-entrainable, circadian 
rhythms. Restoration of this gene only in the dorsomedial hypo-
thalamic nucleus, however, restores food entrainment but not light 
entrainment (79).

For opaque mammals, such as humans, light resets (28,80) 
the time of the central pacemaker in the SCM via ocular mecha-
nisms, and the SCN clock then synchronizes peripheral oscillators 
via signal modulations, neuronal connections, or chemical signals. 
The peripheral clocks of semitransparent organisms, however, 
can be light entrained directly via nonocular mechanisms (81), as 
can the peripheral organ clocks of vertebrate tissues (82). Results 
from zebrafi sh heart and kidney tissue cultures indicate that the 
circadian system in vertebrates exists as a decentralized collection 
of peripheral clocks. Each tissue is capable of detecting light and 
using that signal as the zeitgeber to set the phase of the clocks they 

In another example of a chemical entity acting as an entraining 
exogenous zeitgeber, this time between individuals, the existence of 
human pheromones was fi rst suggested by the demonstration that 
women living together can develop synchronized menstrual cycles 
under specifi c conditions (57). The process (in rats) is mediated by 
two different pheromones (58). In a human study involving stu-
dents and staff at The University of Chicago, odorless compounds 
from the axilla of women in the late follicular phase of their men-
strual cycles accelerated the preovulatory surge of luteinizing hor-
mone of recipient women and shortened their menstrual cycles. 
In a reciprocal action, compounds collected later in the cycle (at 
ovulation) had the opposite effect (59).

Regarding sleep-wake and rest-activity rhythms, the phase of 
circadian rest-activity rhythm may be modulated by the menstrual 
cycle; however, the sleep-wake cycle in normally cyclic healthy 
women does not appear to be affected (60).

Axoplasmic Flow (10 days)

Axoplasmic fl ow (macromolecules synthesized in hypoglossal nerve 
cell bodies and conveyed proximodistally in the axoplasm) oscil-
lates with a period of 10 days (see Ref. 61, Fig. 5). This transport 
of neuronal protein was assessed using radioautography of incorpo-
rated tritiated leucine in the innervated muscle.

Circadian Rhythms (Frequency about 1 day, 24 hours)

The Earth’s daily rotation about its axis has imposed potent selec-
tive pressures on organisms. The fundamental adaptation to the 
environmental day–night cycle is an endogenous 24-hour clock 
that regulates biological processes in the temporal domain. This 
clock coordinates physiological events around local (geophysical) 
time, optimizing the economy of biological systems and allowing 
for a predictive, rather than purely reactive, homeostatic control. 
Circadian clocks contribute to the regulation of sleep and repro-
ductive rhythms, seasonal behaviors, and celestial navigation (62).

So what are the circadian rhythms? They are the external 
expression of an internal timing mechanism that measures daily 
time (63). (For light entrainment, see Ref. 28; for a review of light 
effects on humans, see Ref. 64.)

Circadian rhythms, such as locomotor activity, body tempera-
ture, and endocrine release, are regulated by a master pacemaker 
located in the SCN (65) that has a period of 24.18 hours (66). (For 
a perspective, see Ref. 67.) The circadian rhythm, which is regu-
lated by the SCN clock, is reset by the environmental light–dark 
(LD) cycle (28), and this oscillation is called the light-entrainable 
oscillation (65). “The SCN imposes its rhythm on to the body 
via three different routes of communication: (a) The secretion of 
hormones; (b) The parasympathetic; and (c) The sympathetic. 
Imposed on these routes of communication are feedback loops” 
(68). The nature of these feedback loops is incompletely understood. 
They exist, however, as a myriad of dynamically counterbalanc-
ing entities, such that the whole refl ects an integrated communi -
cations web.

The biological circadian clock was believed to be physically 
located exclusively in the SCN. However, cloning of the clock 
genes in the late ’90s (for genetic and physical mapping, see Ref. 69) 
revealed that clock genes are expressed and oscillate with a circadian 
rhythm in each organ or cell, suggesting that each organ or cell has 
its own internal clock. These clock systems are called the peripheral 
clocks in comparison with the central clock in the SCN (70).

Concerning the timing of circadian clocks in tissues, fi broblasts 
from human skin biopsies were examined in culture following 
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and the KaiC protein returns to the unphosphorylated state. 
The KaiA protein regulates these transitions by promoting auto-
phosphorylation and inhibiting autodephosphorylation by KaiC.

It is known that phosphorylation-dephosphorylation by itself 
does not create an oscillator; however, in this zeitgeber system, the 
serine-phosphorylated form of KaiC (S-KaiC) binds stoichiomet-
rically to both KaiA and KaiB. The formation of the three-protein 
complex prevents KaiA from activating KaiC phosphorylation. 
Thus, when the concentration of S-KaiC is high, KaiA is sequestered 
by S-KaiC and KaiB, and KaiC dephosphorylation predominates. 
When S-KaiC is low, KaiA is released and KaiC phosphorylation 
is activated. The rate that the clock ticks is, thus, regulated by the 
rate of a chemical reaction, which depends on the concentration of 
a key reactant—simple but elegant physical chemistry.

Although eukaryotic oscillators do not appear to operate the 
same way, and none have the three protein KaiA, KaiB, KaiC sys-
tem, the design principles of the two oscillators are quite similar. 
Both circuits include double-negative-feedback loops that mitigate 
function as bistable triggers, and both include slow negative-
feedback loops (63,77) for tunability and robustness (93). Robust-
ness and tunability are essential elements of oscillatory systems, be 
they gene circuits or circadian clocks. We now have the ability to 
generate such oscillators in synthetic biological systems (94–96).

A feature of circadian clocks in both animals and plants is 
the incorporation of feedback loops. In plants, cyclic adenosine 
diphosphate ribose modulates the circadian oscillator’s feedback 
loops and drives circadian oscillations of Ca++ release (97). In mice, 
phosphorylation by nutrient-responsive AMP-activated protein 
kinase enables the clock component cryptochrome to transduce 
nutrient signals to circadian clocks (98,99).

[Using DNA microarray technology, which is facile and rapid, 
temporal patterns of gene expression may be determined in whole 
organisms. Applied to the yeast cell cycle, Holter et al. (100) char-
acterized the patterns of gene expression as consisting of two sinu-
soidal modes, each with a period of 2 hours, and about 30 minutes 
out of phase. Plotting the weights of these two functions for each 
gene monitored provides a graphical representation of the sequence 
that genes turn on and off. This clock mechanism operates at the 
level of gene expression; its action can be expected to modulate the 
activity of all other clock mechanisms by regulating the availability 
of clock proteins. The authors state, “…the complex ‘music of the 
genes’ is orchestrated through a few simple underlying patterns of 
gene expression change.”]

The Redox State and Circadian Rhythms

“The concept that circadian rhythmicity and redox state are neces-
sarily and intimately linked is widely accepted” (101). The relation-
ships among cyclical melatonin production, oxidative stress, and 
circadian rhythms in a variety of organisms have been discussed at 
length (102).

The sirtuins, which are a highly conserved family of NAD+ 
enzymatic silencing factors, have been connected to activities that 
encompass cellular stress resistance, genomic stability, tumorigen-
esis, and energy metabolism (103). SIRT1 (one family member) 
directly modifi es core components of the circadian clock machin-
ery, thus, for the fi rst time, linking enzymatic genomic regulation 
with at least one established biorhythm (104,105).

Circadian Rhythms and Mental Health

A link between the circadian oscillation and Seasonal Affective 
Disorder (SAD) has been established, providing a proof of principle 

contain (82). Such a capability could impart a survival advantage to 
semitransparent fi sh embryos and fry.

Astronauts were examined during protracted space fl ight (83), 
where the circadian period (or absence thereof ) is artifi cially estab-
lished by the shorter orbital period of the space station. Systolic 
and diastolic blood pressures and heart rate were determined at 
24-, 12-, and 8-hour intervals: (a) Systolic blood pressure during 
sleeping hours showed an unprecedented increase during space 
fl ight; (b) The approximately 24-hour circadian rhythms of blood 
pressure and heart rate shortened during the early stages of space 
fl ight, but after 6 months reverted to the established 24-hour fl ight 
activity cycle; and (c) Even during space fl ight, the periodic com-
ponents of blood pressure and heart rate were preserved.

Regarding the diffusible gas neurotransmitter nitric oxide 
(NO), there is a circadian oscillation in urinary nitrate and cyclic 
GMP excretion rates, which are two marker molecules for systemic 
NO production in healthy humans. NO production is increased in 
the morning, concomitantly with the morning increase in blood 
pressure, indicating that NO may buffer blood pressure increase. In 
hypertension (HT), diurnal variation in these NO markers is absent, 
suggesting impaired NO formation in HT. The major change in 
peripheral arterial occlusive disease is an increased nitrate/cyclic 
GMP ratio, which points to increased oxidative inactivation of NO 
in this disease (84).

Regarding ocular tissues, there are circadian rhythms in axial 
elongation and choroidal thickness. Part of the underlying mecha-
nism controlling the rhythm in elongation is the circadian rhythm 
in scleral proteoglycan synthesis (in isolated tissues) (85). More-
over, in the absence of temporal cues, a 24-hour rhythm in chor-
oidal NO synthesis persists, indicating the presence of a circadian 
oscillator in the isolated tissue. Peak NO synthesis is coincidental 
with the peak in choroidal thickness in normal eyes, suggesting 
that NO might mediate the observed diurnal changes in choroidal 
thickness (86). [8-Nitro-guanosine 3¢,5¢-cyclic monophosphate is 
a new NO messenger that contains an NO2 group on the purine 
ring system of (cyclic) GMP. This discovery further illuminates the 
downstream effects of NO that could be relevant to NO-linked 
biological responses and diseases (87).]

The Circadian Clock
The zeitgeber (3,4) for the circadian clock is light (28), although 
with man social zeitgebers also are important (88). The physiologi-
cal circadian oscillator, however, resides within cells, and it can be 
relatively simple and remarkably regular. For example, three pro-
teins, KaiA, KaiB, and KaiC [kai, Japanese for cycle; KaiC crystal 
structure at 2.8 Å resolution (89,90)] were identifi ed as important 
for the daily activity of the cyanobacterium Synechococcus elongates. 
In a reconstituted system where these three proteins were mixed 
with adenosine 5¢-triphosphate in a test tube, they spontaneously 
generated sustained oscillations in the phosphorylation state of one 
of the proteins (91,92).) Mutations in the KaiC protein changed 
the circadian rhythm in a manner identical to the results obtained 
in vivo. The oscillations arise from the slow, orderly addition and 
then subtraction of two phosphates from the KaiC protein. Phos-
phorylation-dephosphorylation is a well-established mechanism 
for regulating a protein’s function. If the protein is part of a net-
work of interacting factors, then its phosphorylation status may 
relay information that affects some cell behaviors.

Reversible phosphorylation usually occurs on a time scale of 
seconds or minutes and seems poorly suited for a clock ticking once 
a day; however, KaiC is phosphorylated at two sites and in a par-
ticular order: fi rst on a threonine residue and then on a serine. Sub-
sequently, the threonine and then the serine are dephosphorylated, 
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The contractile lymphatic elements of the bat Myotis lucifugus 
can generate as high as 6 to 8 mm Hg pulsatile pressure at a rate 
of nine contractions per minute [0.15 Hz, measured in the wing by 
light microscopy at 640× (111)]. Lymph fl ow in the thoracic duct 
(anaesthetized and unanesthetized adult sheep) was determined by 
ultrasound transit time fl ow and found to be 5.2 ± 0.8 per minute. 
The prominent pulsatile signal has no relation to heart or respira-
tory rates (see Ref. 112, Fig. 2). The human leg generates pulses 
ranging from 1 to 9 per minute, with an average of 4 per minute. 
“Each pulse wave lasted for six to eight seconds—in most cases for 
six seconds” (113).

The nasal cycle [the phenomenon of relative nostril dominance 
(114)] exhibits a cycle that varies between 2 and 8 hours among 
subjects, with an average value of about 3 hours (115).

Skin-surface properties revealed, in addition to the circadian 
rhythm [forehead, forearm, shin (116,117)], ultradian (harmonic) 
cycles of 12 and 8 hours [face and forearm (117)]. Transepider-
mal water loss revealed a bimodal circadian rhythm with two peaks 
located at 08:00 and 16:00 along with the 12 and 8 hour harmon-
ics. The 8-hour cycle also was detected for sebum excretion. The 
12- and 8-hour signals were not detected for measurements of skin 
capacitance, pH, or temperature (117). Although not specifi cally 
reported by the authors, an 8-hour harmonic is apparent in the 
control record from the transmeridian (Chicago/Cologne) diur-
nal excretion pattern of 17-hydroxycorticosteroids [see Ref. (118), 
Fig. 1, top chart].

Autonomic Rhythms (Frequency Range 0.66/h 
to 30/min; 0.0004 to 0.5 Hz)

In 1942, using simultaneous pneumoplethysmographie of the tips 
of the fi ngers and toes and the posterosuperior portion of the pinna, 
Burch et al. (119) were able to differentiate fi ve types of pressure 
waves (pulse wave, respiratory wave, and a, b, and g waves) and 
obtain relative quantifi cation of the contribution of each signal to 
that of the total waveform. In later work (120), these signals are 
attributed to the pulse, respiration, the 0.1 Hz oscillation [a, asso-
ciated with the barorefl ex and often referred to as the Mayer wave 
(121,122)], and a signal at about 0.02 Hz [b, associated with the 
thermorefl ex (9,123)]. The g wave varied in frequency from 1 to 8 
per hour, with a mean value of 40 minutes (119); it has no assigned 
physiological function. (One half-cycle of this wave can be seen 
as the baseline slope in Figure 11.7.) Considering the plant King-
dom, the NADH oxidase activity of soybean plasma membranes 
oscillates with a temperature-compensated period of 24 minutes 
(124).

The 0.1 Hz oscillation exhibits the same frequency range as the 
cranial rhythmic impulse (CRI) and exhibits a characteristic sinu-
soidal waveform (Fig. 11.1) that may be determined through a wide 
range of instrumental methods: Plethysmography (119), photoelec-
tric plethysmography (123), transcranial bioimpedance (125,126), 
NADH fl uorescence and refl ectance spectrophotometry (127,128), 
functional MRI (129,130), infrared (from acupuncture needles) 
(131), ultrasound (132,133), cranial bone movement (125,134), 
pulsatile (2 MHz) echo-encephalography (135), and including the 
sphygmometry of Louisa Burns (see Ref. 136, last fi gure, p. 59). 
Of particular importance among these studies are those involving 
brain cortical refl ectance, where the oscillation was recorded in the 
absence of blood fl ow (127,128). Imaging of scattered and refl ected 
light from the surface of neural structures can reveal the functional 
architecture within large populations of neurons. These techniques 
exploit, as one of the principal signal sources, refl ectance changes 
produced by local variation in blood volume and oxygen saturation 

that circadian rhythms that are out of sync could underlie some 
mood disorders. Psychiatrists working with small patient groups 
have shown that correcting abnormal circadian rhythms can treat 
these disorders and also can benefi t patients with neurodegenera-
tive diseases, such as Alzheimer’s. “The circadian model is clearly 
beginning to bear fruit,” says David Avery, a psychiatrist at the 
University of Washington School of Medicine in Seattle. “It is 
logically getting extended beyond SAD and should lead to better 
treatments for a number of psychiatric disorders (48).”

Further, and logically, irregularities in higher frequency rhythms 
that are synchronized with the circadian rhythm, or that originate 
in the same neurological networks as the circadian rhythm, also may 
adversely impact mental health, and, conversely, treatment of such 
rhythmic irregularities may benefi t mental well being. For example, 
humans can be classifi ed as “larks,” who are at their best in the 
morning, and “owls,” who are more effective at night. In industrial-
ized societies, it has been suggested that people suffer from “social 
jet lag” because their innate circadian rhythms or chronotypes are 
out of phase with their daily schedule (106).

Stem Cells

“Haematopoietic stem cell (HSC) release is regulated by circadian 
oscillations.” (107) The number of HSC progenitors oscillated in 
synchrony with a steady-state, 12-hour light/12-hour dark cycle, 
peaking 5 hours after initiation of light (Zeitgeber time, ZT5) and 
reaching the nadir at ZT17 (P = 0.005). The number of HSCs in 
the circulation (mice) at ZT5 is twofold to threefold that at ZT17. 
“These results suggested that photic cues, processed in the central 
nervous system, could infl uence the traffi cking of HSCs in unper-
turbed steady-state animals.” HSC release is triggered by rhythmic 
expression of Cxcl12 in the bone marrow.

Ultradian Rhythms (Frequency Restricted Here to 
Higher Than 1/24 hours but Lower Than 1/minute

Defi nition: The Traube-Hering-Mayer (THM) oscillation, respi-
ration, the cardiac rhythm, the pulse, the activity of neurons, the 
oscillation of the cellular membrane, and the angular velocity of 
molecular motors all exhibit ultradian rhythms. For the purpose 
of this work and in deference to current usage in the biomedical 
literature, we defi ne the ultradian band to be that set of frequencies 
lying between the circadian band (once per 24 hours) and the low-
frequency THM oscillation of hemodynamics (once per minute).

In analogy with the response of luteinizing hormone and fol-
licle-stimulating hormone to pulsatile administration of gonado-
tropin-releasing hormone, an ultradian pulsatile secretory pattern 
has been described for all the classic fuel-regulatory hormones, 
including insulin, glucagon, growth hormone, cortisol, and epi-
nephrine (see Ref. 108, for a review). The dominant signal for 
cortisol exhibited a period of one cycle per 80 to 90 minutes; a 
second signal with a power approximately 50% of the dominant 
signal occurred at a frequency of 240 min/cycle (see Fig. 2 of Ref. 
108). Examining normal subjects, Sonnenberg et al. (109) found 
that the ultradian insulin secretion pulses with a periodicity of 75 
to 115 minutes. In the in vivo canine pancreas, a nicotine-stimu-
lated insulin release (period 7.6 ± 0.6) was blocked by the post-
synaptic nicotinic receptor antagonist a-bungarotoxin, providing 
evidence that pancreatic ganglia may have a role in the generation 
of oscillatory hormone release (2). Insulin secretion has a com-
mon pacemaker (the hypothalamus) or a mutually entrained pace-
maker with the cardiovascular, autonomic, and neuroendocrine 
systems (110).
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appear to entrain with circadian or ultradian rhythms; however, 
the signal’s amplitude does follow a circadian oscillation (147). 
Note that with borderline hypertensive subjects, the 0.1-Hz 
wave is shifted to lower frequencies (0.084 Hz/d) and displays a 
marked circadian frequency modulation (0.075 Hz, night). The 
lowered frequency observed with borderline hypertensive sub-
jects is indicative of an increased risk for developing essential 
HT (151).

The infl uence of three types of breathing (spontaneous, fre-
quency controlled [0.25 Hz], and hyperventilation with 100% 
oxygen) and apnea on RR interval, photoplethysmographic arterial 
pressure, and muscle sympathetic rhythms was determined (152). 
Coherence among the detected signals (0.05 to 0.5) varied as func-
tions of both frequency and time. The mode of breathing did not 
infl uence these oscillations, and they persisted during apnea. The 
data document the independence of these rhythms from the respi-
ratory activity and suggest that the close correlations that may exist 
among arterial pressures, RR intervals, and muscle sympathetic 
nerve activity at respiratory frequencies result from the infl uence of 
respiration on these measures rather than from arterial barorefl ex 
physiology. The results indicated that correlations among auto-
nomic and hemodynamic rhythms vary over time and frequency, 
and, thus, are facultative rather than fi xed. We, however, do not 
agree with this interpretation but consider signal coherence a regu-
latory mechanism that if disrupted stimulates network components 
to create corrective responses.

Feedback loop mechanisms for generating the 0.1-Hz oscilla-
tion independent of zeitgeber regulation from the cerebral cortex 
fail to address the work of Dóra and Kovách (127). Their observed 
slowing of cortical oscillations (observed using fl uorometric tech-
niques directly assessing the cortex) by pentobarbital resembled the 
effects of barbiturates on cortical PO2 and blood fl ow oscillations 
described by others (153,154). This suggests an underlying energy-
dependent mechanism. The occasional absence of blood volume 
cycles during persistent cyt aa3 redox fl uctuations (in unanesthe-
tized cats), and the complete postbarbiturate abolition of blood 
volume oscillations during continued persistent cortical cyt aa3 oscil-
lations, “strongly suggest that the cyclic increases in cortical oxida-
tive metabolism represent the primary oscillatory process, followed 
by refl ex hemodynamic changes.” (128). Our prejudice is that there 
exists a 0.1-Hz oscillator and that it is located in the brain, perhaps 
in the SCN. Moreover, it is the amplitude of this signal and its 
dispersion that may be affected by cranial manipulation, but not its 
central frequency. Yet, although there is strong evidence for a cen-
tral oscillator as the generator for the 0.1-Hz oscillation, there also 
is strong evidence supporting a resonance phenomenon (155,156) 
in the baroreceptor refl ux loop (157). The matter, therefore, must 
be considered unresolved as of this writing.

Neurons, Impulse Trains (Frequencies up to 30 Hz)

The EEG record may be used to produces a plot of brain electrical 
activity, which in its simplest form is displayed as a time-domain 
plot of energy (voltage) as a function of time. The data also may 
be processed into two-dimensional brain plots or transformed via 
a FT procedure, into frequency-domain plots analogous to that 
presented in Figures 11.10 and 11.13. The raw EEG is usually 
described in terms of frequency bands: delta < 4 Hz; theta, 4 to 
8 Hz; alpha, 8 to 12 Hz; beta, 12 to 36 Hz, and gamma >36 Hz. 
These bands, which represent the summed output of brain electri-
cal activity at the position on the skull of the sensing electrode, can 
be used to assess the functional state of the brain and to document 
pathologies.

related to neural activity. It was found that a major source of vari-
ability in the captured light signal was a pervasive 0.1 Hz oscilla-
tion (137). Our work utilizing fl owmetry to assess the signals in 
this band in the context of cranial osteopathy is presented below 
under the heading, “Osteopathic Manipulative Medicine and the 
Traube-Hering-Mayer Waveform.”

With respect to the barorefl ex in cardiac physiology, two 
mechanisms are invoked to explain rhythms of arterial pressure and 
RR interval occurring between 0.003 and 0.05 Hz (b signal, 0.18 
to 3/min); the fi rst of these is thermal regulation. This signal can 
be entrained by very-low-frequency thermal stimulation (such as 
alternating immersion of the arm in warm and cold water) (138). 
Based upon such data, Hyndman (138,139) suggested that they 
refl ect thermoregulation, and Eckberg (140) agrees. There are no 
published data, however, to indicate whether human core tempera-
ture fl uctuates spontaneously at these frequencies.

In a second proposed mechanism, RR interval rhythms are mod-
ulated by the renin-angiotensin-aldosterone system (141). Angio-
tensin-converting enzyme blockade augmented these RR rhythms 
in postinfarction patients (142); similar results were obtained using 
healthy volunteers (143). The incitant cranial manipulative proce-
dure of bilateral temporal bone rocking specifi cally augments the 
low-frequency signal at 0.1 Hz (8). During the CV-4 procedure, 
the 0.1 Hz signal is suppressed until the still point is achieved. 
Upon release by the physician, this signal rebounds to levels signifi -
cantly greater than that determined for the pre-treatment control 
(144). “This response to CV4 as measured by the laser-Doppler 
fl ow meter was mirrored in the changes seen in heart rate variabil-
ity” [from poster (145)]. Heart rate variability calculated from the 
ECG and the cardiac component of the fl owmetry record demon-
strated a correlation of 0.97 (P < 0.00, refl ecting fl owmetry’s ability 
to detect RR interval with accuracy. The “Traube-Hering compo-
nent of the laser-Doppler-fl owmetry wave (0.08 to 0.15 Hz), when 
compared with the low-frequency component of ECG/heart-
rate-variability (0.08 to 0.15 Hz), demonstrated a correlation of 
0.712 (P = 0.00); this refl ects simultaneous changes between the 
Traube-Hering component of the laser-Doppler-fl owmetry wave 
and heart rate variability” (146). The RR interval also is entrained 
by the circadian rhythm (147), and is modulated by the liver 
(63,148) and kidney (63) peripheral clocks, blood pressure (83), 
and NO synthesis (84). (More under “Entrainment.”)

Power spectral analysis of the RR interval in heart rate yields 
two prominent and well-characterized signals, the low-frequency 
domain signal (0.08 to 0.12 Hz) and the high-frequency domain 
signal (0.23 to 0.27 Hz). These signals provide an index of cardiac 
vagal activity (149). For example, after 15 days bed rest in a 6-degree 
head-down tilt position (N = 8 subjects), the spectral power of both 
signals was reduced approximately 50% (P = 0.012 and 0.017), with 
essentially no difference in the ratio of low- to high-frequency sig-
nals, which is an index indicative of cardiac sympathetic activity 
(P = 0.49) (150). The authors concluded that prolonged head-
down-tilt bed rest reduced cardiac vagal activity, while changes in 
cardiac sympathetic activity were indistinguishable.

In a spectral power analysis involving systolic pressure, RR 
interval, and capillary blood fl ow, the prominent signal in this spec-
tral band was found to lie in the region between 0.05 and about 
0.2 Hz (3 to 12/min, centered at 0.1 Hz) in subjects having a rest-
ing breathing rate of 18/min (0.25 to 0.35 Hz). One hypothesis 
explains this signal as representing a simple cause-and-effect arte-
rial barorefl ex mechanism. A competing hypothesis attributes this 
signal to a “resonance,” with the periodicity dictated by the time 
constants of norepinephrine release, vascular responses, and dis-
sipation of vascular effects. The frequency of this signal does not 
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dynein motors move along microtubules (164,165). In certain 
situations, cells can generate oscillatory motion. The periodic 
motions of cilia and fl agella are examples of such mechanical oscilla-
tion. The common structural feature of these cilia and fl agella is the 
axoneme, a well-conserved machine composed of microtubule dou-
blets organized in a cylindrical fashion. The activity of the dynein 
molecular motors coupled to the microtubules leads to periodic 
bending deformations and waves. Note that these waves are motions 
at the molecular level, very small relative to the macroscale of ordi-
nary objects, so their frequencies can be expected to be very high.

The cellular wall of living Saccharomyces cerevisiae (baker’s 
yeast), the only organism for which the vibration of the cellular 
envelope has been measured, oscillates at 1,600 Hz on the high end 
of its frequency range [range: 0.8 to 1.6 kHz (11)]. This is a funda-
mental oscillation at the level of a single cell; it is energy dependent 
and can be blocked by metabolic inhibitors. The magnitude of the 
forces observed suggests that concerted nanomechanical activity is 
operative in the cell. The authors believe “The observed motion 
may be part of a communication pathway or pumping mechanism 
by which the yeast cell supplements the passive diffusion of nutri-
ents and/or drives transport of chemicals across the cell wall.”

The plasma membrane of the animal cell ought to behave sim-
ilarly, although its fundamental frequency could be considerably 
greater, since the animal cell in not constrained by a rigid cell wall. 
The spring constant of the animal membrane is approximately 
0.002 N/m, that of the yeast 0.06 N/m, a difference of 30-fold, 
which conceivably could permit an oscillation as high as 54 kHz 
for the animal membrane, only 10-fold less than the commercial 
AM radio band. This cellular oscillation is an excellent candidate 
for an endogenous zeitgeber at the cellular level. It resides at the 
high end of the biological spectrum, which is an excellent position 
for a reference frequency, particularly if cellular membrane oscilla-
tions may be entrained, as in “brainwave synchronization,” increas-
ing net signal power. But that is another story (167).

The Integument as Antenna (Frequency Gigahertz)

Sweat ducts are capable of picking up 100-GHz radiation, the 
extremely high-frequency range lying between microwaves and 
terahertz radiation (168). This antenna behavior arises from the 
helical shape of the ducts. The ducts, which are fi lled with an elec-
trolyte, act like coils of wire, that is, an inductance that resonates 
with radiation across the millimeter and submillimeter wavelength 
band. This helical antenna array makes skin a kind of biological 
metamaterial, in which the array’s response to electromagnetic 
radiation is determined by physiological structure rather than com-
position. The spectral response has been correlated to physiological 
stress (see Ref. 168, Fig. 5).

ENTRAINMENT

Entrain: To mount a movement. Webster’s: the process of carry-
ing along or over (169). And what is carried along? Information is 
carried along.

Oscillations in Biological Communications

The scientist thinking about observations makes productive use of 
quiet time. In 1665, the Dutch physicist and inventor of the pen-
dulum clock, Christiaan Huygens, was confi ned to his room by a 
minor illness. With nothing to do, he observed two of his clocks 
that were suspended by a common support and noted that they were 
locked in perfect synchrony and remained that way. Even if one was 

Employing the above EEG system of bands, Werntz et al. 
(158) demonstrated that relative changes of electrocortical activ-
ity have a direct correlation with changes in relative nostril domi-
nance (the nasal cycle). In this cycle, the effi ciency of breathing 
alternates predominantly through the right or the left nostril with 
a periodicity ranging from 25 to greater than 200 minutes. A rela-
tively greater integrated EEG value in one hemisphere correlates 
(P < 10−6) with predominant airfl ow in the contralateral nostril, 
establishing an interrelationship between cerebral dominance and 
peripheral autonomic nervous function.

Crosstalk between EEG bands, manifested as phase entrain-
ment and amplitude modulation, has been documented (159). 
When low-frequency visual stimuli are presented at an appropriate 
rate, the low-delta band EEG oscillations of the cortex [~1.3 Hz 
(160)] entrain to the low-frequency stimulus, and the higher corti-
cal frequencies (30 to 70 Hz gamma-band neuronal oscillations 
that appear integral to visual attention) are modulated in phase 
with the low-frequency band. A key functional property of these 
oscillations is the rhythmic shifting of excitability in local neuronal 
ensembles. It has been demonstrated (159) that when the stimuli 
are in a rhythmic stream, the delta-band oscillations in the pri-
mary visual cortex entrain to the rhythm of the stream, resulting 
in increased response gain for task-relevant events and decreased 
reaction times. Through hierarchical crossfrequency coupling, the 
delta phase also determines momentary power in higher-frequency 
activity. Consequently, cells become most excitable at the times 
when the stimulus is expected.

Regarding neuronal network processes, such as perception, 
attentional selection, and memory, gamma oscillations of the hip-
pocampus split into distinct high- and low-frequency components 
that differentially couple to inputs from the medial entorhinal cor-
tex, an area that provides information about an animal’s current 
position, and a hippocampal subfi eld essential for storage of such 
information. These two types of gamma oscillation occur at dif-
ferent phases of the theta rhythm and mostly on different theta 
cycles. The results suggest routing of information as a possible 
function of gamma frequency variations in the brain and provide a 
mechanism for temporal segregation of information from different 
sources (161).

Thirteen examples of regular SCN cellular oscillations are 
shown by van den Pol and Dudek (162) in their treatise on com-
munication within the SCN. Their Figure 3A illustrates a regular 
period of 100-ms pulses obtained from SCN slices. By contrast, 
calcium-induced oscillations in these same tissues exhibit a period 
of about 20 seconds, while glutamate induces calcium waves having 
a period of about 35 seconds.

Bendor and Wang (27) demonstrate the existence of neurons 
in the auditory cortex of marmoset monkeys that respond to both 
pure tones and missing fundamental harmonic complex sounds 
having the same fundamental pitch, providing a neural correlate 
for pitch constancy. These pitch-sensitive neurons are located in a 
low-frequency cortical region near the anterolateral border of the 
primary auditory cortex, and this fi nding is consistent with the 
location of a pitch-sensitive area identifi ed in humans (163).

The Cellular Envelope (Frequency ≥1.6 kHz)

Cellular movements are generated at the molecular level by protein 
molecules that convert chemical energy into mechanical work (36). 
Prominent examples are the linear (164,165) and rotational motors 
(166) of eukaryotic cells. The linear motors are specialized to work 
by interacting with paired fi laments of the cytoskeleton. Myosin 
motors generate motion along actin fi laments, while kinesin and 
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that is, reset, by a signal (physical, chemical, or electrical) external 
to the cell. Cells organized into tissues may mutually entrain 
themselves to generate an output signal of amplifi ed power for the 
purpose of regulating an organ or set of organs. Such cells in the 
tissues of higher organisms may be entrained by the cellular milieu, 
which is external to individual component cells but internal to the 
organism. All cells can be entrained by the ecosystem in which 
they or their parent organism resides. The ecosystem signal may act 
directly on individual cells, for example, light through a transpar-
ent zebrafi sh juvenile, or indirectly through a signal transducing 
system, such as the photoreceptors and neurons of optical tissues 
in vertebrates. Moreover, bacteria have now been genetically engi-
neered to coordinate their molecular timepieces (172). Cells in tis-
sues also can be entrained by other signal generating tissues. Thus, 
our thermal regulating system and our blood pressure follow our 
circadian clock, and the RR interval in heart rate can be entrained 
by respiration.

Modulations, Mechanisms for Communication

An oscillating (periodic) wave can be varied in order to convey a 
message. For example, the sound of a trombone (the carrier wave 
form) may be varied in volume (amplitude), timing (rhythm, beat), 
and pitch to convey a musical message that is detected by our 
ears and processed by our brains. Ordinarily (but not necessarily 
always), a high-frequency sinusoid waveform, usually the highest 
frequency in any system, is used as a carrier signal. The three (key) 
signal parameters of amplitude (“volume”), phase (“timing”), and 
frequency (“pitch”) are modifi ed through interaction with a (usu-
ally) lower-frequency information signal to obtain the modulated 
signal. On the receiving side, a demodulator performs an inverse 
operation on the modulated signal to retrieve the original informa-
tion. The information can be high or low frequency, coherent or 
incoherent in phase or not, and analog or digital in format.

In amplitude modulation, the frequency of the carrier wave-
form does not change but its strength varies with the modulating 
signal. Arterial pressure is modulated by the RR interval (140). In 
cranial treatment, manipulation amplifi es the 0.1 to 0.2 Hz wave-
form in bloodfl ow velocity (8,144,173).

In frequency modulation, the strength of the carrier wave 
remains constant but the frequency of the carrier wave is changed. 
An identifi ed 21% change of frequency of the 0.1 to 0.2 Hz wave-
form in bloodfl ow velocity (120,174) and heart rate variability 
(141) are examples of frequency modulation.

Phase modulation, which is modulation of the timing of the 
onset of a waveform with respect to a second waveform of the same 
amplitude and frequency, also is of considerable interest. The best 
example in biology is the phenomenon of jetlag, which involves 
resetting the phase of the circadian rhythm with respect to the 
destination’s meridian following long-distance jet travel (175,176). 
The phase shifts of human biological rhythms observed in aircrews 
operating transoceanic routs are well documented (118,175–178); 
measurements have been recorded of sleep, fatigue, EEG, EMG, 
temperature, ECG, urine constituents, catecholamines, as well as 
outcomes records, including self-ratings, performance evaluations, 
sleep logs, and the Stanford Sleepiness Scale (179).

In digital modulation, a digital bit stream of either equal length 
signals or varying length signals modulates an analog carrier wave, 
and there are a multitude of digital modulation techniques. In a 
hypothetical scenario, nerve axon impulse trains could modulate the 
kHz signal of the cell membrane. We are not aware of any docu-
mented example of digital modulation in biology. The phenom-
enon, however, is possible, and, further, it would not be restricted to 

stopped and restarted out of phase with the other, synchrony would be 
regained shortly. Only if they were relocated to opposite sides of the 
room could the lockstep of their pendulums be disrupted. Thus was 
initiated a subbranch of mathematics: Theory of coupled oscillators. 
The Universe has ample examples of coupled oscillators: The realm 
of biology is particularly so (10). In the life sciences, in phenomena 
observed in medicine, oscillators appear to communicate through 
three basic modes: synchrony, commonly referred to as entrainment; 
modulation, our familiar AM and FM radio; and timing or phase.

Entrainment

Entrainment (synchrony) is what Huygens observed, oscillators 
in lockstep. The oscillators in this coupled system have the same 
frequency and the same phase. (They are each at the same point 
in their cycle. Imagine a wall full of identical clocks, each with its 
pendulum making the same angle with its clockwork, the wall, and 
the fl oor.) Groups of cells in local tissue clocks tick this way.

Should one cell fall off the pace, small corrective forces bring 
it back into synchrony at the mean frequency of the aggregate, the 
center-band output. How well the cellular aggregate does this is 
refl ected in the amplitude and dispersion of the output signal at the 
mean frequency of the clock.

Amplitude (the power of the signal) is a measure of the strength 
of each component signal and the number of component signals 
in the aggregate. Further, it is a measure of signal dispersion, that 
is, how close is the frequency of each component oscillator to the 
mean frequency? And, additionally, how close is the phase of each 
oscillator to the mean phase of the aggregate? (They are at the same 
frequency, exactly, but have they fallen behind or are they running 
ahead, i.e., where on the circumference of a circle do they lie, and 
how close to the resultant vector do they lie?) The closer the com-
ponent frequencies are matched AND the closer the component 
oscillator phases are matched, the greater will be the signal power 
at the center-band frequency and the narrower will be the signal 
width at half-height. [See the luminescent algae fi gure of Ref. 10, 
also digital entrainment with fi refl ies (170).] Regulation, that is, 
entrainment, is easy to observe in a power spectrum (120,141): 
A regulated signal rises well above the background noise, is narrow 
relative to the other signals in its band, and, at the apex of the signal, 
exhibits a well-defi ned frequency. Poorly regulated signals, by con-
trast, exhibit low signal to noise, are broad, sometimes to the point of 
being undetectable. Their center-band frequency may be diffi cult or 
impossible to locate or may exhibit multiple peaks (fi ne-structure). 
Such characteristics indicate loss of control, or decoupling of the 
coupled oscillators. These traits are exhibited by the respiratory 
(signal 3) and heart rate (signal 4) frequency peaks in Figure 11.1.

Coupled oscillators may exhibit continuous-wave (analog) prop-
erties, such as circadian cycles, digestive cycles, or low-frequency 
blood pressure (Traube-Hering) waves, or they may be pulsatile 
(fi refl ies, crickets chirping, neurons communicating via action 
potentials). Southeast Asian fi refl ies actually synchronize after 
individual fl ies begin fl ashing using a random-fl ash pattern. Subse-
quently, the male fi refl ies are entrained by their mutual light emis-
sions to about three times every two seconds (170). Mathematically, 
continuous systems are easier to deal with than pulsatile systems; 
however, there now are mathematical tools for dealing with both 
systems (171).

Tissue Entrainment

A consensus is emerging that every living cell has a clock. This 
intrinsic clock times cellular events. Further, it can be entrained, 
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(28), and at least one input pathway for light-entrainment proceeds 
through the p42/44-mitogen-activated protein kinase (MAPK) 
cascade of the SCN. The MAPK signal transduction pathway is 
a potent regulator of numerous classes of transcription factors and 
has been shown to play a role in neuronal plasticity (193).

The clock for low-frequency (0.1 to 0.2 Hz) cardiovascular 
oscillations appears to be located in the nucleus of the tractus soli-
tarius linked to the baroreceptors innervated from the upper tho-
racic region. Whether these rhythms emanate from their respective 
zeitgebers or are the result of complex entrainment and modula-
tions from multiple source signals is a subject of signifi cant debate 
(19,120,127,128,154–157,194). Current thought appears to favor 
the complex multisource origin in a holistic matrix organized 
according to a hierarchical model in which neurons of the SCN of 
the hypothalamus may drive the central circadian clock and all the 
other somatic cells (195), thus linking everything from circadian 
(and probably even slower rhythms) to cellular level oscillations at 
least as high as that demonstrated from the yeast cell wall.

Individual cellular clocks in the SCN, the circadian center, are 
integrated into a stable and robust pacemaker with a period length 
of about 24 hours. The clock ticks via synchronization of clock gene 
transcription across hundreds of neurons (192). How the clock 
regulates cellular functions is being worked out. It is known that in 
the mouse, the core mechanism for the master circadian clock con-
sists of interacting positive and negative transcription and transla-
tion feedback loops (196). In Dorsophila, despite the central role for 
the transcriptional regulator protein dTim, the relevance of another 
protein, mTim, remained equivocal; however, knockdown of mTim 
expression in the rat SCN disrupted SCN neuronal activity rhythms 
and altered levels of known core clock elements (197). Thus, the 
complete regulator consists of a zeitgeber and transmission proteins 
that carry the clock’s timing signal to other elements in the cell’s 
regulatory machinery. Moreover, the activity of these is further reg-
ulated through phosphorylation-dephosphorylation reactions (198) 
and the reduced or oxidized state of nicotinamide cofactors (199).

Circadian clocks produce output signals in order to impose 
their rhythms on organism behavior. These signals are controlled 
by the genetic machinery and have been identifi ed as peptides or 
proteins. In Drosophila, the peptide PDF (for pigment-dispensing 
factor) was identifi ed because of its resemblance to a peptide called 
pigment-dispensing hormone, which drives a daily rhythm of color 
changes in some crustaceans (200). Using mutant mice, Cheng et al. 
(191) showed that a cysteine-rich protein, prokineticin 2, secreted 
from the SCN, controls physiological and behavioral processes.

An early review by van den Pol and Dudek (162) provides 
background for research in the circadian zeitgeber and the means 
for intercellular communication in the SCN, including calcium 
spikes in presynaptic dendrites, ephaptic interaction, paracrine 
communication, glial mediation, and gap junctions; their Figure 3 
is particularly valuable for showing the signals for intercellular 
communication and their relative time scales. For a review of the 
functional properties of the cellular circadian clocks of nonmam-
malian vertebrates, see Ref. 201.

As mentioned previously, the crystal structure of the central 
clock protein, KaiC, at the heart of the cyanobacterium clockwork 
has been determined as having a number of key residues involved 
in regulating KaiC phosphorylation status and circadian period 
(89). (For an overview, see Ref. 90.)

Multiple Oscillators

Entrainment (synchrony) of frequency occurs when two nonlinear 
oscillatory systems are coupled and operating at close but different 

communication within a single organism, since the kHz frequencies 
of cell membranes are high enough for effective long-distance 
communication through empty space. Perhaps outliers like that 
reported in Michie and West (167) should be reconsidered with 
new experimentation.

Crosstalk Among Oscillators

Circadian rhythm is entrained externally by the daily LD cycle, a 
geological zeitgeber (3,4,28,80). Circadian rhythm in turn modu-
lates ultradian rhythms, including the low-frequency rhythms of 
cardiovascular physiology. Normal cardiac sinus arrhythmia dem-
onstrates circadian modulation as does digestive physiology involv-
ing liver, pancreas, and gastrointestinal rhythms. It is of interest 
to note that cellular level oscillations occur at, and are linked to, 
low-frequency vascular rhythms (127–129,180,181). Ultradian 
rhythms with similar frequencies entrain, and thereby amplify, one 
another. Low-frequency cardiovascular rhythms may be entrained 
by respiratory rate (122,182–184), including singing and chanting 
(185,186) and rhythmic postural change (9,187), including Tai Chi 
Chuan (188).

In vertebrates, the genesis of essential biological rhythms as 
widely separated in frequency as circadian and cardiac rhythms 
demand stability, yet the population of multiple local oscillators 
that generate these rhythms, the cells of an organ, for example, may 
be dispersed in intrinsic frequencies. This raises the question of 
how the constituent oscillators interact so that a stable population 
rhythm emerges. The evidence shows that, even outside the intrin-
sic frequency range of individual oscillators, a periodic input across 
a wide frequency range can produce a stable population rhythm. 
This feature arises from interactions at the single oscillator level, 
which with their intrinsic frequency spread confers the population 
with metastability for rhythm genesis (19).

In a study of 10 musically trained and untrained subjects where 
breathing was correlated to the rhythmic beat of a melodic line, the 
“data advance(d) the following hypothesis: musical rhythm can be 
a zeitgeber, with its ability to entrain respiration dependent on the 
strength of its signal relative to spurious signals from the higher neu-
ral centers that introduce noise into the central pattern generator. 
Tapping reinforces the zeitgeber, increasing its signal-to-noise ratio 
and thereby promoting entrainment” (185). (Also, see Ref. 189.)

A lower-frequency oscillation (ca. 0.02 Hz, 1.2 cpm) detected in 
arterial blood pressure also has been measured through skin-surface 
blood fl owmetry (120) and photoelectric plethysmography (123). 
Kitney was able to entrain this signal (plethysmography of the right 
hand) through a hot-cold stimulus administered to the contralat-
eral (left) hand (see Ref. 123, Fig. 2), thereby changing the signal’s 
frequency and amplitude and also markedly reducing signal disper-
sion (signal spreading and multiple fi ne-structure). Entrainment 
could be accomplished only when the stimulus frequency lay within 
a short range of 0.02 Hz. In addition to demonstrating thermoen-
trainment (123), this experiment suggests that the natural signal 
at 0.02 Hz is linked with temperature regulation mechanisms, an 
interpretation that is consistent with previous work (190).

A Primary Reference Oscillator

It is known that circadian rhythm is linked closely to activity 
within the SCN (162,191,192). Visual stimulus, LD sensation, is 
transmitted from the retina to the SCN of the hypothalamus, to 
the upper thoracic intermediolateral cell column and from there 
through the superior cervical ganglion to the pineal (67). The daily 
LD cycle entrains the somewhat longer inherent circadian rhythm 
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This cooling then slows the bird’s song, thus linking temperature 
with rhythmic timing. Song tempo, syllable duration, and intervals 
between motif onsets are lengthened with cold; however, the ste-
reotypical acoustic structure is not cold sensitive.

This idea of multiple oscillators is supported by a study of 
baroreceptor denervation (decerebrated cats), where sympathetic 
nerve discharge contains a prominent 10-Hz rhythmic component. 
The 10-Hz signal is ubiquitous to postganglionic sympathetic 
nerves with cardiovascular targets (e.g., heart, forelimb vascula-
ture), and the 10-Hz discharges of these nerves are strongly corre-
lated. It is has been proposed “that rather than arising from a single 
source, the 10-Hz rhythm is generated by a system of coupled brain 
stem oscillators, each targeting a different end organ.” (208) The 
10-Hz signal is interpreted as arising from an unrecognized form 
of phase walk in which the participating oscillators remain strongly 
coupled (208).

Other systems oscillate in a manner analogous to that of circa-
dian systems but at different frequencies and for different purposes. 
In the nematode Caenorhabditis elegans, for example, proteins regu-
lating the molting cycles of postembryonic development oscillate 
on a cycle of every 6 hours (209). In mice, cortical gamma oscil-
lations (20 to 80 Hz) are generated by synchronous activity of 
fast-spiking inhibitory interneurons, with the resulting rhythmic 
inhibition producing neural ensemble synchrony (210).

Mathematical Models

Mathematical models describing mechanisms for intercellular 
communication have been developed. Li and Goldbeter (211) 
formulated a square-wave (pulsatile) model for intercellular com-
munication and have analyzed the response to various types of 
stimulating systems (stochastic, chaotic), including the optimal 
periodic signal maximizing target cell responsiveness (34,212). In 
a hysteresis-based model, global transcription or translation rates 
have only small effects on the period; however, changes in these 
rates alter the signal amplitude (213).

Soto-Treviño et al. (20), using a model of the lobster pyloric 
pacemaker network, addressed the problem of coupling compart-
ments that in isolation are capable of producing very different 
oscillations. At the neuronal network level, the model was used 
to explore the range of coupling strengths for which an intrinsi-
cally bursting neuron drives a tonic spiking neuron to burst syn-
chronously with it. The model was tested and compared with the 
performance of isolated preparations of the stomatogastric nervous 
system of the spiny lobster Panulirus interruptus. The examples 
presented illustrate that neuromodulation can effectively modify 
neuronal network behavior.

Synthetic Genetic Oscillators
At the level of genes and proteins, positive and negative feedback 
loops of interacting molecular systems generate sustained oscilla-
tions, where it is possible to achieve a widely tunable frequency at 
near-constant signal amplitude (94). An engineered, synthetic tun-
able genetic oscillator in Escherichia coli has been created (95). The 
oscillator’s modeled-network architecture contains linked positive 
and negative feedback loops. Oscillations in individual cells were 
monitored through repeated cycles using the fl uorescence from 
incorporated yemGFP (monomeric yeast-enhanced green fl uo-
rescent protein) gene protein. The experiment demonstrated that 
the key design principle for constructing a robust genetic oscillator 
is a time delay in the negative feedback loop, which can mecha-
nistically arise from the cascade of cellular processes involved in 
forming a functional transcription factor.

frequencies (9,123,137,138); the coupling causes the two oscillators 
to lock into a common frequency. The THM oscillation has been 
entrained utilizing rhythmic alteration of body position (9), expo-
sure to fl uctuating temperature (123), and respiratory activity 
(9,122,182,183). Entrainment of THM has been accomplished 
using baroreceptors and vasomotor refl exes; the lower limit of the 
entrainment bandwidth is 0.0841 (SD 0.0030) cycles/s and the upper 
limit is 0.1176 (SD 0.0013) cycles/s (202). Entrainment of the THM 
by the respiratory rate specifi cally occurs over the same frequency 
range of 5 resp/min (0.083 cycles/s) to 7 resp/min (0.12 cycles/s) 
(184). Although cranial manipulation involves more complex-
ity of intervention than merely modulating the primary (cellular) 
respiratory mechanism (PRM)/CRI, the concept of oscillatory 
entrainment offers an interesting explanation for this one aspect of 
treatment, as has been proposed by McPartland and Mein (203).

Breathing rate is modulated by musical tempo (204); no other 
aspect of music appears to be relevant. “Even short exposure to 
music can induce measurable and reproducible cardiovascular and 
respiratory effects, leading to a condition of arousal or focused 
attention that is proportional to the speed of the music and that 
may be induced or amplifi ed by respiratory entrainment by the 
music’s rhythm and speed” (204). The effect appears to be inde-
pendent of preference, or repetition, or habituation, and is clearer 
when the rhythmic structure is simpler.

The gestalt of an orchestral performance, however, goes far 
beyond the musical demands of the score. “How interval, melody 
and harmony act on the emotions is central to our understand-
ing of music.” Moreover, there are data to suggest that affective 
and cognitive processing of music might involve different neural 
pathways (205). (See Ref. 189 for a comprehensive treatise on the 
subject of musicophilia.)

It really is a very odd business that all of us, to varying degrees, 
have music in our heads. If Arthur C. Clarke’s Overlords were puz-
zled when they landed on Earth and observed how much energy 
our species puts into making and listening to music, they would 
have been stupefi ed when they realized that, even in the absence 
of external sources, most of us are incessantly playing music in our 
heads (189).

In examining daily rhythms in sleep and waking perfor-
mance, Dijk and Schantz (206) state, “in the absence of externally 
imposed LD and social cycles, sleep-wake cycles remain consoli-
dated but desynchronize from the 24-hour day (external desyn-
chrony). This loss of entrainment is accompanied by a dramatic 
change in the internal phase relationship between the sleep-wake 
cycle and the body temperature rhythm. The sleep-wake cycle 
shifts approximately 4 to 6 hours later, and most sleep initiations 
now occur at the body temperature nadir rather than before the 
temperature nadir. This change in the internal phase relation-
ship suggests that separate oscillators drive the sleep-wake cycle 
and body temperature rhythm. The phenomenon of spontaneous 
internal desynchrony, during which the sleep-wake cycle oscil-
lates with a period much longer or shorter than the rhythms of 
core body temperature, urine volume, and other physiological 
variables, provides stronger evidence for the existence of multiple 
oscillators.”

Consider this musical relationship between rhythm and tem-
perature. Birdsong has a precise, hierarchically organized structure 
that provides a look into the central control of motor neuron tim-
ing. A direct link between the clock of the premotor nucleus HVC 
(high vocal center) in zebra fi nch songbirds and the rhythm com-
ponents of its song has been demonstrated by manipulating the 
biophysical dynamics in different regions of the forebrain (207). 
The clock signal may be slowed by cooling the HVC of the brain. 

Chila_Chap11.indd   173Chila_Chap11.indd   173 8/4/2010   3:42:41 PM8/4/2010   3:42:41 PM



174 I • FOUNDATIONS

MAGNETORECEPTION

When considering the regulation of organisms through oscillating 
phenomena, one additional aspect of communication physics needs 
to be considered: There is a sixth sense, magnetoreception, and this 
sense also can be expected to give rise to oscillating (magnetic) 
fi elds. There are at least two different mechanisms for intracellular 
magnetic detection (229): (a) The biological compass composed 
of magnetite crystal chains (230) that are present in many spe-
cies from microorganisms through vertebrates. (b) The radical-pair 
mechanism (231), which is based on the cryptochrome protein, an 
intracellular entity that produces two possible intermediate states 
depending upon its orientation to the ambient magnetic fi eld. 
Because cryptochrome is located in the retina, it has been proposed 
that it feeds information to the brain through the optic nerves. 
Such a system is analogous to the light-entrainment system of the 
circadian clock (28).

So, what will studies of magnetoreception reveal? Magnetite 
crystals are aligned along cellular microtubules, a position where 
they could effi ciently modulate cell membrane oscillations. Thus, 
from what is known today, a system of biomagneto-communication 
certainly is physically possible.

OSTEOPATHIC MANIPULATIVE MEDICINE AND 
THE TRAUBE-HERING-MAYER WAVEFORM

As was pointed out at the beginning of this chapter, Littlejohn 
observed over one hundred years ago that human physiology is 
dynamic (1). Everything in life is changing with time, but not 
necessarily at the same rate. Holistically, human physiology may 
be considered in the context of waves upon waves upon waves 
(Fig. 11.1, top, trace a), wherein each independent vibrational fre-
quency infl uences and is infl uenced by those frequencies above and 
below it. Within the broad spectrum of physiologic rhythms, one 
area is of particular interest to practitioners of osteopathic manipu-
lative medicine, the frequency range from 0.003 to 0.50 Hz (0.18 
to 30 cpm). In cardiovascular physiology, this range is subdivided, 
by spectral peaks, into very-low-frequency (0.003 to 0.05 Hz, 0.18 
to 3.0 cpm), low-frequency (0.10 to 0.20 Hz, 6.0 to 12 cpm), and 
higher-frequency (0.25 to 0.50 Hz, 15 to 30 cpm) components 
(140). The very-low-frequency peak refl ects autonomic (parasym-
pathetic) and renin-angiotensin interaction. The low-frequency 
spectral peak is predominantly the result of sympathetic, barore-
fl ex, activity. The activity in the higher-frequency area, pulmonary 
respiration, impacts the cardiovascular system through the interac-
tion of the autonomic (parasympathetic and sympathetic) nervous 
system (141).

In osteopathic manipulative medicine, the PRM (232) is often 
monitored by palpating the CRI (233–237). The rate of the CRI, 
fi rst measured by Woods and Woods in 1961 (238), has since been 
measured repeatedly, with a reported range of 2 to 14 cpm (0.03 
to 0.23 Hz) (125,131,173,226,238–246). This frequency range 
encompasses the low-frequency peak between 0.10 and 0.20 Hz in 
cardiovascular physiology.

In the mid-19th century, activity in the 0.10 and 0.20 Hz 
frequency range was observed in blood pressure, independent of 
pulmonary respiration (247,248). This low-frequency rhythm has 
since been identifi ed as Traube-Hering waves (249–251), as Mayer 
waves (122) or as THM waves (120). To avoid confusion, rather 
than using eponyms in the discussion that follows, the oscillations 
will be identifi ed by their frequencies.

Oscillations in the low-frequency range of 0.10 to 0.20 Hz 
have been identifi ed throughout human physiology: blood pressure 

Apoptosis (Programmed Cell Death)
Apoptosis appears to be a universal feature of animal development, 
and abnormalities in it have been associated with an array of dis-
eases, including certain cancers and neurodegenerative pathologies. 
In plants, it is essential for development and survival, including 
xylogenesis, reproduction, senescence, and pathogenesis (214). 
Employing two different sequential developmental stages, expo-
nential growth and polynomial death, the process can be modeled 
by incorporating a parametric approach for exponential growth and 
a nonparametric approach based on the Legendre function (Leg-
endre polynomial order 3) for polynomial death. The model was 
validated by a real example in rice (215) and should be universally 
applicable.

Cardiovascular-Respiratory Control/Congestive Heart 
Failure in Humans
A model of the cardiovascular-respiratory control system, incor-
porating constant state equation delays and the use of Legendre 
polynomials for feedback control, has been formulated (216). The 
model was used to study the transition from the awake state to 
stage 4 (NREM) sleep for normal individuals and for individuals 
suffering from congestive heart problems. The model steady states 
are consistent with observation both for the normal and the con-
gestive heart state conditions. [Use of Legendre polynomials for 
feedback loop models (217,218) and for random regression model-
ing of longitudinal (time-dependent) data (219).]

Reviews

These literature citations refer to reviews focused on biorhythm 
frequency bands (10,34,36,38,110,138,156,162,169,201,220–223). 
Published mathematical models used to describe specifi c sys-
tems are given in these citations (20,34,36,80,123,137,138,171,
224,225). Osteopathic concepts clearly have a place here, particu-
larly those treatments that incorporate oscillatory mechanisms 
(7,144,187,194,203).

Other Work Related to Biological Communication 
through Rhythms

Viewed as valuable by the authors of this chapter is the article on 
entrainment of the Earth’s ice ages through frequency modulation 
of the Earth’s orbital eccentricity (226). The documentation of this 
phenomenon demonstrates that frequency modulation represents a 
powerful regulatory mechanism, not only for radio transmissions, 
but also for the vast periods of geological time and most assuredly 
for all frequencies lying between these extremes.

The exceptional continuity that occurs among different cells, 
tissues, and organs when responding coherently to a set of stim-
uli as a function of self/species survival is appreciable. Coherent 
response alludes to a central rhythm that resonates throughout the 
cell and that is capable of synchronizing a diversity of physiological 
processes into a functional biological unity. It is probable that this 
rhythm exists for both prokaryotic and eukaryotic cells. Collec-
tively, this resonance for the subphylum Vertebrata is hypothesized 
to emanate as the craniosacral respiration (227). Experimental data 
suggest that, at least, the circadian cycling of energy metabolism is 
mediated by an activator of gene expression (228).

It is this that lies at the basis of all mechanical systems of healing, 
the setting up of increase or the checking of the vibratile impulses, 
the correction in the distribution of the normal vibrations sent out 
from the brain center of control and distributed by co-ordination 
from the different planes of center activity—Littlejohn (1).
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waves (Fig. 11.1, top, trace a). Because of this complexity, visually 
identifying where any given intervention actually has an effect is 
extremely diffi cult, if not impossible.

However, because these complex visual records are digi-
tal, the data may be converted mathematically through an FT 
(Fig. 11.1, bottom). This provides frequency-domain spectra that 
clearly identify the frequencies of individual spectral peaks (loca-
tion on the x-axis), their power (height of any given spectral peak, 
y-axis) and dispersion, or irregularity, (width of a spectral peak 
measured at half-height) that result in the complex waves upon 
waves upon waves of the visual time-domain records. FT spec-
tra may be fi ltered—spectral regions selected and then inverse 
FTs performed—to create time-domain records that focus upon 
the contribution of any spectral area to the observed time-domain 
record (Fig. 11.1, top, trace b). Frequency-domain records also 
may be analyzed comparatively to determine where in the com-
plex waveform an intervention has had effect. This may be 
done by comparing the relative height of consecutive measure-
ments of the same spectral peak. Or by subtracting one FT spec-
trum from another, and thereby calculating the changes that have 
occurred in frequency, power, and dispersion throughout the 
entire spectrum as a magnitude difference spectrum (Figs. 11.10 
and 11.13).

These methods provide opportunities to study cranial oste-
opathy in the context of quantifi able aspects of human physiol-
ogy through cutaneous bloodfl ow velocity. The following protocols 
were implemented by our group with able assistance, in the fi rst 
protocol, from Celia M. Lipinski, D.O. and Arina R. Chapman, 
D.O. These studies, spanning a period from 1998 to the present, 
represent our attempt to quantify the CRI and demonstrate the 
effect of cranial manipulation upon the vibrations manifest in 
human bloodfl ow velocity.

The Research Protocols

Protocol 1: Comparing low-frequency bloodfl ow velocity waves 
with cranial palpation (120). First, it was appropriate to establish 
a correlation between the palpated CRI and the 0.10 to 0.20 Hz 
oscillation.

Twelve subjects participated in this study. With the laser-
Doppler probe affi xed to the subject’s earlobe, they rested quietly 
on an Osteopathic Manipulative Technique (OMT) table. A base-
line fl owmetry record was then obtained. Next, an experienced 
examiner, blinded to the laser-Doppler record, monitored the CRI. 
As they palpated, they identifi ed the CRI, saying “f ” for fl exion/
external rotation and “e” for extension/internal rotation. At each 
verbal indication, an event mark (EM) was entered into the com-
puter by the recording technician.

Figure 11.2 is the compressed laser-Doppler fl owmetry time-
domain records of two subjects. The palpation of the CRI is indi-
cated by the vertical EMs on the right side of each record.

The fl owmetry records for each subject were Fourier trans-
formed and dissected, removing frequencies above 0.50 Hz. Inverse 
FT was performed on the remaining data, resulting in a time-
domain record of frequencies below 0.50 Hz. This demonstrated 
that the dominant low-frequency wave phenomena apparent in the 
original fl owmetry records represented the low-frequency, 0.10 to 
0.20 Hz, wave and not harmonic aberrations from some other fre-
quency (Figs. 11.3 and 11.4).

Of the 12 subjects, 11 provided data suitable for analysis. Six 
hundred thirteen low-frequency wave peaks (maxima) and troughs 
(minima) were visually identifi ed. One hundred sixty-six fl exion/
external rotation events and 162 extension/internal rotation events 

(122,138,247,248), heart rate variability (122,252–254), pulmonary 
blood fl ow (250), peripheral blood fl ow (122,250,252,255,256), 
muscle sympathetic tone (254), cerebral blood fl ow and movement 
of the cerebrospinal fl uid (126,148,251,255,257,258), and cerebral 
cortical cellular activity (128,129,180,181). Because these phenom-
ena occupy the same frequency range as the CRI, it was decided to 
monitor that particular frequency in a known physiologic phenom-
enon to provide insight into cranial osteopathy.

Peripheral vascular manifestations of the low-frequency, 0.10 
to 0.20 Hz, rhythm are readily measured by laser-Doppler fl owm-
etry and may be recorded simultaneously with cranial osteopathic 
procedures. In the basic science protocols described below, where 
the low-frequency, 0.10 to 0.20 Hz, rhythm was monitored, a laser-
Doppler perfusion monitor (Transonic Systems, Inc., Ithaca, NY) 
was employed to determine Doppler velocity of circulating blood 
that was then digitized for subsequent data reduction (WinDaq 
data acquisition and playback software).

This method provides time-domain records that may be 
obtained simultaneously with cranial diagnostic and therapeutic 
procedures. These records provide striking illustrations of what 
cranial practitioners have been describing for years. They lend 
themselves to the identifi cation of the interaction between the 
practitioner and the subject and for determination of the rate of 
the CRI. The recorded bloodfl ow velocity record is the result of 
a very complex group of physiological processes with multiple 
contributing frequencies, resulting in waves upon waves upon 

Figure 11-1 Top traces (a) and (b): (a) Waves upon waves upon 
waves; the time-domain record of a complete blood fl ow veloc-
ity record, demonstrating the heart rate waveform upon the low-
frequency barorefl ex waveform upon the very-low-frequency 
waveform. (b) Filtered record showing respiratory, low-, and very-
low-frequency components only. Bottom spectrum: The FT, 
frequency-domain spectrum of waveform (a), demonstrating: (1) 
very-low-frequency signal component, (2) low-frequency signal 
component, (3) higher-frequency respiration signal, and (4) the heart 
rate spectral component.
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Even though over the length of the recording the low-frequency, 
0.10 to 0.20 Hz, waves demonstrated a frequency modulation of 
up to 20%, the palpation events precisely mirrored the oscillating 
fl owmetry wave.

Discussion of Protocol 1: This study demonstrated that the CRI 
and the low-frequency, 0.10 to 0.20 Hz, bloodfl ow velocity waves 
are concomitant phenomena. The bloodfl ow velocity waves dem-
onstrated a frequency modulation of up to 20% that was precisely 
mirrored by the palpation record. This frequency modulation also 
was reported by Lockwood and Degenhardt in their analysis of 
Frymann’s 1971 data from instrumental measurement of the CRI 
(174,259).

The fl owmetry records and FT of the data contained within 
them consistently demonstrate contribution from the very-low-
frequency (0.003 to 0.05 Hz, 0.18 to 3.0 cpm) and low-frequency 
(0.10 to 0.20 Hz, 6.0 to 12 cpm) components. These frequencies 
in bloodfl ow velocity are remarkably consistent with the “slow tide” 
(six cycles in 10 minutes) and the “fast tide” (8 to 12 cpm) of the 
PRM as described by Becker (260) (Fig. 11.5).

(n = 328) were identifi ed. These were associated equally between 
low-frequency maxima (n = 164) and minima (n = 164).

There was no correlation between palpation (fl exion/external 
rotation, extension/internal rotation) and the low-frequency wave 
maximum or minimum in the fl owmetry record (Pearson R value, 
−0.085; approximate signifi cance, 0.123). In further analysis, the 
time of each palpation event was compared with the time recorded 
for the nearest maximum or minimum in the fl owmetry record. The 
paired t-test, in this case, showed no statistical difference between 
the fl owmetry low-frequency 0.10 to 0.20 Hz wave record and the 
palpated CRI. With 328 data pairs, both groups of time values 
were highly correlated (correlation, 1.000; signifi cance, 0.000). 

Figure 11-2 Compressed laser-Doppler-fl owmeter bloodfl ow 
velocity (waveform) and fl exion-extension records (vertical EMs) 
from two subjects.

Figure 11-3 Expanded laser-Doppler-fl owmeter relative-blood-
velocity record of Subject 2: Top—Flowmeter trace, revealing car-
diac cycle fi ne-structure. The double-headed arrow indicates the 
wavelength of one low-frequency cycle. Bottom—Low-frequency 
waveform component only of the top trace. The bottom waveform 
was created from the top waveform by fi ltering (removing) the high-
frequency cardiac component, leaving only the very-low-frequency, 
low-frequency, and respiratory components. Inverse FT of this digi-
tally fi ltered data generates the bottom trace. Both traces are in 
register with respect to time, and the event markers indicate the 
positions of the palpatory fi ndings.

Figure 11-4 Inverse FT time-domain spectra from Subject 2: Top 
trace, all frequency-domain data used in the inverse computa-
tion; bottom spectrum, only the frequency component lying below 
0.5 cycles/s (30 cycles/min) used. The bottom spectrum is the trace 
resulting from very-low-, low-, and respiratory frequency contribu-
tions. The insert box shows that portion of the FT frequency-domain 
spectrum used to compute the inverse very-low-, low-, and respira-
tory frequency spectrum.

Figure 11-5 Waves upon waves, fl owmetry record demonstrat-
ing the contribution from the very-low-frequency (0.003 to 0.05 Hz, 
0.18 to 3.0 cpm) and low-frequency (0.10 to 0.20 Hz, 6.0 to 12 cpm) 
components. These frequencies in bloodfl ow velocity are remark-
ably consistent with the “slow tide” (6 cycles in 10 minutes) and the 
“fast tide” (8 to 12 cpm) of the PRM as described by Becker (260). 
Inset shows the low-frequency wave with the heartbeat upon it.
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subjects, affected bloodfl ow velocity oscillations. The amplitude 
of the very-low-frequency (0.003 to 0.05 Hz) wave decreased and 
that of the low-frequency (0.10 to 0.20 Hz) wave increased. It is 
of interest to note here that cranial manipulation has been demon-
strated to exert a comparable effect upon similar frequency oscilla-
tions (0.08 to 0.20 Hz) in intracranial fl uid content as measured by 
transcranial bioimpedance (258).

Because the low-frequency wave in bloodfl ow velocity is medi-
ated by sympathetic, barorefl ex, activity (141), cranial manipulation 
can be inferred to affect the autonomic nervous system. Addition-
ally, since the control palpation did not greatly affect bloodfl ow 
velocity oscillations, control palpation may be used as a sham treat-
ment in future research.

Protocol 3: Affecting low-frequency bloodfl ow velocity waves on 
demand (8). Since individually determined cranial manipulation 
changed bloodfl ow velocity, it was decided to see if an affect could 
be obtained on demand, using palpation only, alternating with 
incitant bitemporal rocking. This alternating palpation and manip-
ulation sequence was continued for a total of 35 minutes (maxi-
mum recording time for an uninterrupted laser-Doppler record). 
To eliminate the possibility that there might be an independent 
oscillation in bloodfl ow physiology, two different time sequences 
were decided on for the protocol. Five- and seven-minute intervals, 
both divisible into 35, were chosen. The timing of the treatment/
nontreatment sequence was established for each subject before the 
initiation of the protocol.

Fifteen subjects participated. The laser-Doppler probe was 
placed in the midline on the subject’s forehead. It was felt that the 
previously used ear site was too close to the temporomastoid region 
(area being manipulated) and could therefore be directly affected 
by the intervention.

The subjects rested upon the Osteopathic Manipulative Tech-
nique (OMT) table with their heads upon the practitioner’s hands in 
position for the manipulative procedure. A baseline bloodfl ow veloc-
ity record was obtained. Following this, incitant bitemporal rocking 
was performed synchronous with the subject’s CRI. The manipula-
tion was stopped and, without changing hand placement, a period of 
cranial-palpation-only followed. This alternating sequence contin-
ued uninterrupted for the maximum laser-Doppler recording time.

Figure 11.8 shows the compressed, 35-minute long, fl owm-
etry records for two subjects treated with cranial manipulation at 

Additionally, it is of interest to note that the palpated CRI 
in this study was consistently palpated, such that ratio of the 
CRI to the low-frequency (0.10 to 0.20 Hz) oscillations was 1:2 
(Fig. 11.2). This relationship was recognized retrospectively when 
additional fl owmetry records were analyzed to measure the rate of 
the CRI (see Protocol 5) (Fig. 11.13).

Protocol 2: Affecting low-frequency bloodfl ow velocity waves 
by cranial manipulation (7). When the palpable CRI and low-
frequency, 0.10 to 0.20 Hz, bloodfl ow velocity oscillations were 
demonstrated to be temporally concomitant, the question then 
arose: Does cranial manipulation exert an effect upon the low-
frequency oscillations?

Twenty-three subjects were randomly divided into control 
(n = 13) and experiment (n = 10) groups. The laser-Doppler probe 
was affi xed to the subject’s earlobe. Subjects rested quietly on an 
Osteopathic Manipulative Technique (OMT) table. A baseline 
fl owmetry record was obtained, followed by cranial manipula-
tion (experimental group) or sham intervention (control group). 
The sham intervention consisted of 5 minutes of cranial palpation 
using a biparietal modifi cation vault-hold. Subjects in the experi-
mental group received an individually determined cranial treat-
ment, applied until a therapeutic endpoint was achieved (5 to 10 
minutes). Immediately following the sham or manipulative inter-
vention, a 5-minute postintervention laser-Doppler recording was 
acquired. During the entire process the subjects, in both groups, 
remained on the treatment table; the laser-Doppler recording was 
continuous and the probe was undisturbed.

FT was performed upon the pre- and postintervention fl owm-
etry records of each subject. Four major component signals from the 
fl owmetry records were analyzed: very-low-frequency signal (0.003 to 
0.05 Hz), low-frequency signal (0.10 to 0.20 Hz), higher-frequency, 
respiratory, signal (0.25 to 0.50 Hz), and the cardiac signal (1.0 to 
1.5 Hz). Preintervention and postintervention data were compared 
for both the control and the experimental groups (Fig. 11.6).

For the control group, the very-low-frequency signal decreased 
to an almost signifi cant degree (P = 0.054) while the low-frequency 
(P = 0.805), higher-frequency (P = 0.715) and cardiac (P = 0.511) 
signals showed no statistically signifi cant changes. The experimen-
tal group showed a signifi cant decrease of the very-low-frequency 
signal (P = 0.001) and an increase of the low-frequency signal (P = 
0.021). The higher-frequency (P = 0.747) and cardiac (P = 0.788) 
signals showed no signifi cant changes.

The effects of the cranial treatment seen in Figure 11.6, 
although visually exceptional, are consistent with changes induced 
in all of the subjects. Figure 11.7, a compressed continuous fl ow-
metry record (~30 minute duration), demonstrates the progres-
sive organization resulting from the increased low-frequency wave 
activity readily seen from the end of the treatment period through 
the posttreatment period.

Discussion of Protocol 2: This study demonstrated that cranial 
manipulation, specifi cally directed at cranial patterns of individual 

Figure 11-6 Laser Doppler blood fl ow recording of two individuals, 
before and after cranial manipulation.

Figure 11-7 Continuous fl owmetry record of approximately 
30-minute duration. Although the record is greatly compressed to 
afford visualization of it in its entirety, the progressive organization 
resulting from the increased low-frequency wave activity can be 
readily seen from the end of the treatment period through the post-
treatment period. The bottom tracings are the contributions to the 
fl owmetry record from very-low-, low-, and respiratory frequencies 
before and after manipulation.
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oscillations, it was decided to study the response to CV-4, a 
manipulative procedure that, during its application, is intended to 
dampen the CRI. CV-4 offers the advantage of having a specifi c 
starting point and a generally agreed upon physiologic end point, 
the still point. This endpoint is then reportedly followed by ampli-
fi cation of the CRI. This allowed us to measure the duration of 
time the CV-4 procedure was applied and any impact it had on 
bloodfl ow velocity.

Twenty-eight experienced cranial practitioners performed the 
CV-4, each with a different subject (N = 26; two subjects partici-
pated twice). One physician plus one subject at one treatment con-
stituted one statistical case.

The physician sat at the head of an Osteopathic Manipula-
tive Technique (OMT) table. The subject lying supine, with the 
laser-Doppler probe attached to the midline of their forehead, 
rested quietly for an equilibration period. A baseline record of 5 
to 7 minutes, the Control (C) segment (Fig. 11.11, Control), was 
then obtained. During the Control segment period, no treatment 
was administered, but the subject’s head rested upon the physician’s 
hands in the appropriate position for palpatory diagnosis and treat-
ment using CV-4. At the end of the Control segment, the physi-
cian was instructed to begin implementation of CV-4, and upon 
the treating physicians’ indication that they had started, an EM 
was entered into the record by the technician (Fig. 11.11).

The Treatment (T) phase lasted until the physician indicated 
that they had obtained their therapeutic goal. At this point, a sec-
ond EM was entered into the fl owmetry record, indicating the end 
of the Treatment segment (Fig. 11.11, Treatment). The physicians 
removed their hands from contact with the subject’s head, and the 
Response (R) to treatment was followed for an additional 5 to 
7 minutes (Fig. 11.11, Response). Both treating physicians and 
subjects were blinded to operations at the computer console.

The duration of Treatment for the CV-4 procedure from the 
28 individual records (Table 1) was computed by measuring the 

5-minute (Subject 1) and 7-minute (Subject 2) intervals. EMs 
identify where cranial manipulation was started and stopped. 
Expansion of the fi rst and third nontreatment/treatment pairs of 
the fl owmetry record for Subject 1 (Fig. 11.9) clearly shows the 
low-frequency (0.10 to 0.20 Hz) wave and the amplifying effect 
upon it resulting from incitant manipulation.

Using FT, the very-low-frequency, low-frequency, higher-fre-
quency and cardiac rate, signals were identifi ed to determine which 
changed. Signal intensities as a function of the respective compo-
nent’s frequency are plotted in Figure 11.10 for Subject 1: third 
nontreatment segment (top), third treatment segment (center).

Figure 11.10 (bottom) exhibits the difference spectrum 
obtained by subtracting the data in Figure 11.10 (top) from the data 
in Figure 11.10 (center). It demonstrates that the incitant cranial 
manipulation increased the very-low-frequency signal and greatly 
increased the low-frequency signal. Additionally, the heart rate can 
be seen, from the resultant sinusoidal shape for the cardiac signal, 
to have increased from approximately 70 to 82 beats per minute.

Discussion of Protocol 3: This study demonstrated that incit-
ant cranial manipulation could, on demand, alter the physiologic 
parameters of bloodfl ow velocity. The low-frequency (0.10 to 
0.20 Hz) component increased most markedly and the very-low-
frequency component (0.003 to 0.05 Hz) increased to some degree. 
These effects occurred within a few seconds and, in this instance, 
the fl owmetry record returned to near-baseline levels within frac-
tions of a minute after the intervention was stopped. FT analysis, 
however, revealed that the fl owmetry record does not return pre-
cisely to baseline following intervention, rather it exhibits a small 
residual effect with a considerably longer half-life. This persistent 
residual amplifi cation may, in part, account for the therapeutic 
effect of some forms of cranial manipulation.

Protocol 4: Affecting low-frequency bloodfl ow velocity waves by 
Compression of the Fourth Ventricle (CV-4 ) (144). Because incitant 
cranial manipulation affected the amplitude of the low-frequency 

Figure 11-8 Compressed laser-
Doppler-fl owmetry, relative blood 
velocity waveforms, of two subjects 
treated by cranial manipulation at 
designated 5-minute (Subject 1) 
and 7-minute (Subject 2) intervals. 
EM indicate points in time when 
cranial manipulation started and 
stopped.
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To determine signifi cance among the three groups (C − T, 
T − R, C − R) for each selected signal-area and frequency value 
analysis of variance was used. Seven scalar variables were consid-
ered: areas of the signals centered at 0.02, 0.08, and 0.10 Hz; areas 
of the lower-frequency and higher-frequency cardiac bands; and 
the frequencies at the maximum amplitude (either positive or neg-
ative) of both cardiac bands. Also evaluated were pair-wise com-
parisons between group pairs, using Scheffé, Bonferroni, Tukey, 
and Least-Signifi cant Difference range tests (respectively, from 
most conservative).

Signifi cant differences were identifi ed for the minor signal at 
0.08 Hz (sig. = 0.041) and the low-frequency signal at 0.10 Hz 
(sig. = 0.000). There was no signifi cant difference for the very-low-
frequency signal at 0.02 Hz or for any of the four cardiac signal 
variables. Using the Scheffé range test, signifi cant differences were 
found only for the 0.10-Hz area variable at the alpha.05 level; how-
ever, the 0.08-Hz signal did exhibit parallel differences at the.072 
level. Therefore, it is believed that both signals are affected together, 
and in the same sense, by the CV-4. The differences in signifi cance 
between the two variables most likely refl ect the much lower sig-
nal-to-noise ratio of the minor 0.08-Hz signal than fundamental 
differences in the behavior of each signal band with manipulation.

The variable that demonstrates the largest mean difference in 
response to CV-4 is the low-frequency area of the 0.10-Hz signal, 
where all three combinations, C − R, C − T, and T − R, are signifi -
cantly different from each other.

Discussion of Protocol 4: This study demonstrated that the dura-
tion of the CV-4 was 4.43 ± 2.22 minutes, consistent with the 
previously published report of 3 to 7 minutes (260). During its 
application, bloodfl ow velocity was affected in a manner consistent 
with what would be expected from descriptions of the impact of 
CV-4 upon the CRI (234). As the occipital was held in extension 
to decrease the amplitude of the CRI, the low-frequency oscilla-
tion was damped and essentially eliminated when a still point was 
obtained (Figs. 11.11 and 11.13). The therapeutic impact of CV-4 is 
said to be increased amplitude of the CRI, which enhances the fl uid 
motion of the PRM (234); following CV-4, the amplitude of the 
low-frequency wave in bloodfl ow velocity increases (Fig. 11.11).

Protocol 5: The Rate of the CRI (245). It is important to estab-
lish normative values when studying physiologic phenomena. 

time elapsed on the fl owmetry record between the fi rst EM, when 
the physician started the procedure, and the EM indicating they 
had attained their therapeutic goal. The mean duration of Treat-
ment was 4.43 minutes, range 8.65 minutes (minimum 1.42, maxi-
mum 10.07), a standard deviation ± 2.22 minutes, and a variance 
of 4.94. This duration is consistent with a published report of 3 to 
7 minutes for CV-4 application (260).

The impact of the CV-4 procedure was then determined. 
Among the 28 CV-4 records obtained, high-frequency noise in 
8 (29%) records made them unsatisfactory for data reductions 
and statistical analyses. The remaining 20 records, ranging from 
15 to 24 minutes duration, were useable. Each of these records 
contained the three continuously linked segments (total waveform 
segments = 60) separated by the EMs. These segments (Fig. 11.11), 
the pretreatment resting period (Control), the CV-4 treatment 
period (Treatment), and the immediate response period (Response), 
were identifi ed for intergroup comparisons. Within each segment, 
a 4- to 6-minute portion of the record was selected. The shortest of 
these segments, for each subject, was identifi ed and its duration, to 
the nearest 0.01 second, noted. Portions of the remaining two seg-
ments, from that record, each of identical duration as the shortest 
segment, were extracted for FT.

FT spectra, for each of the segments, were then computed 
to generate 60 frequency-domain spectra (Fig. 11.12). Point-by-
point subtraction, generating Control minus Treatment (C − T), 
Treatment minus Response (T − R), and Control minus Response 
(C − R) difference spectra, was then carried out (Fig. 11.13). The 
resulting difference spectra were plotted and then integrated to 
obtain spectral signal areas.

From these difference spectra, signal areas were computed 
from three signals in the low-frequency region. The 0.02 Hz sig-
nal represents physiological activity in the range of the very-low-
frequency wave; the 0.10 Hz signal represents activity consistent 
with the low-frequency wave. A new minor signal, at 0.08 Hz, was 
resolved in fl owmetry data but not reported in earlier work. Suf-
fi cient data at this point were accumulated verifying the existence 
of this minor resonance. Additionally, areas were computed from 
both the low- and the high-frequency halves of the cardiac signal 
(centered approximately at 1.10 Hz), and minimum and maximum 
frequency components of the cardiac signal were recorded.

Figure 11-9 Expansion of the 
laser-Doppler fl owmetry record 
of Subject 1 of Figure 8: The top 
record shows the initial resting 
segment followed by the fi rst 
treatment segment; the bottom 
record shows the analogous seg-
ment pair beginning at 18 min-
utes, both records demonstrating 
that incitant cranial treatment 
amplifi es the power of the low-
frequency oscillation.
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Using laser-Doppler fl owmetry in comparison to cranial palpation, 
we measured the palpated rate of the CRI. We further determined 
how clinicians palpate the CRI in comparison to the fl owmetry 
record.

The CRI rate was determined from the records of 44 different 
examiners, each palpating a different subject. The examiners were 
experienced osteopathic physicians attending various professional 
meetings. Each palpated a different subject who was recruited ran-
domly from attendees at the same meetings.

The laser-Doppler probe was placed onto one earlobe, and 
the subject then rested quietly on an Osteopathic Manipulative 
Technique (OMT) table. Examiners were seated at the head of 
the table. With a contact position of their preference, the examin-
ers palpated their subject’s CRI. As they palpated, they said, “f ” 
indicating the perception of the fl exion/external rotation and “e” 
indicating extension/internal rotation. At each verbal indication, 
an EM was entered into the computer by the recording techni-
cian. Continuous, unbroken records were recorded for each subject. 
The recording length, nominally of 5- to 15-minute duration, was 
determined by the examiner.

A portion of each record was selected for computation where 
the CRI was palpated consistently, without large “palpatory gaps.” 
Calculating from 44 records acquired, the mean rate for the pal-
pated CRI was 4.54 cpm, with a range of 7.26 (minimum 1.25, 
maximum 8.51). The standard deviation was 2.08, the standard 
error 0.313, and the variance 4.32.

The vast majority of examiners in this study palpated the CRI 
such that a fl exion event was perceived coincident with one low-
frequency oscillation and an extension event perceived coincident 
with the next low-frequency oscillation. This resulted in a ratio 

Figure 11-10 FT magnitude spectra: Plotted is component inten-
sity as a function of component frequency for Subject 1: Third non-
treatment segment (Top) and third treatment segment (Center), with 
the (1) very-low-, (2) low-, (3) respiratory, and (4) cardiac frequencies 
identifi ed. Bottom: Magnitude difference spectrum obtained by 
subtracting the nontreatment spectrum from the treatment spec-
trum: In this difference spectrum, the pronounced signal enhance-
ment of the low-frequency, 0.10 Hz oscillation (2) stands out. Also, 
the heart rate (4) increased from approximately 70 to 82 beats/min 
during cranial manipulation.

Figure 11-11 Real-time demonstration of the fl owmetry record 
of a CV-4, consisting of a baseline bloodfl ow velocity record, the 
Control segment, the Treatment segment, and the posttreatment, 
Response segment. The EMs were entered into the record by the 
research technician upon verbal indication by the treating physician 
at the onset and culmination of treatment. The insets (1, 2, and 3) 
are representative segments (~2 minutes each) of the fl owmetry 
record for each of the three segments of the procedure. Inset (4) 
is that portion of the record immediately before and following the 
still point.
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of palpated CRI to recorded low-frequency (0.10 to 0.20 Hz) 
oscillations of 1:2. (Fig. 11.14). It is worthwhile to note that infre-
quently an examiner palpated the CRI at a 1:1 ratio to the low-
frequency oscillation (Fig. 11.15).

During fl owmetry recording, irregularities were observed 
resulting in gaps in both the palpatory and the fl owmetry records. 
In some instances, these gaps were recognized and reported by the 
examiners as “still points” (Fig. 11.16) (261).

Discussion of Protocol 5: This study provides a normative rate 
for the CRI and insight into previously unexplained discrepancies 
in its reported rate. Also, by observing the relationship between 
the palpated CRI and bloodfl ow velocity, an explanation may be 
advanced for the diffi culties encountered when sequentially com-
paring palpated rates for the CRI for the purpose of establishing 
interrater reliability.

The rate of the CRI, fi rst reported as 10 to 14 cpm (238), has 
remained the accepted rate in the majority of osteopathic textbooks 
(233–237). Review of the literature, however, reveals an interest-
ing paradox. Studies using palpation tend to report lower rates 
for the CRI (240–244) than those obtained by instrumentation 
(125,131,174,239,258) (Fig. 11.17). This occurs independent of 

the type of instrumentation, such as plethysmography applied to 
the upper extremity (236), infrared light refl ected from acupunc-
ture needles implanted into the cranial bones of human subjects 
(131), retrospective analysis of data obtained by Frymann using 
a pressure transducer placed upon the head (173), and fl uctuation 
of intracranial fl uid content using transcranial electrical bioimped-
ance (125,258) (Fig. 11.17 and companion Table).

The palpated CRI rate in this study (4.54 ± 2.08 cpm, 0.04 
to 0.11 Hz) is consistent with the lower rates obtained by palpa-
tion and reported by the majority of previous investigators (240–
244) (Fig. 11.17 and companion Table 17). The inconsistency 
between palpation and instrumentation may be explained by the 
observation that the majority of examiners in the current study 
palpated such that a fl exion event was perceived coincident with 

Figure 11-12 FT of each segment, (no. 1) Control, (no. 2) Treat-
ment, and (no. 3) Response, of the CV-4 procedure, with the low-
frequency (A) and cardiac (C) components indicated.

Figure 11-13 Difference spectra comparing the component 
parts (Control, Treatment, and Response) of the CV-4 procedure, 
with the low-frequency (A) and cardiac (C) components indicated: 
(no. 1) Control minus Treatment, (no. 2) Treatment minus Response, 
and (no. 3) Control minus Response.
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then computed the CRI rate in cycles/min for each recorded value 
by dividing the total number of CRI cycles counted per subject by 
the time in minutes allowed at each measurement session.

The mean reported CRI rate for the entire study (N = 727) 
was 6.88 ± 4.45 cycles/min. When the groups were subdivided and 
analyzed according to experience level, it is of interest to note that 
examiners with the greatest experience level palpated at a rate of 
4.78 ± 2.57, a rate that is identical to the rate (4.54 ± 2.08 cpm) 
reported in Protocol 5.

Additional Observations: Variability in the Flowmetry Record: 
To date with more than one hundred and fi fty blood fl ow veloc-
ity recordings obtained, certain additional observations regarding 
bloodfl ow velocities in the 0.003 to 0.50 Hz frequency range can 
be made. The frequencies of the various oscillatory contributions 
to the bloodfl ow velocity record are reliably constant in the fre-
quencies that the component signals exhibit. The FT spectral peak 
of the very-low-frequency component (ranged between 0.003 and 
0.05 Hz) is found consistently between 0.01 and 0.04 Hz, and the 
low-frequency spectral peak (ranged between 0.10 and 0.20 Hz) 
is found consistently between 0.10 and 0.17 Hz. The respiratory, 
or higher-frequency, spectral peak (0.25 to 0.50 Hz) is more vari-
able, dependant upon the individual’s respiratory rate. Despite this 
consistency, visibly distinctive variability occurs from record to 
record depending upon the degree to which the respective compo-
nents contribute to the overall bloodfl ow velocity waveform. This 
results in visually recognizable patterns in the oscillations observed 
in the blood fl ow velocity record. Six fl owmetry record subsets 
have been identifi ed (Fig. 11.18) that are observed with reasonable 
frequency (264).

Three of these subsets exhibit a regular waveform that is easily 
recognized either in the original record or a record fi ltered using 
inverse FT. They differ in the amplitudes of the very-low-frequency 
and low-frequency signal components. In high-amplitude, strong-
regular (sr) and intermediate-regular (ir) records, the regular wave-
form can be observed in the original record (Fig. 11.18, 1 and 2). 
In the weak-regular (wr) record, the regular waveform is masked 
by the high-frequency cardiac signal, which must be removed by 
fi ltering in order to observe the lower-frequency regular waveform 
(Fig. 11.18, 3) (262).

Flowmetry records in certain cases lack any visibly distinct 
low-frequency waves. CRI palpation of subjects exhibiting such a 
fl owmetry record is often extremely diffi cult. Weak-irregular (wi) 
records are characterized by diminished very-low-frequency and 
low-frequency components (Fig. 11.18, 4). Often a relatively strong 
respiration signal also is present. Records with greatly diminished 
or undetectable low-frequency wave components are character-
ized as "low-baro" (lb) records (Fig. 11.18, 5) Excessive noise is 
the characteristic of high-noise (hn) records (Fig. 11.18, 6). This 
noise emanates from the subject. It is not an artifact of experi-
mentation and cannot be removed by moving the probe to a new 
location (262).

one low-frequency oscillation and an extension event perceived 
coincident with the next low-frequency oscillation (Fig. 11.14). 
This resulted in a ratio of palpated CRI to recorded low-frequency 
(0.10 to 0.20 Hz) oscillations of 1:2. If instrumental measurement 
of the CRI tracks the dominant low-frequency oscillation, then the 
discrepancy between the palpated and instrumental measurements 
is explained.

There is, however, the issue of the higher palpated rate (10 
to 14 cpm) consistent with the rates obtained by instrumentation, 
reported by Woods and Woods (238) and identifi ed in osteopathic 
textbooks (233–237). Infrequently an examiner will palpate the 
CRI at a 1:1 ratio to the low-frequency oscillation (Fig. 11.15).

The difference between these palpation-to-fl owmetry ratios 
may be explained by the observation from Protocol 4 of the previ-
ously unreported 0.08 Hz (4.5 cpm) frequency wave in bloodfl ow 
velocity. The reported rate for the CRI in this study is 2.46 to 6.62 
(4.54 ± 2.08) cpm, or 0.04 to 0.11 Hz. The low-frequency wave 
between 6 and 12 cpm (0.10 to 0.20 Hz) is twice as great. Thus, it 
may be concluded that the majority of individuals track the 0.04 to 
0.11 Hz frequency while some individuals track the greater 0.10 to 
0.20 Hz frequency.

It is worth noting here that an additional study (Protocol 6), 
using an entirely different method to measure the CRI rate, fully 
corroborates the fi ndings of Protocol 5 (246). This study provides a 
statistical N of 727 subjects, consisting of several smaller groups, 
from 16 to 86 individuals each, divided according to level of expe-
rience, that is, students with 1-year training, students with 2-year 
training and practitioners with 1 to 25 years of postgraduate expe-
rience. Participants palpated CRI rates on each other. Half of each 
group acted as examiners, while the other half were subjects. The 
examiners palpated the CRI using the classically described vault 
hold (233,234). They were not told how long they would be palpat-
ing, only to count the number of complete biphasic CRI cycles that 
they palpated during the acquisition period. The number of cycles 
each examiner reported was kept private so that no one was aware 
of the rates other participants reported. Following this, the pairs 
exchanged positions, and the protocol was repeated. The statistician 

Figure 11-14 Palpation of the CRI compared to the laser-Doppler 
blood fl ow velocity record. The top trace shows the low-frequency 
(LF) oscillation (oscillating trace) and the CRI (palpation of “fl exion/
extension,” vertical EMs) in a 2:1 ratio. Bottom trace: Compressed 
fl owmetry record demonstrating the 2:1 ratio. This is the most fre-
quently encountered LF oscillation to CRI ratio demonstrated by 
skilled examiners.

Figure 11-15 Bloodfl ow velocity record and CRI (palpation of 
“fl exion/extension”) in a 1:1 ratio.

Figure 11-16 Pause in the palpation record coincidental with a 
decrease in low-frequency oscillation amplitude. Several examiners 
have commented on the perception of a “still point” at such times, 
although they were blinded to the fl owmetry record.
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4. Cranial manipulation appears to exert effects upon barorefl ex 
physiology (Protocols 2 to 4).

5. Cranial manipulation affects the low-frequency, 0.10 to 0.20, 
Hz signal, and to a lesser extent the very-low-frequency, 0.003 
to 0.05 Hz, signal in bloodfl ow velocity and does so in a man-
ner consistent with the type of manipulative procedure being 
employed (Protocols 2 to4).

6. A signal of frequency 0.08 Hz (0.04 to 0.11 Hz) has been iden-
tifi ed in the fl owmetry record that is closely related to the 0.10 
to 0.20 Hz signal. Both are demonstrated to be affected by cra-
nial manipulation, in this case CV-4 (Protocol 4).

7. Although not everyone appears to be palpating the CRI at 
the same frequency, everyone tracks the 0.10 to 0.20 Hz 
signal, with the majority tracking at 0.04 to 0.11 Hz or one 
CRI cycle to two low-frequency bloodfl ow velocity waves 
(Protocol 5).

8. The nearly identical palpated rates for the CRI of 4.54 ± 2.08 
cpm (Protocol 5) and 4.78 ± 2.57 cpm (Protocol 6) appear to indi-
cate that the majority of experienced practitioners are tracking 
the 0.08-Hz (4.5 cpm) minor signal (Protocol 4).

9. A new normative range for the CRI of 2 to 7 cpm, as palpated by 
experienced examiners, has been identifi ed (Protocols 5 and 6).

Human physiology abounds with oscillating phenomena in 
the low-frequency (0.10 to 0.20 Hz) range. Many of these phe-
nomena can be directly or indirectly linked to oscillations in the 
autonomic nervous system, particularly, but not limited to, the 
sympathetic nervous system. The CRI, with reported rates rang-
ing from 2 to 14 cpm (0.04 to 0.23 Hz), shares the spectral fre-
quency band with these physiologic phenomena. It is naïve, 
therefore, to draw the conclusion that these measurable phe-
nomena are the PRM, or even the CRI. They are not. But they 
are certainly linked to one another and offer points of access 
through which the elusive aspects of cranial osteopathy may be 
studied.

The above protocols represent only the beginning of the work 
that needs to be done. They provide potential explanation for the 
physiology underlying the PRM. The conclusions offered, although 
controversial to some, cannot be denied. Although the oldest 

Interrater Reliability: During fl owmetry recording, irregularities 
were observed resulting in gaps in both the palpatory and the fl ow-
metry records. In some instances, these gaps were recognized and 
reported by the examiners as “still points” (Fig. 11.16) (261) When 
calculating the rate of the CRI (144), it was necessary that portions 
of each record be selected where the CRI was palpated consistently, 
without large “palpatory gaps.” This was necessary because exam-
iners often had diffi culty consistently following the CRI. Addi-
tionally, it has now been noted, in two separate publications, that 
the CRI demonstrates a signifi cant frequency modulation, which 
causes the rate to vary rhythmically approximately 20% (120,174).

Even if the issue of individual examiners palpating at 1:1 and 
1:2 when comparing palpated CRI to the low-frequency oscillation 
in the fl owmetry record is not given consideration, the irregularity 
of the palpatory records, the presence of still points, and the pres-
ence of a frequency modulation of 20% in the rate of the CRI will 
all contribute to such temporal variability in the sequential palpa-
tory records of two individuals tracking the CRI that sequential 
interrater reliability becomes virtually impossible to establish. (This 
addresses the inability to demonstrate interrater reliability between 
sequential examiners but not between two examiners simultane-
ously palpating.)

Conclusions from the Above Six Protocols

From the protocols described, the following conclusions can be 
drawn:

1. Palpation of the CRI tracks identifi able frequencies in blood-
fl ow velocity (Protocol 1).

2. The very-low-frequency (0.003 to 0.05 Hz, 0.18 to 3.0 cpm), 
low-frequency (0.10 to 0.20 Hz, 6.0 to 12 cpm) components 
of the fl owmetry record, respectively, are remarkably consis-
tent with the “slow tide” (six cycles in 10 minutes) and the “fast 
tide” (8 to 12 cpm) of the PRM as described by Becker (260) 
(Protocol 1).

3. Cranial palpation alone may be employed as sham treatment 
for research into the clinical impact of cranial manipulation 
(Protocol 2).

Figure 11-17 A graphic repre-
sentation of quantifi ed rates for the 
CRI reported in the literature over 
the past 45 years. It is of interest 
to note that (with the exception of 
Woods, 10 to 14 cpm) when palpa-
tion is employed to obtain data, 
the reported rate tends to be lower 
(3 to 9 cpm), while if data are 
obtained by instrumentation, of any 
type, the reported rate tends to be 
higher (7 to 14 cpm).
Figure 11-17 Companion Table 
Caption. Comparison of palpated 
and instrumental CRI rates.
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oscillate. Oscillation provides a stable regulator, a reference point. 
It is a means for maintaining a system at its normative level of 
activity.

Oscillations are, in fact, energy. They are NOT matter. 
They are transmitted by matter, and in the process they trans-
mit information. That information is a product of the frequency 
and power of the oscillation. It is further enhanced by the inter-
action of the specifi c oscillatory frequency with that of other 
oscillations. The strength of an oscillation may be augmented by 
entrainment with other oscillations of appropriate frequency. The 
resultant synchrony increases the power of the communicating 
frequency.

Frequency defi nes an oscillation’s position within any given 
(frequency-domain) spectrum. It is a function of the rate of the 
regulated processes. Oscillation is a form of communication. The 
power of the communicating oscillation can be transferred to other 
frequencies through appropriate modifi cation, that is, the various 
modes of modulation. Modulation is the result of communication 
among interacting frequencies.

The timing or phase of a given oscillation can enhance or 
negate another oscillation. To the degree that two oscillations are 
in phase, the power of the resultant oscillation will be augmented 
(or diminished).

A guitar string, in of itself, makes no sound until energy is 
provided by plucking the string. The string then oscillates at the 
frequency that its length, diameter, and tension dictate. This in 
turn excites the surrounding air that carries the waveform to your 
ear from where the information from the energy of the wave-
form is transmitted to your auditory cortex to be interpreted. 
The complexity of the message may be increased by simultane-
ously, plucking several strings to form a cord, and by sequentially 
playing cords to produce a tune. When several variations of that 
tune are provided by many musical instruments, a symphony 
results.

This simple example applies to all waveforms in all the ways 
that the laws physics permit their interaction. Oscillations all carry 
information and are subject to synchrony, modulation, and phase. 
They interact with other oscillations with resultant harmony or 
dissonance. Thus, it has been said, “The order of music is a bastion 
against chaos” (263). It may be an oversimplifi cation, but health 
can be seen as harmony among physiological oscillations and dis-
ease as dissonance (264). As Littlejohn pointed out (1):

It is this that lies at the basis of all mechanical systems of healing, 
the setting up of increase or the checking of the vibratile impulses, 
the correction in the distribution of the normal vibrations sent out 
from the brain center of control and distributed by co-ordination 
from the different planes of center activity.

Practitioners of manual therapeutics are aware of the signifi -
cance placed upon oscillatory rhythms in several aspects of osteo-
pathic theory and practice. Certainly, the low-frequency oscillation 
of the CRI immediately comes to mind (144). In this paradigm, the 
incitant procedure of temporal rocking and the intentional damp-
ening of the rhythm with CV-4 are both examples of therapeutic 
control of a biological oscillation. Fulford’s percussion hammer is 
another such example. This device vibrates in the range of the fre-
quency of middle C on the piano (262 Hz) and is proposed to affect 
fascial dysfunction (265). (Middle C is the major sixth relative to 
A at 440 Hz.)

There are, however, many more examples that may not imme-
diately spring to mind. Among the fi rst therapeutic procedures 
taught to osteopathic students is the soft tissue stretching of the 
spinal paravertebral musculature. The student is taught to laterally 

protocol involving fl owmetry was published a decade ago, these 
studies have not, as yet, been replicated. It also must be acknowl-
edged that these studies provide no clinical validation of cranial 
osteopathy. They address only basic science issues and offer no 
understanding as to how modulation of low-frequency physiologi-
cal oscillations provides any therapeutic benefi t. The door has been 
opened for further study.

CLOSING REMARKS

This chapter has looked at the entire frequency spectrum of oscil-
lation that affects human beings, from milliseconds to millennia. 
Oscillation impacts all aspects of human life. The steady state, the 
position of equilibrium in any system, is subject to drift unless a 
corrective force is applied to oppose the drift. Oscillation is a pro-
cess that regulates the drift of a system by constantly returning it 
to a point of equilibrium. Thus, it is advantageous for systems to 

Figure 11-18 Observed fl owmetry record subgroups: sr (47% of 
cases), ir (9%), wr (11%), wi (17%), low barrow (lb; 13%), and hn (3%). 
For each subgroup illustrated, the fi ltered trace (a), top, shows the 
oscillation created from only the very-low-, low-, and respiratory fre-
quency components (below 0.5 Hz), and the bottom trace (b) shows 
the complete data record containing all component frequencies.
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stretch the paravertebral soft tissues, to gently release them, and 
then to repeat the process. The aware student quickly realizes 
that there is a comfortable rate with which this procedure can be 
applied. One may have had a similar experience when perform-
ing rib raising or the pedal fascial lymphatic pump of Dalrym-
ple. As Dr. Littlejohn indicated, the body will respond optimally 
when therapeutic manual procedures are applied rhythmically 
and at the proper frequency. Not just in the case of the examples 
here listed, but for essentially all types of manipulative treatment 
from cranial and indirect functional to direct articulatory and even 
high-velocity low-amplitude procedures. Additionally, the appli-
cation of vibratory forces may be employed diagnostically, like 
sonar, that in skilled hands can pinpoint a locus of dysfunctional 
restriction (266).

When performing an examination of any tissue, after having 
read this chapter, should clinicians take the time of day into con-
sideration because of the presence of the circadian rhythm? Is the 
patient hungry and their ultradian rhythms no longer synchronized 
with their circadian rhythms? Is their heart rate variability damped 
and no longer responding to their circadian or ultradian signals?

Contemporary medicine considers homeostatic parameters and 
defi nes pathology as existing outside of those parameters. As such, 
therapies are commonly directed at lowering or raising the abnor-
mal average. There may well be a better way! As Dr. Littlejohn indi-
cated, the body will respond optimally when therapeutic procedures 
are applied rhythmically and at the proper frequency. He proposed 
that the therapeutic effect of osteopathic treatment is through the 
use of the physiological frequencies to affect the oscillations that 
share those frequencies. Thus, it is proposed that osteopathic treat-
ment entrains physiological phenomena replacing dissonance with 
enhanced power and harmonic resonance (1,194,203).
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Anatomy and Physiology of the 
Lymphatic System
HUGH ETTLINGER AND FRANK H. WILLARD

The extracellular fl uid provides the environment in which cellular 
exchange of gases and nutrients takes place. Within these confi nes, 
intrinsic homeostatic mechanisms operate to maintain concentra-
tion gradients for cellular exchange. The lymphatic system plays 
an integral role in this process, removing fl uid, particulates, and 
extravasated proteins from the interstitium, to maintain osmotic 
balance between the extracellular, intracellular, and intravascular 
fl uids (Fig. 12.1). Overall, approximately 10% of intravascular pro-
tein and fl uid volume “leak” out into the interstitial space each day 
and must be returned to the circulation via the lymphatics. Acute 
infl ammation disrupts the homeostatic process in the interstitium 
and dramatically increases the burden on the lymphatic system. 
This chapter will review the anatomy and physiology of the lym-
phatic system, including the role it plays during infl ammation and 
healing.

Infl ammation is the generalized response of the body to injury 
or infection. It is a hallmark of most acute illness. Infl ammation is 
perhaps most accurately viewed as part of a process by which the 
body defends against injury or infection and repairs the injured tis-
sue. This process involves the vascular system, the immune system, 
and the nervous system, as well as the surrounding connective tis-
sues. A wide variety of chemical mediators, produced locally and 
systemically, communicate between the cells of these systems, and 
control the progression of infl ammation and healing. Continuous 
production and removal of these infl ammatory mediators is essential 
for smooth and effi cient progression and resolution of infl amma-
tion and healing. Delay in the removal of infl ammatory mediators 
and exudates early in the process may result in prolonged infl am-
mation with poor or delayed healing. Delayed removal of media-
tors later in the process may lead to a prolonged healing process, 
eventually leading to adhesions and/or fi brosis. The tissue drainage 
provided by the lymphatics offers an escape route for many of these 
mediators, as well as the infl ammatory exudate, and plays a role in 
virtually every aspect of the infl ammatory process. Understanding 
the factors infl uencing lymph formation and removal from tissue is 
critical to the Osteopathic diagnosis and treatment of any patient 
with an acute or chronic infl ammatory process.

THE LYMPHATIC SYSTEM AND INFLAMMATION

Vasodilatation and increased capillary permeability occur early in 
the infl ammatory process, and together are responsible for the tre-
mendous infl ux of fl uid and plasma protein into the interstitium 
of the infl amed tissue. This leaves a preponderance of red blood 
cells in the intravascular space, greatly increasing its viscosity, and 
potentially creating stasis of venules and capillary beds (Movat and 

Wasi, 1985). The lymphatic system, therefore, becomes responsible 
for virtually all fl uid drainage from infl amed tissues. The rate of 
blood supply, and the delivery of antibodies, centrally produced 
mediators, medications, and the oxygen and nutrients necessary to 
fuel cellular activities will be limited, or even determined, by the 
rate of lymph fl ow.

Normal venous drainage will be restored when capillary per-
meability returns to normal and the osmotic gradient between the 
interstitium and the vascular system permits suffi cient fl uid return 
to reduce the viscosity of capillary blood. Capillary permeability is 
controlled by a variety of endogenous vasoactive mediators, includ-
ing histamine, bradykinin, and prostaglandin E. Although these 
mediators can be inactivated locally, there is evidence that lymph 
drainage also provides a means by which they are removed and/or 
inactivated. Bradykinin has been shown to be inactivated systemi-
cally by plasma (Hurley, 1984). Histaminase, responsible for 30% 
of histamine breakdown, has been identifi ed in high levels in the 
thoracic duct (Atkinson, 1994). Prostaglandin E has been identi-
fi ed in the lymph effl uent draining from infl amed tissues (Movat 
and Wasi, 1985). The relative importance of tissue drainage and 
other mechanisms in the inactivation of these mediators has not 
been elucidated. The osmotic pressure in the interstitium will 
change when proteins and other osmotically active particles are 
removed. Extravasated protein and large particulates cannot return 
via the venous system, even when capillary permeability is maxi-
mally increased (Hurley, 1984), nor is there any evidence that pro-
tein is catabolized in the interstitium (Aukland and Reed, 1993). It 
is therefore evident that the removal of protein from tissue depends 
heavily on the lymphatic drainage of the tissues.

Infl ammation generates both local and central immune 
responses. Locally, chemotactic mediators draw neutrophils and 
monocytes to the area. Neutrophils release lysosomal enzymes into 
the interstitium that can kill bacteria, but can also be destructive to 
local tissues. They are responsible for much of the tissue damage 
that accompanies acute and chronic infl ammatory processes. The 
tissue damage created by neutrophilic lysosomes can be similar to 
that caused by pancreatic enzymes. However, a recent study has 
suggested that the macrophage in combination with the lymphatic 
system may serve to blunt the effect of the neutrophil in chronic 
infl ammatory diseases. As the infl ammation progresses, the poly-
morphonuclear leukocytes (also termed PMNs) undergo apoptosis 
and the remains are ingested by macrophages in a manner that 
does not release lysosomal enzymes or provoke proinfl ammatory 
responses (Lawrence and Gilroy, 2007). If the PMNs are not phago-
cytized, they eventually undergo secondary necrosis, releasing their 
damaging lysozymes into the tissue. The ingesting macrophages 

K E Y  C O N C E P T S
■ The lymphatic system removes fluid, particulates, and extravasated proteins from the interstitium, maintaining 

osmotic balance between the extracellular, intracellular, and intravascular fluids
■ Inflammation is the generalized response of the body to injury or infection.
■ Virtually all vascularized tissues have lymphatic capillaries that provide lymph drainage.
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in the removal and inactivation of bradykinin and histamine. 
A variety of infl ammatory mediators, including bradykinin, prosta-
glandins, leukotrienes, IL-1, and histamine, can stimulate primary 
afferent nociceptors (Levine et al., 1993), potentially resulting in 
hyperalgeasia of the surrounding tissue. As these mediators are dis-
sipated, the rate of depolarization of the primary nociceptors will 
remit, and infl ammatory pain will be reduced.

The repair of injured or infected tissue proceeds as the acute 
infl ammatory process resolves. Fibroblasts, which lay down the 
matrix of the scar tissue, are stimulated by the infl ammatory exu-
date, as well as several complementary factors and cytokines. As 
the balance between proinfl ammatory and profi broblast forces 
shifts, the infl ammatory process shifts to the healing phase. By con-
tinually clearing the interstitium of exudate, including infl amma-
tory mediators, the lymphatics can allow this shift to occur more 
rapidly and smoothly. Should proinfl ammatory mediators remain 
in the interstitium, acute infl ammation will persist, and healing 
will be delayed. The healing process resolves when the infl amma-
tory exudate is removed, and fi broblast activity decreases. Persis-
tence of the infl ammatory exudate in peripheral tissue will lead to 
excess local scarring and fi brosis. Plasma proteins, when trapped 
in the interstitium, attract monocytes. Platelets, extravasated into 
the tissue, release growth factors such as epidermal growth factor, 
platelet-derived growth factor, and transforming growth factor 
b (TGF-b). The latter, TGF-b, helps in the conversion of monocytes 
to macrophages. These latter cells also release numerous growth fac-
tors including Fibroblast Growth Factor (FGF) and TGF-b, which 
attract and stimulate fi broblasts, eventually leading to fi brogenesis, 
which can contribute to tissue repair in the acute state as well as 
fi brosis of tissue in the chronic state (Witte and Witte, 1984; also 
see chapter 7 on the fascial system in this volume). Repeated experi-
mental injection of plasma into soft tissue produced both chronic 
infl ammation and scar formation (Witte and Witte, 1984). The 
lymphatics are the predominant means by which the infl ammatory 
exudate is removed, and so are intimately involved in the progression 
and resolution of the healing phase of the infl ammatory process.

The process of infl ammation and healing is the bodies’ response 
to injury and infection. The lymphatics play a role in every aspect 
of this process. In essence, the lymphatic system is responsible for 
maintaining an interstitial environment conducive to the rapid, 
unimpaired progression and resolution of this complex process.

There are several categories of disease processes which warrant 
a focus on the lymphatic system:

1. Chronic infl ammatory diseases: These range from smoldering, 
subclinical infections such as osteomyelitis to autoimmune and 
collagen vascular diseases such as rheumatoid arthritis. Although 
most chronic infl ammatory diseases are attributed to persis-
tent infl ammatory stimuli, there are suggestions that reduced 
lymph drainage may play a role. Weak antigenic stimulation of 
regional lymphocytes was found in experimental lymphedema 
(Witte and Witte, 1984). This fi nding was implicated in the 
susceptibility to infection that often complicates lymphedema. 
Increased lymph drainage from the site of infection should 
improve immune response and local circulation.

Rheumatoid arthritis is thought to occur as a response to immune 
complexes. These complexes, and the infl ammatory exudate they 
produce, are removed by lymphatic drainage. The infl ammatory 
exudate is responsible for the pain and tissue destruction associated 
with this disease. Increased lymph production and drainage from 
rheumatoid ankles has been demonstrated in humans; in addition, 
this drainage contained elevated levels of proinfl ammatory cytok-
ines (Olszewski et al., 2001).

must then be either removed from the tissue or themselves undergo 
apoptosis. Bellingan et al. (1996) have found most macrophages 
are removed via lymphatic drainage, implicating lymph drainage in 
another important aspect of resolving the infl ammatory process.

Lymph drainage has been shown to dramatically reduce the 
tissue-damaging effects of pancreatic enzymes with obstruction 
of the main pancreatic duct in dogs (Witte and Witte, 1984). 
Neutrophilic lysosomes have been identifi ed in lymph draining 
from infl amed tissues (Movat and Wasi, 1985). Drainage of these 
enzymes may be important in limiting their destructive effects on 
tissues.

Central immune responses involve stimulation of T-cells and 
B-cells by antigen in lymph nodes and other lymph organs. Deliv-
ery of antigen to these lymphoid organs occurs entirely by lymphatic 
drainage of antigen and antigen-containing macrophages from the 
site of injury. Weakening of antigenic stimulation has been demon-
strated in chronic lymph stasis and lymphedema (Witte and Witte, 
1984). Conversely, the B-cell response to immunization in medical 
students was increased by manipulating the rate of lymph drainage 
using the lymphatic pump technique (Measel, 1982).

Systemic responses to infl ammation occur in the liver and brain. 
The proinfl ammatory cytokine interleukin-1 (IL-1) is involved in 
the stimulation of both of these organs. IL-1 stimulates the pro-
duction of acute phase reactant proteins from the liver (Movat and 
Wasi, 1985). It has also been shown to reach circumventricular 
organs in the ventricular system of the brain, where it produces fever 
and stimulates the hypothalamic-pituitary axis (Dinarello, 1992). 
IL-1 is produced by monocytes and macrophages locally during 
an infl ammatory process. Although there are systemic sources of 
IL-1 production, locally produced IL-1 has been shown to pro-
duce fever and stimulate acute phase protein production (Movat 
and Wasi, 1985). Locally produced IL-1 gains access to the sys-
temic circulation via lymphatic drainage. Both prostaglandins and 
leukotrienes have been found in lymphatic drainage of infl amed 
tissues, and there is evidence that lymphatic drainage is involved 

Figure 12-1 Tissue fl uid homeostasis and the lymphatic system. 
Blood is passing from left to right in this capillary (small curved 
arrows). The high capillary pressure on the left side of the bed forces 
fl uid and small proteins outward into the extracellular matrix (large 
downward arrow). Toward the right side of the bed, the oncotic 
pressure from concentrated proteins in the capillary blood draws 
fl uid back into the capillary. Residual fl uids and proteins are left in 
the extracellular matrix; these fl uids pass into the terminal lymphatic 
vessels for reentry into the system circulation through the venous 
connections in the upper thorax.
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valve system” that prevents refl ux of fl uid into the interstitium from 
the initial lymphatic ( Mendoza and Schmid-Schonbein, 2003; 
Trzewik et al., 2001; Schmid-Schonbein, 2003). A recent study 
demonstrated the lack of adhesion molecules at the junction of 
the endothelial cells of the initial lymphatic, a structural feature 
necessary for this function (Murfee et al., 2007). In addition, the 
basement membrane of the terminal lymphatic is discontinuous, 
thereby facilitating the movement of fl uid into the vessel (Witte 
et al., 2006). This arrangement provides for a one-way fl ow of lym-
phatic fl uids from the extracellular space into the initial lymphatic 
vessels. It is important to note that these valves do not act as fi lters; 
thus, fl uid moving into the lumen of the terminal lymphatic ves-
sel has the approximate composition of extracellular fl uid. Finally, 
lymphatic capillaries lack smooth muscle cells in their walls; thus, 
they are dependent on outside forces to both fi ll the terminal vessel 
and then expel lymph into the collecting vessels; this concept will 
be discussed further in the section on lymph formation. The dis-
continuous basement membrane, open interendothelial junctions, 
and the anchoring fi laments all help to distinguish the terminal 
lymphatic from a capillary bed (Witte et al., 2006).

COLLECTING VESSELS

The initial lymphatic ends at the fi rst bicuspid valve, which demar-
cates the beginning of the collecting vessel (Fig. 12.2). Collect-
ing vessels develop a thin connective tissue layer to support the 
endothelium, and an increasing amount of smooth muscle, which 
is arranged in a woven mat surrounding the vessel and concentrated 
near the valves. The smooth muscle layer progressively thickens in a 
proximal direction and eventually the vessels develop a three-layer 
arrangement much like a small vein, with a tunica intima, media, 
and adventitia. Lymphatic vessels differ from veins in that they 
have far more valves in the vessels to prevent backfl ow. Lymphatic 

2. Fibrotic diseases: Progressive interstitial fi brosis is a characteristic 
of chronic lymphedema. The pattern and time course of the 
fi brosis produced by experimental lymphedema is strikingly sim-
ilar to a variety of diseases, including cirrhosis, interstitial lung 
diseases such as silicosis, regional ileitis, and even atheroscle-
rosis (Witte and Witte, 1984). Each of these diseases involves 
repeated infl ammatory events with a progressive build-up of pro-
tein rich tissue fl uid, infl ux of leukocytes, release of proinfl am-
matory cytokines, and fi broblast stimulation, eventually leading 
to fi brosis. Postoperative adhesions, common in abdominal sur-
geries with peritonitis, or other massive infl ammatory processes, 
may result from inadequate drainage of the abdominal exudates. 
Similarly, surgeries involving lymph node dissections or disrup-
tion of lymphatics, such as a modifi ed radical mastectomy, may 
result in lymphedema from fi brosis and adhesions. OMT to pro-
mote lymph drainage early in these diseases may help prevent 
the development of these long-term problems.

ANATOMY OF THE LYMPHATIC SYSTEM

General Aspects

Virtually all vascularized tissues have lymphatic capillaries that 
provide lymph drainage, the only exceptions being the central ner-
vous system, bone and bone marrow, the maternal placenta, and the 
endomyceum surrounding muscle fi bers. Cartilage, the lens and 
cornea of the eye, the epidermis, and the inner portion of the walls 
of large blood vessels are not vascularized and also have no lymph 
drainage. The lymph system begins in the interstitial space of tis-
sues with initial lymphatics, also termed terminal lymphatics, or 
lymph capillaries (Fig. 12.1). These coalesce into collecting chan-
nels, which drain into progressively larger prenodal or afferent ves-
sels (Fig. 12.2). All lymph then passes through one or more lymph 
nodes, which fi lter and alter the lymph in a variety of ways before 
draining into larger postnodal or efferent trunks. These trunks ulti-
mately return lymph to the venous system either via the thoracic 
duct on the left or the right lymphatic duct. Lymph from the lower 
portion of the body, as well as the left thorax and part of the left 
lung, the left arm, and the left side of the head and neck return via 
the thoracic duct. Lymph from the heart, all of the right lung and 
the right arm, right side of the head and neck and diaphragm drain 
to the right lymphatic duct (Fig. 12.3).

ANATOMY OF THE LYMPH VESSELS

Initial Lymphatics—Lymphatic capillaries are blind-ended ter-
minals that end in interstitial spaces (Fig. 12.2). They comprise 
endothelial cells in a single layer, which contain no tight junc-
tions, and are therefore permeable to large particles and proteins. 
Although their morphology differs in different tissues, there are 
notable similarities in anatomic microstructure that are critical to 
the function of these capillaries in lymph formation. Initial lymphat-
ics consist of overlapping endothelial cells lacking tight junctions 
but contain anchoring fi laments. Anchoring fi laments are collag-
enous bundles that attach to the external aspect of the lymphatic 
endothelium and imbed into the interstitial matrix (Figs. 12.1 
and 12.2). Their form and function are described in a series of arti-
cles by Leak (Leak, 1976, 1987; Leak and Burke, 1966; Leak and 
Jamuar, 1983). During situations of edema, anchoring fi laments 
prevent the collapse of the initial lymphatics as interstitial pressure 
rises. These fi laments also cause the lymphatic vessel to change 
shape and volume in response to tissue movement (Fig. 12.4). 
The overlapping endothelial cells are theorized to act as a “primary 

Smooth muscle cells

Endothelial cells

Valves

Lymphatic
capillaries

Anchoring
filaments

Lymphangions

Figure 12-2 The cytoarchitecture of the terminal lymphatics. The 
terminal lymphatics or lymphatic capillaries are seen as endothelial-
lined cul-de-sacs anchored into the surrounding extracellular matrix by 
small fi laments. The endothelial cells overlap creating one-way valves 
allowing fl uid in the ECM to leech into the terminal lymphatic but pre-
venting back drainage. The terminal lymphatics lack smooth muscle 
walls. The collecting vessels begin at the fi rst valve and have both 
smooth muscle walls and periodic valves derived from the endothe-
lium. (Modifi ed from L. N. Cueni and M. Detmar. The lymphatic sys-
tem in health and disease. Lymphat.Res.Biol. 6 (3-4):109-122, 2008.)
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Lymph is passed through nodes before draining into larger 
postnodal vessels. The collecting vessels prior to the lymph nodes 
are termed the afferent (prenodal) vessels, while those draining the 
node are termed the efferent (postnodal) vessel (Fig. 12.6). Lymph 
nodes are encapsulated and contain sinusoids that allow the lymph 
to “percolate” through a large surface area of cells and vessels. 
This fi ltration system is the means through which antigens in the 
lymphatic fl uid are trapped and immune responses are generated. 
Foreign particles are also removed by nodal macrophages via this 
mechanism. The lymph sinusoids are permeable to fl uid and small 
particles. This provides an area for exchange between the lymphatic 
and the venous systems. Free water may travel down a hydrostatic 
gradient from lymphatics to the venous system, effectively concen-
trating postnodal lymph (Adair et al., 1982). This can improve the 
overall effi ciency of the lymphatic system since removal of protein 
from the extracellular space is considered the primary function of 
the lymphatic system (Adair and Guyton, 1985). Increased venous 
pressure or congestion in the area of the nodes will interfere with 
this process, thereby increasing the resistance to lymph fl ow (Adair 
and Guyton, 1983; Aukland and Reed, 1993). Osteopathic treat-
ment to decongest areas around nodes, such as the popliteal spread 
or pectoral lift, may help maintain the downward hydrostatic gra-
dient between the lymphatic and the venous systems.

Postnodal or efferent vessels follow fascial planes, progressively 
moving toward the midline of the body, where they enter the medi-
astinum in either the abdomen, thorax, or cervical region. Eventu-
ally, the postnodal vessels drain into the right lymphatic duct or 
left thoracic duct. These large lymphatic ducts, such as the thoracic 
duct, are organized histologically like a medium-sized vein, except 
for the greater amount of smooth muscle and valves. Spontaneous, 
peristaltic contractions have been consistently observed in the tho-
racic duct of various species; the rate of these spontaneous contrac-
tions can be modulated by the sympathetic nervous system (Reddy 
and Staub, 1981).

valves are bicuspid, collagenous, and attach so as to have their 
narrow end pointed in the direction of the lymph fl ow, that is 
toward the larger vessels (Fig. 12.5). They operate at low fl ow rates 
and, since the valve fl aps are adherent to the vessel wall, are closed 
by retrograde fl uid pressure. The vessel between the valves and the 
proximal valve constitute the “lymphangion.”

Figure 12-3 The lymphatic system scheme. This diagram illus-
trates the overall distribution and fl ow patterns of the lymphatic 
system. (Taken from Basmajian JV. Grant’s Method of Anatomy. Bal-
timore, MD:Williams & Wilkins Company, 1975.)

Figure 12-4 The mechanics of the terminal lymphatic vessel. 
An endothelial cell–lined blood vessel is seen above and a termi-
nal lymphatic below. Fluid, particulates, and protein diffuse out of 
the vessel and into the extracellular matrix. From the matrix, these 
items can enter the terminal lymphatic vessel by passing through 
the small gaps in the endothelial lining. Due to the overlapping 
nature of these endothelial cells, back fl ow from the lymphatic into 
the matrix cannot occur. (Taken from Swartz MA. The physiology of 
the lymphatic system. Adv Drug Deliv Rev 50(1–2):3–20, 2001.)

Figure 12-5 The collecting vessel valves. On the left is a longitu-
dinal view of the valve in a collecting vessel. On the right are cross-
sections taken through the valve at three separate levels indicated 
by the horizontal lines. The leafl ets of the valve are fused to each 
other and to the wall of the vessel. As one progresses up the valve, 
the fusion of the leafl ets moves closer to the midline making it 
impossible for the valve to invert and thus producing one-way fl ow. 
(Taken from Swartz MA. The physiology of the lymphatic system. 
Adv Drug Deliv Rev 50(1–2):3–20, 2001.)
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beta-receptors and cholinergic innervation has not yet been fully 
elucidated. Eliminating the effects of the sympathetic nervous sys-
tem on the lymph vessels does not eliminate the peristaltic con-
tractions but prevents fi eld stimulation from increasing lymph 
fl ow (Hollywood and McHale, 1994), indicating the sympathetic 
nervous system does not initiate the peristaltic contractions, but is 
capable of modifying the intrinsic rate of contraction. This modi-
fi cation is most likely accomplished by varying the sensitivity of 
the autoregulatory mechanism in the lymphatic vessels to stretch 
(Witte et al., 2006). The fi nding of peptide containing fi bers in the 
innervation of the lymph vessels suggests the possibility of sensory 
refl ex modulation of lymph pumping, as well as an alternate means 
of modifying the pumping rate, as the lymphatic smooth muscle is 
responsive to substance P, which was identifi ed in the peptidergic 
nerves (Hukkanen et al., 1992).

All lymph organs have been demonstrated to receive a sympa-
thetic innervation; however, no consistent fi ndings of parasympa-
thetic innervation have been reported (Nance and Sanders, 2007). 
Sympathetic stimulation has been shown to modify lymphocyte 
activity (Felten et al., 1984), as well as cause contraction of the 
lymph node capsule, resulting in an increase in the output of lym-
phocytes from nodes ( McGeown, 1993; McHale and Thornbury, 
1990; Thornbury et al., 1990). It has been theorized that the pri-
mary role of the sympathetic innervation of the lymphatic system is 
to modify the immune response, rather that increase fl ow through 
the vessels (McHale, 1992).

REGIONAL LYMPH DRAINAGE

The movement of lymphatic fl uids progresses from the peripheral 
tissues toward the midline of the body and, once on the midline, 
upward toward the cervicothoracic junction where these fl uids 
are returned to systemic circulation through the jugular or sub-
clavian veins. In general, lymph from the two lower extremities, 
pelvic basin, abdomen, left thorax, left upper extremity, and left 
side of the head targets the thoracic duct for return to the venous 
compartment. Lymphatic vessels draining the right thorax, upper 
extremity, and right side of the head fl ow into the right lymphatic 
duct before entering the venous compartment (Fig. 12.7).

There are slight variations in the structure and of initial lym-
phatics and collecting channels in various organs and tissues that 
offer insight into the physiology of lymph formation and propul-
sion. Some of those differences will be described here as well as the 
main pathways of drainage of the lymph system.

Peripheral Tissues

There is a superfi cial and deep drainage of the upper and lower 
extremities. The superfi cial drainage follows subcutaneous routes 
to proximal nodes at the axilla and inguinal areas. Deep drainage 
follows the neurovascular structures to the same ultimate endpoint 
and has various nodes at intermediary sites. The upper limb lymph 
exits the axilla via a somewhat vulnerable route through the thoracic 
outlet, exiting the limb beneath the pectoralis minor muscle, and 
entering the thorax through the costoclavicular space (Fig. 12.8). 
Here, the upper extremity lymph channels join with those from the 
anterior thoracic wall including the breast tissue in the female. The 
lower extremity drainage enters the abdomen through the femoral 
triangle, in close proximity to where the iliopsoas tendon crosses 
the hip joint (Fig. 12.9). The deep drainage of the foreleg passes 
into the popliteal space between the two heads of the gastrocne-
mius and exits the popliteal space between the heads of the ham-
strings. The small, pliant lymph vessels are most vulnerable to tissue 

INNERVATION OF LYMPHATIC VESSELS

The smooth muscle in the wall of the lymph vessel contains adren-
ergic, cholinergic purinergic, and peptidergic nerves (Alessandrini 
et al., 1981; Witte et al., 2006), although a sympathetic innervation 
has been more consistently observed (McHale, 1990). Chemical 
stimulation in vitro of the adrenergic receptors causes contrac-
tion of the lymphatic smooth muscle (Thornbury et al., 1989); 
the effect of cholinergic stimulation has been variable (McHale, 
1990) and has been questioned by a more recent study (Thornbury 
et al., 1989). Beta adrenergic receptors have been identifi ed that 
cause relaxation of lymphatic smooth muscle (Ikomi et al., 1997). 
Electrical stimulation of sympathetic nerves and/or ganglia also 
consistently increases the contractility of the smooth muscle, 
increasing stroke volume of the vessels (Benoit, 1997; McGeown 
et al., 1987; Thornbury et al., 1993). The innervation, like the pres-
ence of smooth muscle, is greatest in the larger vessels. The overall 
effect of sympathetic stimulation, which appears to be increas-
ing lymph fl ow, is mediated via the alpha receptors. The role of 

Figure 12-6 The lymphatic system. This fi gure illustrates the affer-
ent lymphatic collecting vessels arising in the tissue between the 
arterial and venous system and extending to the lymph nodes. The 
efferent vessels arise in the capsule of the lymph node and progress 
toward the thoracic duct. (Taken from Agur AM, Dalley AF. Grant’s 
Atlas of Anatomy, Philadelphia, PA: Lippincott Williams & Wilkins, 
2009.)
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vessel is relatively large in size, suggesting the effectiveness of the 
skeletal muscle contraction in propulsing the lymph through these 
small vessels (Schmid-Schonbein, 1990b).

The synovial fl uid of large joints is drained via the lymphatic 
system. Radiolabeled tracer placed into the synovial space of the 
knee joint of a pig could be followed as it was removed through 
the lymphatic channels and entered the thoracic duct. The synovial 

tension as they pass through narrow spaces such as these. When 
suffi cient tension is present, it may limit the lymphatic drainage 
of the respective extremity. Increasing outfl ow pressure has been 
shown to reduce lymph fl ow in vitro (Eisenhoffer et al., 1993).

The small collecting vessels draining skeletal muscle have been 
shown to have signifi cantly less smooth muscle. In fact, the smooth 
muscle wall of the lymphatic vessels does not develop until the 

Figure 12-7 Regional lymphatic drainage of the thorax. The thoracic duct and right lymphatic duct are shown in 
green. (Taken from Agur AM, Dalley AF. Grant’s Atlas of Anatomy, Philadelphia, PA: Lippincott Williams & Wilkins, 
2009. Figure 1-73.)
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Figure 12-8 Regional lymphatic 
drainage of the upper extrem-
ity. The lymphatic drainage of the 
upper extremity is seen entering 
the axillary region where it merges 
with that of the anterior chest wall 
including the breast tissue in the 
female. (Taken from Agur AM, Dal-
ley AF. Grant’s Atlas of Anatomy. 
Philadelphia, PA: Lippincott Wil-
liams & Wilkins, 2009. Figure 1-8.)

Figure 12-9 Regional lymphatic 
drainage of the lower extrem-
ity. Lymphatic drainage from the 
lower extremity is directed to 
the inguinal region, from which it 
passes along iliac nodes to reach 
the preaortic and aortic nodes. 
A and B are anterior and lateral 
views of the lymphatic drainage 
of the lower extremity, respec-
tively. In C the drainage of the 
inguinal nodes in to the iliac 
nodes is illustrated. Illustration 
D is a cross-section through the 
femoral triangle illustrating the 
narrow region through which the 
lymphatic drainage must pass. 
This is a lateral. (Taken from Agur 
AM, Dalley AF. Grant’s Atlas of 
Anatomy, Philadelphia, PA: Lip-
pincott Williams & Wilkins, 2009. 
Figures 5-7 and 5-18.)
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Figure 12-10 Regional lymphatic 
drainage from the head and neck. 
Lymphatic channels in the neuro- 
and visceral cranium converge on 
the carotid sheath, from which 
lymph passes downward to join 
the right lymphatic duct or the 
thoracic duct on the left.

Abdomen

There is lymphatic drainage of the gut tube, abdominal viscera, 
and mesenteries (Fig. 12.12A-D). The lymphatics of the intestines 
have lacteals for the unique purpose of absorbing fat (chyle) as part 
of the digestive process, giving abdominal lymph the characteristic 
milky color and consistency. The collecting lymphatics of the gut 
tube are similar to that of skeletal muscle, lacking smooth muscle 
for an unusually long distance, indicating the ability of peristalsis 
to propel lymph in this area (Schmid-Schonbein, 1990a,b). The 
lymphatic drainage of the mesenteries follows the vascular struc-
tures back through the roots, where they join the iliac and preaortic 
nodes on route to the cysterna chyle and thoracic duct. The preaor-
tic and aortic nodes are clustered around the three large unpaired 
arteries on the anterior aspect of the aorta, the celiac, superior 
mesenteric, and inferior mesenteric arteries (Fig. 12.12A-D).

Peritoneal and Pleural Fluid

Diaphragmatic stomata have been discovered on the inferior, and 
to a lesser degree the superior surface of the diaphragm that are 
open to the peritoneal and pleural cavities, respectively (Negrini 
et al., 1991; Tsilibary and Wissig, 1977; Wang, 1975). These sto-
mata are believed to act as “prelymphatics,” connecting to the 
diaphrag matic lymphatic channels and represent a major pathway 
for the drainage of peritoneal and pleural fl uid. Of radiolabeled 
tracer absorbed out of the abdomen of a sheep, 42% returned into 
circulation via the diaphragm and the remainder passed through 
other routes that include the organ walls and somatic body wall 
(Abernethy et al., 1991). In another study, Zakaria et al. (1996) 
found three routes for the removal of radiolabeled tracer from the 
peritoneum: 55% passed through the diaphragmatic, 30% through 
visceral lymphatics, and 10% to 15% through parietal lymphatics. 
Given these data, the diaphragm may be acting like a large sponge, 
absorbing fl uid from the peritoneal and pleural cavities as it relaxes 
and pumping that fl uid into the lymphatic collecting ducts on each 
contraction.

tracer was estimated to have a half-life of approximately 8.3 hours 
suggesting that synovial clearance via lymphatics is relatively quick 
from the large joints of the extremities ( Jensen et al., 1993).

Head and Neck

The deep cervical vessels and nodes lie in the carotid sheath, and 
this is the terminal pathway for all drainage of the head and neck 
(Fig. 12.10). Superfi cial drainage will usually pass through super-
fi cial nodes before passing to deep nodes. Many of these nodes lie 
along the sternocliedomastoid muscle. Others lie in the supoccipi-
tal space, over the parotid gland, and under the mandible. Much of 
the deep drainage, including that of the ear, sinuses, pharynx, upper 
larynx, and upper teeth, drain via the upper nodes through the jug-
ulodigastric node, which open into the deep chain in a narrow space 
between the mastoid process and the angle of the mandible. Drain-
age through this area may also be affected by local tissue tension.

Thorax

The heart has endocardial, myocardial, and epicardial lymph 
drainage (Fig. 12.11A). The vessels also have little smooth muscle 
and depend on myocardial activity for fl ow. The fl ow of drainage is 
from endocardial to myocardial to epicardial. The epicardial chan-
nels converge on the posterior aspect of the heart into a single, 
principal lymphatic trunk that drains to a pretracheal node and the 
cardiac lymph node. The drainage of the heart enters the right tho-
racic trunk (Fig. 12.11F). The pericardium drains into the thoracic 
duct and enters the left subclavian vein.

The lymphatics of the lung drain the pulmonary vascula-
ture and also the bronchial airways (Fig. 12.11B). Lymph chan-
nels travel as far as the terminal bronchiole and are thought to be 
important in the drainage of particulates and fl uid from the alveoli. 
Pulmonary lymph is formed by the expansion of the lungs during 
respiratory excursions, and drains out of the lungs at the hilum into 
the tracheobronchial nodes and into the right lymph trunk and 
thoracic duct (Fig. 12-11E & G).

Chila_Chap12.indd   198Chila_Chap12.indd   198 8/4/2010   3:51:45 PM8/4/2010   3:51:45 PM



 12 • ANATOMY AND PHYSIOLOGY OF THE LYMPHATIC SYSTEM 199

Fluids move in the direction determined by the sum of the hydro-
static and osmotic gradients across the membrane (Fig. 12.1). Cap-
illaries generally have a hydrostatic gradient that moves fl uid out at 
their arterial end and an osmotic gradient that returns fl uid to the 
capillary at the venous end. The search for similar hydrostatic and 
osmotic gradients across the lymphatic endothelium to account for 
the formation of lymph has been without success. Sampling of fl uid 
from the initial and small collecting lymphatics has consistently 
shown a protein concentration identical to interstitial fl uid (Benoit 

PHYSIOLOGY AND MECHANICS OF 
LYMPH FLOW

The movement of lymph is a fairly complex process involving sev-
eral steps or stages. Fluid must fi rst move from the interstitium into 
the initial lymphatic. It then travels through a series of progressively 
larger vessels until it drains into right lymph trunk or the thoracic 
ducts, which in turn drain into the subclavian veins. Lymph forma-
tion involves the movement of fl uid across a permeable membrane. 

Figure 12-11  Regional lymphatic drainage from the thorax. A. The lines of superfi cial lymphatic drainage have 
been marked on the skin of the left thorax of a male. B. The substernal lymphatic drainage from the diaphragm to 
the superior thoracic inlet is illustrated. C and D. The lymphatic drainage of the myocardium along the anterior inter-
ventricular route (left anterior interventriclar artery, C) and the anterior atrioventricular route (right coronary artery, 
D) routes have been illustrated. E. The lymphatic drainage of the tracheobronchial and esophageal systems are 
illustrated. F. the lymphatic drainage routes of the posterior aspect of the heart is illustrated. G. The deep lymphatic 
drainage of the retroesophageal area is illustrated.
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of lymph, one is naturally led to consider mechanical forces. The 
anatomical design of the initial lymphatic allows it to respond to 
a variety of forces in its environment. There are two anatomical 
features of initial lymphatics that are crucial in this regard.

The anchoring fi laments that tether the outside of the lym-
phatic endothelial cells to the collagen of the interstitium cause the 
lymphatic to change shape and volume in response to tissue move-
ment. Alternating movements create alternating volume changes in 
the initial lymphatic. These produce intermittent pressure gradients 
that move fl uid into the initial lymphatic. In the lung, for example, 

et al., 1989; Zawieja and Barber, 1987), virtually eliminating the 
possibility that an osmotic gradient accounts for lymph formation 
(Aukland and Reed, 1993). Similarly, the discovery of a negative 
interstitial pressure in most tissues eliminates the possibility of a 
continuous hydrostatic gradient from the capillary to the initial 
lymphatic (Aukland and Reed, 1993; Guyton and Barber, 1980). 
Although a negative pressure has also been found in the initial lym-
phatic, there appears to be a small uphill gradient between the inter-
stitium and the lymphatics (Aukland and Reed, 1993). Without a 
net osmotic or hydrostatic gradient to account for the formation 

Figure 12-11 (continued )
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open position, that is, anchoring fi laments hold the endothelial 
cells apart. This position is best suited for response to the 
compressive forces of peristalsis and the downward movement 
of the diaphragm (Schmid-Schonbein, 1990a,b). The situation 
appears reversed in the lungs, which allows the lymphatics to 
respond to expansion during exhalation. This suggests a structure/
function relationship, where the lymphatic structure develops to 
best utilize the local forces available for lymph formation.

movements of inhalation and exhalation alternately increase and 
decrease intralymphatic volume. The increased volume during 
inhalation lowers intralymphatic pressure and produces a gradi-
ent for the infl ux of fl uid. During exhalation, the fl uid is propelled 
forward into the collecting vessel. In the intestine, lymphatics lie 
between layers of muscle where they respond to peristalsis as well 
as the movement of the diaphragm during breathing. Interestingly, 
the resting position of the abdominal lymphatics appears to be an 

Figure 12-12 Lymphatic drainage of the abdominal organs: A. Regional lymphatic drainage of the stomach 
and proximal small bowel is illustrated. B. Regional lymphatic drainage of the spleen and pancreas is illustrated. 
C. the lymphatic drainage routes of the large bowels are illustrated. D. the lymphatic drainage routes of the liver and 
kidneys are illustrated.
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in tissue to maximize their exposure to the various external forces 
in their environment. Many lymphatics closely follow the arterial 
system, where they can respond to the pulse and vasomotion. 
Those in muscle are situated between layers, where they are effec-
tively compressed. Although the forces that form lymph are varied, 
all involve movements that alternately expand and compress the 

Lymphatics have been shown to respond to a variety of forces, 
including skeletal muscle contraction (Mazzoni et al., 1990), 
passive motion of the extremities (Gnepp and Sloop, 1978; Ikomi 
and Schmid-Schonbein, 1996; Ikomi et al., 1997), external tissue 
compression (McGeown et al., 1987), arterial pulse, and arteriolar 
vasomotion (Intaglietta and Gross, 1982). Lymphatics are oriented 

Figure 12-12 (continued )
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the intrinsic lymph pump (Crowe et al., 1997). They found that 
without a minimum amount of fi lling, no contractions occurred. 
They also found that more than half of the specimens studied, the 
contractions were preceded by a transient dilatation of the vessel, 
and that the propagation of the wave occurred relatively slowly, 
consistent with mechanical coupling. A minority of lymph speci-
mens (9/22) demonstrated characteristics of electrical coupling, 
bidirectional propagation at a more rapid speed. Crowe’s group also 
found that perfusion-induced contractile activity in most lymp-
hangions, regardless of how the contraction was propagated, and 
that the contraction frequency was dependent on the rate of per-
fusion. Lymph formation then appears to be capable of initiating 
propulsion in some cases and signifi cantly modifying it in others. 
Currently, there continues to be debate as to the relative impor-
tance of these two mechanisms in the functioning of the intrin-
sic lymph pump, but little debate about the relative importance of 
this pumping mechanism in the propulsion of lymph through the 
lymph vessel (Ohhashi et al., 2005; Witte et al., 2006). Ohhashi 
gives evidence of two separate pacemaker mechanism, one near 
the valve that responds to fi lling, and one near the middle of the 
lymphangion that responds to adrenergic stimulation, which may 
represent the source of the electrical pacemaker.

Lymph propulsion is also modifi ed by a variety of other fac-
tors. Lymphatic smooth muscle responds to both adrenergic and 
humoral infl uences. Adrenergic stimulation has been shown to 
increase contractility and stroke volume of lymphatic smooth mus-
cle (McHale, 1992). Humoral infl uences are important in lymph 
propulsion during infl ammation. This area of study is in its early 
stages. An experimentally induced infl ammatory process caused 
an increase in the stroke volume of the lymphatic vessels and an 
increase in lymph drainage (Benoit and Zawieja, 1992). Endotoxin, 
on the other hand, has a strong negative effect on lymph pumping 
and may explain some of the hemodynamic consequences of septic 
shock ( Johnston et al., 1987). In vitro, IL-1 and prostaglandin E1 
reduced lymph contractile activity (Hanley et al., 1989), while bra-
dykinin, PGH2, and NO increased lymph contractility ( Johnston 
and Gordon, 1981; Shirasawa et al., 2000; Yokoyama and Benoit, 
1996), as did Substance P (Zawieja, 1996). Neurogenic and 
humeral infl uences appear less important in the myogenic pump 
than volumetric displacements (Aukland and Reed, 1993).

The effect of external forces of lymph propulsion is somewhat 
controversial. Lymphatic vessels lack anchoring fi laments that 
would allow them to respond to the various forces that form lymph. 
On the other hand, the anatomical design of a thin-walled vessel 
with valves is consistent with propulsion from external compres-
sion. This is supported by the fi nding that lymphatics in the intes-
tine and skeletal muscle have an absence of smooth muscle for a 
much greater distance from their origin than those from other tis-
sues (Schmid-Schonbein, 1990b), presumably because compression 
from muscle contraction provides the necessary propulsive forces. 
Most studies on the effect of external forces on lymph fl ow do 
not distinguish the effect of these forces on lymph formation and 
propulsion. A study by McGeown et al. (1987) attempted to dis-
tinguish the effects of external compression on lymph formation 
versus propulsion. They created an infl ammatory process on the 
hoof of a sheep, and then applied compressive forces to the hoof, 
directly over the area of lymph formation, and compared that to 
compression over the metatarsal area, where the larger collecting 
vessels are found. The study demonstrated a fourfold increase in 
fl ow when the forces were applied to the hoof, the area of lymph 
formation, and virtually no change when applied to the metatar-
sal area, where the collecting vessels were found. Although this 
study by itself does not exclude the possibility that external forces 

initial lymphatics, creating oscillatory, dynamic pressure gradients 
between the interstitium and the initial lymphatic.

At the terminal lymphatic, passive motions could play an impor-
tant role in loading the vessel with extracellular fl uids (Witte et al., 
2006). Alternating passive movements could not effectively form 
lymph if bidirectional fl ow across the lymphatic endothelium were 
possible. This is prevented by the overlapping endothelial cells in the 
initial lymphatic. These cells form a valve mechanism that allows 
the movement of fl uid into the initial lymphatic, but prevents move-
ment out (Schmid-Schonbein, 2003). Coupled with the anchor-
ing fi laments, this allows the lymphatic to utilize alternating tissue 
motion to create unidirectional movement of fl uid from the inter-
stitium into the lymph system. Additionally, this feature also allows 
the initial lymphatic to respond to fl uctuations of fl uid in the inter-
stitium. A fl uid pulse creates a pressure wave in the interstitial fl uid. 
As the pulse approaches the lymphatic, a gradient is produced that 
opens the endothelial cells and permits fl uid to enter. After the pulse 
crosses, the cells close preventing backfl ow out of the lymphatic. 
Arteriolar vasomotion appears to create a fl uctuant displacement of 
interstitial fl uid, which may infl uence lymph movement (Intaglietta 
and Gross, 1982). Fluid fl uctuation may account for the movement 
and exchange of fl uid within the interstitium. Capillary hydrostatic 
gradients dissipate quickly and do not account for the movement of 
fl uid within the interstitial spaces (Aukland and Reed, 1993).

After moving into the initial lymphatic, fl uid is propulsed 
through the collecting channels. These channels contain bicuspid 
valves that ensure unidirectional fl ow of lymph (Schmid-Schonbein, 
1990b). An intrinsic myogenic pump has been identifi ed that 
accounts for signifi cant lymph propulsion. This pump consists 
of smooth muscle in the wall of the lymph vessel and the valves. 
Lymphatic smooth muscle exhibits spontaneous contractions that 
are peristaltic, traveling distal to proximal at a rate of 4 to 5 mm/s 
(Ohhashi et al., 1980). Evidence suggests that the contraction wave 
migrates retrogradely along the lymphatic vessels (Macdonald 
et al., 2008). A pacemaker initiates the spontaneous contractions 
(Beckett et al., 2007; Benoit, 1991; McHale and Meharg, 1992; 
Ohhashi et al., 1980; Van Helden, 1993; Van Helden et al., 2006). 
The pacemakers are situated in the wall of the lymphatic vessel 
between the endothelial cell layer and the surrounding smooth mus-
cle; they begin just beyond the fi rst valve (McCloskey et al., 2002; 
Ohhashi et al., 1980). The impulses are then coupled to the smooth 
muscle along the vessel in order to propagate a wave of contraction, 
producing a peristaltic action. Hogan proposed a mechanical cou-
pling, based on the fi nding of stretch receptors in the lymphatic wall 
distal to the valve that initiated a smooth muscle contraction of the 
lymphangion (Hogan and Unthank, 1986). The initial pacemaker, 
located just proximal to the fi rst valve near the initial lymphatic cap-
illary, is also responsive to vessel distention and is stimulated by the 
distension created by lymph formation. The contraction of this dis-
tal segment propulses fl uid beyond the valve where stretch receptors 
continue to stimulate smooth muscle contraction, and the peristaltic 
wave is propagated. In this model then, lymph propulsion is depen-
dent on fi lling of the terminal lymphatic, or lymph formation.

More recent studies have demonstrated electrical coupling of 
smooth muscle cells (Crowe et al., 1997; Zawieja et al., 1993), likely 
mediated by calcium (Cotton et al., 1997). This, combined with a 
spontaneously contracting pacemaker, would allow a completely inde-
pendent, electrically coupled peristaltic wave. Zawieja et al. (1993) 
found both upstream and downstream propagation of the contrac-
tions, supporting the idea of electrical coupling, since a volume-
dependent mechanism should only propagate contraction centrally.

Crowe’s study suggests that both electrical and mechani-
cal coupling contribute to the propagation and coordination of 
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contribute to the propulsion of lymph, it provides compelling 
evidence that external forces are most effective in promoting for-
mation of lymph. A further study demonstrated that the ability of 
external pressure to increase lymph fl ow was both rate and ampli-
tude dependent (McGeown et al., 1988). This carries signifi cant 
clinical implications for osteopathic approaches to lymph drainage, 
and should be considered in the design of Osteopathic treatment 
plans to promote lymph drainage, especially those using “lym-
phatic pump” techniques. Since lymph formation has been shown 
to initiate and/or strongly increase lymph propulsion, treatment to 
enhance lymph formation may increase lymph drainage in a num-
ber of important ways.

Postnodal lymph continues to move centrally, eventually drain-
ing into the right lymphatic duct or left thoracic duct before reen-
tering the venous circulation at the subclavian vein. There have 
been numerous studies of the forces that move lymph through the 
thoracic duct ( Browse et al., 1971; Browse et al., 1974; Dumont, 
1975; Reddy and Staub, 1981; Schad et al., 1978). The smooth 
muscle in the thoracic duct exhibits spontaneous contractions sim-
ilar to other lymphatic smooth muscle (Reddy and Staub, 1981). 
Respiration has been shown to have a consistent effect on the 
fl ow and pressures within the thoracic duct (Browse et al., 1971). 
Although these studies do not exclude the effect of respiration on 
the formation of lymph in the thorax and abdomen, and its contri-
bution to thoracic duct fl ow, pressure changes associated with res-
piration are considered important in central lymph fl ow (Aukland 
and Reed, 1993).

Osteopathic treatment has been directed toward improv-
ing lymph drainage since the time of A.T. Still. Early writing by 
Millard focused on removing obstruction to the fl ow of lymph 
by treating somatic dysfunction along the course of fl uid return 
(Millard, 1922). Although this concept has not been studied exper-
imentally, it stands to reason that tissue strain in the area of lymph 
vessels will increase the resistance to lymph fl ow through those ves-
sels. Earlier descriptions of lymph drainage pathways attempted to 
identify areas where compression might be likely. Experimentally 
increasing resistance to lymph fl ow has reduced lymph fl ow in dis-
tal lymphatics (Aukland and Reed, 1993).

J. Gordon Zinc discussed osteopathic treatment to improve the 
intrathoracic pressure gradients for their effect on central or ter-
minal lymph drainage (Zinc, 1970, 1973). Treatment to improve 
thoracic excursion and increase negative intrathoracic pressure may 
not only increase thoracic duct fl ow, but it will also help stimulate 
lymph formation in the thorax and abdomen.

Lymph pump techniques, directed at actually moving lymph, 
have also been part of the Osteopathic approach to the lymphatics. 
McGeown’s recent studies about the effects of external compression 
(McGeown et al., 1987, 1988), and the discovery of the intrinsic 
peristaltic contractions of lymphatic smooth muscle responsible for 
a considerable proportion of lymph propulsion, suggest that spe-
cifi c treatment to pump lymph should be directed toward lymph 
formation at the site of infl ammation or lymphedema. Stimulation 
of the myogenic pacemaker by increasing lymph formation may 
also increase lymph propulsion.
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Mechanics of Respiration
FRANK H. WILLARD

INTRODUCTION

Defi nition of Respiratory Mechanics

The thorax is a fl exible fi broelastic cylinder that is rhythmically 
distorted by the action of numerous respiratory muscles that 
are located both within the thorax and abdomen and extremities 
(Fig. 13.1). The changing shape of this cylinder creates the alter-
nating inhalation and exhalation events necessary for perfusing the 
lung with air; these movements constitute the mechanics of breath-
ing. Diseases that alter the shape of the thorax or its compliancy 
can have a substantial impact on the mechanics of respiration and, 
consequently, on the health of the individual.

Importance of Respiratory Mechanics in 
Osteopathic Manipulative Medicine

While alternating thoracoabdominal pressures are critical for the 
aeration of the pulmonary alveoli, this movement is also an impor-
tant infl uence on the redistribution of fl uid in the lymphatic system 
as well as the movement of blood in the venous network associated 
with the epidural venous plexus of Batson located in the spinal canal 
(See Chapter 12 on the lymphatic system). These facts empha-
size the importance of striving for smooth continuous respiratory 
movements in the thoracoabdominal wall of the patient regardless 
of the etiology of their particular disease processes. This chapter 
will examine the anatomy and function of the muscles involved in 
respiration and the alteration of these movements in specifi c dis-
eases involving structural changes in the thoracic wall as well as 
considering the infl uence of respiratory activity on the movement 
of fl uids in the low pressure systems of the torso.

MUSCLES OF THE THORACIC CYLINDER

Intercostal, Scalene, and Abdominal Muscles

Anatomy of the Intercostal, Scalene, and 
Abdominal Muscles
The intercostal muscles form a distensible fi broelastic sheet sur-
rounding the rib cage (Fig. 13.1). The sheet is divided into three 

incomplete layers. These layers are arranged in loose helical spirals 
(Fig. 13.2), each layer having a different pitch to the helix. 
Together, these layers act to both protect and alter the structural 
geometry of the thoracic wall and thus the volume of the pleural 
sacs. This fi bromuscular tube is anchored from above by the scalene 
muscles that attach to the fi rst and second ribs and below by the 
abdominal muscles that attach to the subcostal margin (Fig. 13.3).

The scalene muscles. Three scalene muscles—anterior, medius, 
and posterior—extend from the transverse processes of the cervical 
vertebrae (anterior C3-6, medius C1-7, and posterior C4-6) to 
reach the fi rst rib and, to a lesser extent, the second rib (reviewed in 
O’Rahilly, 1986) (Figs. 13.2, 13.3 and 13.4). Occasionally, a scale-
nus minimus is found descending from the 6th and 7th transverse 
process to reach the inside of the 1st rib and the fascia of the api-
cal pleural of the thoracic cavity (Sibson fascia). With the neck 
fi xed in position by tonic contraction of the longus and paraspinal 
muscles, contraction of the scalene muscles elevates the fi rst and 
second ribs, an important fi rst step in inhalation. Activity in the 
scalene muscles is obligatory even in quiet respiratory movements 
(De Troyer and Estenne, 1988).

External intercostal muscle. This thin sheet of muscle arises 
from the costotransverse ligaments posteriorly at the level of the 
tubercle of the rib and tapers to become a membrane anteriorly at 
the level of the costochondrial junction. In the upright position, 
the orientation of the muscle fi bers is close to vertical (Figs. 13.1–
13.3, 13.5, and 13.6). Throughout its course in each interspace, the 
muscle is attached to the lower margin of the rib and costal carti-
lage above and to the upper margin of the rib and costal cartilage 
below (O’Rahilly, 1986). The external intercostal muscle is thickest 
and thinnest best developed in the superior posterior aspect of the 
thorax, thinnest inferior and medially (De Troyer et al., 2005). The 
pitch of its helical spiral is from superioposterior to inferioanterior 
(Fig. 13.2). Based on its geometry, thickness, and data from elec-
tromyography (EMG) studies, the external intercostal is a power-
ful muscle of inhalation in the human with the exception of its 
most anteromedial border, where the muscle is thinnest. This latter 
region, located in the anterior portions of spaces 6 to 8, appears to 
represent a weak muscle of exhalation (De Troyer et al., 2005).

K E Y  C O N C E P T S
■ The thoracoabdominal wall is a fibroelastic cylinder controlled by the respiratory muscles; fixation of the upper 

border of the ribs facilitates inhalation while fixation of the lower border of the ribs enhances exhalation.
■ The thoracoabdominal diaphragm is a dome-shapted muscle, its function is greatly facilitated by its vertical 

component, termed the zone of apposition.
■ The abdominal muscles play a role in fixing the lower border of the ribs as well as compressing the abdominal 

viscera and thereby expanding the zone of apposition to support the actions of the diaphragm.
■ Structural changes in some respiratory muscles are seen at the molecular, cellular and gross structural levels in 

disease states such as COPD, kyphosis, and obesity, these changes decrease motion, ultimately decreasing the 
ability of the respiratory mechanism to supply adequate pumping activity.

■ An emphasis is placed on having sufficient motion in the respiratory musculature to insure adequate ventilation 
of the tissue; an important role of the Osteopathic physician is to improve the range of motion in the respiratory 
mechanism.

13
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membrane in the posterior intercostal spaces (Fig. 13.1). Like the 
external intercostal muscles, the internal is attached to the lower 
margin of the rib and costal cartilage above and to the upper mar-
gin of these structures below. The muscle is thickest in the anterior 

Internal intercostal muscles. The internal intercostal muscles 
are found deep to the external intercostals (Fig. 13.1–13.3, 13.5–
13.7). These thin muscles arise from the lateral border of the 
sternum and wrap around the ribs to eventually become a thin 

Figure 13-1 This fi gure illustrates 
the invasion of muscle fi bers by 
proinfl ammatory cytokines such as 
interleukin-6 and tumor necrosis 
factor-a. Once in the muscle these 
cytokines can act through at least 
two routes to enhance muscle 
wasting. In (A) TNF-a works with 
interferon-g to suppress the ability 
of the nuclear transcription factor 
MyoD to stimulate production of 
myosin. Thus, less myosin heavy 
chain is produced in the myocyte. 
IL-6 is also capable of enhanc-
ing the production of ubiquitin 
and ubiquitin-ligase, two proteins 
used in labeling cellular protein for 
degradation by the proteosome 
as shown in (B). Thus, cachexia and 
muscle atrophy develops due to 
the blockage in myosin production 
and enhancement of its destruc-
tion. (Taken from C. D. Clemente. 
Anatomy: A Regional Atlas of the 
Human Body. Baltimore: Williams & 
Wilkins; 1997.)

Parasternal
muscles

Interosseous
internal intercostal
muscles

External
oblique muscle

Scalene
muscles

External
intercostal

muscles

Figure 13-2 This is a lateral view 
of the thorax demonstrating the 
helical spirals established by the 
external and internal intercostal 
muscles. The arrow that starts on 
the left represents the pitch of the 
spiral of the external intercostal 
muscle while the arrow beginning 
on the right represents the same 
for the internal intercostal muscle. 
(Taken from the Willard/Carreiro 
Collection.)
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exhalation while the parasternal portion represents a signifi cant 
muscle of inhalation (De Troyer et al. 1998, 2005).

Innermost intercostal muscles. The innermost internal 
intercostal muscles are oriented orthogonal to the ribs (Fig. 13.7). 
These muscles are very thin and inconsistent in their presence. 
When present, the internal investing fascia of the innermost internal 
intercostal muscle is intimately adhered to the endothoracic fascia. 
Given this muscle’s close geometric relationship with the rib, con-
traction of the muscle is most likely to assist in moving the ribs 
closer to each other. Functional analysis of the internal intercostal 
muscle by EMG analysis is currently lacking. The muscle is related 
embryologically to the transverses thoracic and transverses abdomi-
nus muscles.

Transversus thoracis. The transverses thoracis muscle, also 
termed sternocostalis or triangularis sternae muscle, arises from 
the inner surface of the lower sternum, xiphoid process, and lower 
costal cartilages (Fig. 13.7). It radiates outward to attach to the 
inner borders of the costal cartilages of ribs 2 through 6 (O’Rahilly, 
1986). Only rarely is the muscle symmetric in disposition; often, 
additional slips of the muscle can be found scattered in the second 
through fourth interspace as seen in the specimen displayed in Fig-
ure 13.7. Developmentally, the muscle appears to be most closely 
related to the innermost internal intercostal group of muscles and 
the transverses abdominus muscle. In Figure 13.7, the transverses 
thoracis muscle is seen blending with the superior border of the 
transverses abdominus muscle; this is most apparent on the left 
side of the specimen. The transverses thoracis muscle is active typi-
cally on forced exhalation. Quiet, restful breathing in humans does 
not appear to use the muscle. However, exhalation below functional 
residual capacity (FRC) such as in speech and forceful exhalation 
such as in coughing, expectoration, and laughing utilize the power 
of this muscle (De Troyer et al. 1987, 2005).

Subcostal muscles. The subcostal muscles are present most 
often in the lower segments of the thorax. These muscles arise 
from the inner aspect of the rib near its angle and descend two to 
three ribs below to fi nd an attachment to the upper margin of a 
rib (O’Rahilly, 1986). The subcostal muscles run in the same plane 
as the innermost intercostals and appear to be an embryological 
derivative of that layer. The subcostal muscles are most prominent 
in the inferior portion of the thorax and with the exception of the 
12th rib and remain lateral to the angle to the rib at all levels. The 
common orientation of these muscles with the internal intercostal 
suggests a possible function in exhalation.

Levatores costarum. The levatores costarum are a group of 
small muscles located deep to the paraspinal muscles and attached 
to the ribs on their posterior aspect. These muscles arise from the 
transverse process at the level of the costotransverse joint and extend 
downward diagonally to attach to the rib or ribs below (Fig. 13.8). 
The short head (brevis) of the muscle attaches one rib below its 
origin while the long head (longus) attaches two ribs below. Given 
the position of these muscles on the rib, it is evident that they con-
tribute to elevating the rib on inhalation (De Troyer et al. 2005) but 
have not received extensive physiological examination to date.

The external oblique muscle. The outermost abdominal mus-
cle arises from the external and lower borders of the lower eight 
ribs. The attachment of this muscle interdigitates with the slips of 
the serratus anterior and latissimus dorsi, both extremity muscles, 
as well as fusing with the external intercostal muscle of the lower 
eight ribs (Fig. 13.9). The muscle fi bers form a broad thin sheet 
passing anterior and inferior, similar to those of the external inter-
costals, to reach their attachment to a medially positioned aponeu-
rosis, which extends from the xiphoid process superiorly to the 
pubic symphysis inferiorly. The inferior border of this aponeurosis 

and superior portions and tapers as it passes posteriorly (O’Rahilly, 
1986). The resulting spiral pitch of its muscle fi bers is oriented 
from superioanterior to inferioposterior. The muscle is divided 
into two functionally distinct components. The parasternal portion 
exists between the costal cartilages, while the interosseous intercos-
tal muscle exists between the bony ribs (De Troyer and Estenne, 
1988). Analysis of geometry, thickness, and EMG data supports 
the contention that the interosseous portion is strictly involved in 

Scalene
muscles

External
intercostal

muscles

Ribs

External
oblique

muscles

Figure 13-3 This is a lateral view of a male thorax and upper abdo-
men. The skin and superfi cial fascia have been removed to reveal 
the external intercostal and external oblique muscles. (Taken from 
the Willard/Carrerio Collection.)

Middle
scalene
muscle

Posterior
scalene
muscle

Anterior
scalene
muscle

First rib

Figure 13-4 This is an oblique view of a male head and neck with 
the skin, superfi cial fascia, and upper extremity removed to display 
the three scalene muscles. A deep dissection was done into the 
temporal region for other purposes. (Taken from the Willard/
Carreiro Collection.)
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spine, the remainder of the sheet being aponeurosis. Contraction of 
the external oblique muscle is capable of distorting the human rib 
cage (Mier et al., 1985). The external oblique is quiet during restful 
breathing but engaged during forceful exhalation (Epstein, 1994).

Internal oblique muscle. The internal oblique muscle has 
a radiate shape (Fig. 13.10), emanating from the region of the 
iliac crest and low back and attaching along a line from the pubic 
symphysis upward along the rectus sheath and posteriorly along 
the subcostal margin to reach the thoracolumbar fascia. Specifi -
cally, the broad sheet of muscle takes its origin from a curved line 
involving the upper portion of the inquinal ligament anteriorly, 
the iliac crest centrally, and the thoracolumbar fascia posteriorly. 
From this line, the fi bers of the muscle radiate inferiorly to reach 
the conjoint tendon and pubic symphysis; in doing so, they help 
form the falx inquinalis under which the spermatic cord or round 
ligament will pass. Superiorly this muscle radiates toward the back 
were fi bers attach to the inferior margin of the subcostal carti-
lage as well as interdigitate with the internal intercostal muscles. 
The middle fi bers of the muscle pass anteriorly around the curve 
of the abdomen to join a medially positioned aponeurosis, which 
eventually splits to house the rectus abdominis muscle (O’Rahilly, 
1986). Quiet respiration does not appear to engage the internal 
oblique muscle; however, it will become active on forced exhalation 
(Epstein, 1994).

Transversus abdominis muscle. Internal to the abdominal 
oblique lies a third muscle with a predominant horizontal fi ber 
orientation (Fig. 13.11). The transverses abdominis arises from 
the lateral portion of the inguinal ligament, the iliac crest, the 
thoracolumbar fascia, and the inferior margin of the lower costal 
cartilages. On the posterior aspect of the anterior abdominal wall, 

participates in the formation of the inguinal ligament and its 
medial border contributes to the rectus sheath (O’Rahilly, 1986). 
The muscle fi bers of the external oblique rarely extend below a 
line drawn between the umbilicus and the anterior superior iliac 

Scalene
muscles

Parasternal
internal intercostal

muscle

Interosseous
internal intercostal

muscle

External intercostal
muscle

External oblique
muslce

Figure 13-5 These are lateral views of the thorax to illustrate the distribution of the intercostal muscles. In the dis-
section on the left the external intercostal muscle id exposed. In the dissection of the right, the external intercostal 
muscle in the fi rst 3 interspaces has been removed to expose the internal intercostal muscle. (Taken from the Willard/
Carreiro Collection.)

External
intercostal muscles

Internal
intercostal muscles

External
intercostal muscles

Figure 13-6 A lateral view of the thorax. IN this dissection, the skin, 
superfi cial fascia and upper extremity were removed. The external 
intercostal muscle is seen in the fi rst two interspaces, This muscle 
was removed in the next three interspaces to reveal the internal 
intercostal muscles. The external intercostal is seen in the remaining 
interspaces. (Taken from the Willard/Carreiro Collection.)
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thoracoabdominal diaphragm is draped (De Troyer and Estenne, 
1988).

Combined Function of the Intercostal, Scalene, and 
Abdominal Muscles
The various intercostal muscles have differing functions in respi-
ratory movements. The external intercostal muscle and the 
parasternal muscle are key players in inhalation, while the inter-
osseous portion of the internal intercostal muscle is involved in 
exhalation.

However, electrical stimulation of any isolated intercostal mus-
cle will close the ribs regardless of its location, thus the factors 
differentiating the action of the external intercostal and parasternal 
muscle from the remainder of the internal intercostal muscle must 
reside outside the geometry of these muscles alone. The actions of 
the intercostal muscles are dependent on the resistance to motion 
at either end of the thoracic cylinder. This resistance is dependent 
on the state of contraction of the muscles attached to the cylinder 
ends. Fixation of the fi rst rib supports inhalation and fi xation of the 
subcostal margin facilitates exhalation. The function of the scalene 
muscles is to fi x the position of the fi rst rib and thus initiate inhala-
tion. A function of the abdominal muscles is to fi x the position of 
the lower ribs thereby initiating exhalation. The contraction of the 
intercostal muscles is coordinated with the activity of the scalene 
and abdominal muscles. As the scalene muscles contract, a wave 
of activity begins in the superior external intercostal and paraster-
nal muscles sweeping sequentially down the thoracic wall from 
the fi rst interspace. A reverse or ascending wave is seen following 
contraction of the abdominal muscles and leads to lowering of 
the ribs and exhalation (De Troyer and Estenne, 1988; De Troyer 
et al., 2005).

Control over the sequential contraction of the intercostal 
muscles has been shown to reside in the pattern of connectivity 
regulating ventral horn interneuron activity. These cells regulate 
the discharges of the ventral horn motor neurons, which in turn 

the transverses abdominis dovetails with slips of the diaphragm 
along the subcostal margin. Medially, the fi bers of this broad, fl at 
muscle attach to an aponeurosis that extends from the xiphoid 
process superiorly to the conjoint tendon inferiorly (O’Rahilly, 
1986). All muscle fi bers are horizontally oriented except for the 
most inferior border where the muscle bands turn downward dra-
matically to joint those of the internal oblique and form the con-
joint tendon. The horizontal orientation of the muscle fi bers allows 
this muscle to act as a retinaculum, pulling the rectus sheath toward 
the posterior body and increasing the intra-abdominal pressure. 
This mechanical action has the effect of raising the diaphragm in 
the thoracic cavity (De Troyer and Estenne, 1988). EMG studies 
have demonstrated that the transverses thoracis is an obligatory 
muscle of respiration and is active in both exhalation and inhala-
tion, ceasing its activity only as it approaches the portion of maxi-
mum inhalation (De Troyer et al., 2005).

Rectus abdominis muscle. The rectus abdominis muscle 
forms a vertically oriented band of muscles extending from the 
pubic crest and symphysis to the xiphoid process and medial sub-
costal margin (Fig. 13.12). The muscle is typically divided into four 
plates by three tendinous horizontal bands. The rectus abdominis 
is housed in a dense fi brous connective tissue wrapping termed the 
rectus sheath. Essentially the sheath is composed of anterior and 
posterior plates derived from the splitting of the aponeurosis of the 
internal oblique. This sheath completely surrounds the muscle with 
the exception of the posterior wall inferior to the umbilicus; here, a 
defect in the posterior wall of the fi brous sheath transmits the rec-
tus abdominis muscle. Inferior to this line, termed the arcuate line, 
the posterior wall is composed primarily of the transversalis fascia. 
Although a major function of the rectus abdominis is fl exion of 
the torso and counter balancing the paraspinal muscle of the back, 
the rectus, when used in combination with the other abdominal 
muscle particularly the transverses abdominis, functions as a corset 
trussing the abdominal organs in place and pushing them upward 
to make a fulcrum (see section on the diaphragm) over which the 
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nerve
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rectus sheath
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Transversus
abdominus

muscle

Sternum

Figure 13-7 This is a posterior 
view of the anterior thoracic wall. 
The anterior wall was removed by 
sectioning the ribs laterally. The 
parietal pleural was removed from 
the right side of the wall but has 
been retained on the left side. 
The transversus thoracis muscle 
is seen radiating away from the 
inferior portion of the sternum. 
Note the asymmetry of this mus-
cle. Slips of the innermost inter-
costal muscle can be seen in the 
upper interspaces. (Taken from the 
Willard/Carreiro Collection.)
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partially close the passage from thorax to abdomen (Fig. 13.13). 
However, if the diaphragm is removed from the body and spread 
on the fl at surface, it takes on the shape resembling that of a large 
butterfl y with the central tendon as the body and the leafl ets 
resembling head, wings, and tail. Each of the diaphragm’s leaf-
lets is named by its attachments. The sternal leafl ets (head of the 
butterfl y) are small and attach to the posterior aspect of the xiphoid 
process; occasionally they are missing. The costal leafl ets (wings of 
the butterfl y) are the largest and attach to the lower six ribs where 
their muscle fi bers interdigitate with muscular slips from the trans-
verses abdominis. These two leafl ets form the broad sheet of dia-
phragmatic muscle that courses vertically along the internal margin 
of the ribs. Finally, the lumbar leafl ets (tail of the butterfl y) extend 
from the medial borders of the central tendon inferiorly to form 
two aponeurotic arches, as well as the cura of the diaphragm.

The medial arcuate ligament of the diaphragm attaches to the 
body of L1 medially arches over the psoas muscle and the tip of the 
anterior surface of the L1 transverse process laterally. The lateral 
arcuate ligament attaches to the anterior aspect of the L1 transverse 
process medially and reaches over the quadratus lumborum muscle 
to anchor laterally to the tip of the 12th rib near its midpoint. The 

innervate the intercostal muscles. The spinal cord interneurons are 
modulated by input coming from both the medullary portion of 
the brainstem and peripheral input from muscle spindles. How-
ever, this combined input is relatively weak compared to that of 
the central respiratory drive potential present in the ventral horn, 
thus suggesting that the spinal interneurons of the ventral horn are 
the dominant force (De Troyer et al., 2005). Therefore, as with the 
control of individual muscle contractions in such repetitive actions 
as locomotion, there is a central pattern generator formed by the 
interneuronal pool in the ventral horn. This group of cells generates 
repetitive patterns of activity for the motor neurons to deliver to the 
appropriate skeletal muscles. These patterns can be infl uenced by 
both the descending activity from the medullary brainstem and the 
peripheral activity from the muscle afferent fi bers; ultimate control 
however appears to reside in the spinal cord.

The Pumphead in the Thoracic Cylinder

The Thoracoabdominal Diaphragm
The diaphragm is often described as a dome-shaped structure 
composed of skeletal muscle and tendinous attachments that 
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Figure 13-8 Posterior view of the back with the paraspinal muscles on the left side removed to display the leva-
tores costarum muscles. Levatores costarum longus spans two segments while brevis spans one segment. (Taken 
from the Willard/Carreiro Collection.)
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Function of the Diaphragm
The dome shape of the diaphragm is created by a piston of viscera 
including the liver, stomach, and spleen, which is forced upward 
into the central tendon by the abdominal musculature (Fig. 13.14), 
particularly the transverses abdominis. Much of the costal leafl et 
passes vertically along the wall of the rib cage to reach the subcos-
tal margin and their attachment. This dome-shaped arrangement 

midline portion of the lumbar leafl ets forms the cura of the 
diaphragm. Both cura arise from the medial most portion of the 
central tendon and sweep downward, attaching to the anterior lon-
gitudinal ligament on the bodies of the upper three lumbar verte-
brae. The right crus is larger than the left. The medialmost fi bers 
of each crus unite on the midline to form the median arcuate liga-
ment that surrounds aorta as it passes from thorax to abdomen.

Pectoralis
major muscle

Serratus
anterior muscle

External
oblique muscle

Rectus sheath

Inguinal ligament

Figure 13-9 Lateral view of 
the torso illustrating the external 
oblique muscle and its attach-
ment to the rectus sheath and 
the inguinal ligament. Note the 
interdigitation of the external 
intercostal muscle with the fi nger-
like attachments of the serratus 
anterior. In addition, the most 
inferior fi bers of the pectoralis 
major also blend into the superior 
medial attachment of the external 
oblique. (Taken from the Willard/
Carreiro Collection.)
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ACCESSORY MUSCLES OF RESPIRATION

Abdominal Muscles

External and Internal Oblique Muscles
Neither the external nor the internal oblique is active on quiet respira-
tion. However, both muscles will become involved in respiratory move-
ments during forced exhalation (reviewed in Epstein, 1994). These 
muscles exert a downward pull on the subcostal margin thus sliding 
the thoracic walls over the diaphragm and visceral organs, in essence 
seating the piston high in the cylinder. This gloving motion helps to 
decrease the volume of the pleural cavities in the thorax and thus facili-
tates exhalation. The gloving motion is also important in re-creating 
the large zone of apposition preceding the next respiratory cycle.

Limb Girdle Muscles

Seratus Anterior Muscle
The most powerful of the limb muscles capable of infl uencing the 
ribs is the seratus anterior. This thin, sheet-like muscle arises from 
the fl eshy attachments to the anterior surface of the fi rst eight or nine 
ribs (Fig. 13.15). Each band of the muscle wraps around the thorax 

creates what is termed the “zone of apposition” between the 
diaphragmatic muscle and the thoracic wall (De Troyer and 
Estenne, 1988). The length of this zone proves crucial to the func-
tion of the diaphragm. With the visceral piston placed in the full 
upright position, contraction of the costal leafl ets will pull the sub-
costal margin upward while attempting to force the visceral piston 
downward. If the visceral piston is adequately buttressed by the 
abdominal musculature, the central tendon only descends a short 
distance, less than two segmental interspaces, and the subcostal 
margin of the ribs is elevated. Since the lower ribs are attached by 
movable joints anteriorly and posteriorly, the body of the rib rotates 
outward and upward (referred to as “bucket-handle” motion). 
Thus, the abdominal viscera can be considered to function to form 
a fulcrum over which the diaphragm is bent. The motion occur-
ring across this visceral fulcrum greatly increases the volume of the 
thorax while minimizing the amount of descent required by the 
central tendon. It is important to realize that for the diaphragm 
to maximally lift the ribs during respiration it has to maintain its 
vertical zone of apposition along the costal wall. Structural changes 
that alter this arrangement can signifi cantly impair the ventilatory 
mechanics of the diaphragm.

External oblique
muscle

Superior epigastric
muscle

Posterior wall of
rectus sheath

Internal oblique
muscle

Inferior epigastric
artery

Transversalis
fascia

Rectus abdonimis
muscle (cut)

Figure 13-10 The internal oblique 
muscle. This is an anterior view 
of the abdominal wall. The skin 
and superfi cial fascia have been 
removed. The external oblique 
muscle was cleaned and a window 
cut into the muscle to expose the 
internal oblique. This photograph 
demonstrates the middle fi bers of 
the internal oblique as they arise 
from the iliac crest and attach to 
the rectus sheath. (Taken from the 
Willard/Carreiro Collection.)
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muscles act in concert to protect the patency of the air; these are 
the muscles of the tongue such as the genioglossus and those of 
the hyoid such as the geniohyoid, sternohyoid, stenothyroid, and 
thyrohyoid (Thach, 1992; reviewed in Lee et al., 2007). Bursts of 
activity in phase with inspiration have been recorded from these 
muscles (reviewed in Thach, 1992). In addition, an especially 
important muscle for opening the airway is the posterior cri-
coarytenoid muscle since it is the only abductor of the vocal folds. 
Although little is known concerning the respiratory-related activity 
of this muscle in humans, work in other species has confi rmed an 
inspiratory rhythm in the muscle. Contraction of all of these upper 
airway muscles functions to increase airway rigidity and protect the 
patency of the lumen (Fig. 13.16). The neural pathways underlying 
the presence of a respiratory rhythm in the upper airway muscles 
have not been fully worked out. However, this activity may be in 
part due to pressure changes in the lumen of the airway detected 
by trigeminal afferent fi bers and relayed to the hypoglossal nucleus 
through the trigeminal complex (Hwang et al., 1984).

passing between the posterolateral thoracic wall and the scapula to 
reach the medial border of this bone. The involvement of the seratus 
anterior with movement of the scapula is well detailed in numerous 
anatomy books and will not be covered here. If the upper extremity 
is fi xed by grasping an external object, the seratus can assist in raising 
the ribs. Thus, the seratus anterior can become an accessory muscle 
of respiration in stressful situations. Use of this muscle to assist in 
respiration can be observed in cases involving hyperinfl ation of the 
chest such as chronic obstructive pulmonary disease (COPD). Here, 
the patient may grasp the bed rails, fi xing the scapula, in an effort to 
recruit the seratus and assist in respiratory movements.

Oropharyngeal Muscles and Respiratory Movements

Protecting Airway Patency
The upper airway (the larynx and above) is a collapsible tubular 
structure. Compromise of the airway lumen can occur during inspi-
ration and neonates are especially vulnerable to this event. Several 
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Transverse
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Conjoint tendon
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Figure 13-11 This is a lateral 
view of a male abdomen. The skin, 
superfi cial fascia and the external 
and internal oblique muscles have 
been removed to reveal the trans-
versus abdominis muscle. The rec-
tus sheath has also been removed. 
The whitish material is the trans-
versalis fascia. Cotton has been 
placed in the abdominal cavity to 
expand the transversus abdominis 
muscle to is full extent. (Taken from 
the Willard/Carreiro Collection.)
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typically seen on clinical and radiographic examination of the patient 
with COPD (Celli, 1995). The hyperinfl ation is due to either loss 
of static recoil in the parenchymal tissue or to dynamic hyperinfl a-
tion, for example, the presence of residual air in the lung at the end 
point of exhalation (reviewed in Fitting, 2001). In essence, the nar-
rowing of the distal end of airway allows air to be drawn into the 
alveoli but impedes movement of the air out of the lung. In hyper-
infl ation, the diaphragm is typically lower in the thoracic cavity 
and shorter in length with a slightly increased radius of curvature.

Structurally the diaphragm in the COPD patient creates a 
straighter line between the subcostal margins at a lower level in 
the thorax, thereby signifi cantly reducing the zone of apposi-
tion (Cassart et al., 1997) as well as the overall surface area of the 
muscle (Fig. 13.17). Normally the zone of apposition represents 
60% of the muscle’s length, but that can be reduced to 40% in 
COPD. This structural change signifi cantly decreases the effi ciency 
of the diaphragm as a muscle of inhalation (Cassart et al., 1997). 

RESPIRATORY MUSCLE PATHOLOGY

Airway Diseases

Structural Changes in COPD
COPD currently is the fourth most common cause of death 
worldwide and has been estimated to rise to the third most com-
mon cause by 2020 (Barnes, 2004). It is most often related to 
smoking although it can be caused by exposure to any noxious gas 
including poorly ventilated cooking fumes.

Functionally COPD involves the increased resistance to air-
fl ow, typically expressed as a reduction in forced ventilation rate 
with air trapping in the lungs at end-stage exhalation. At a tissue 
level, COPD involves loss of alveolar architecture and narrowing 
of the small airways either through thickening of the wall from 
chronic infl ammation or plugging with mucous secretions. Struc-
turally, air trapping in the lungs at full exhalation results in hyper-
infl ation with enlargement of the A-P dimension of the chest as is 

Pectoralis major
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Rectus abdominis
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Figure 13-12 This is an anterior 
view of the anterior abdominal 
wall. The skin and superfi cial fas-
cia have been removed to reveal 
the rectus sheath. The sheath has 
been removed on the right side of 
the individual to reveal the rectus 
abdominis muscle. (Taken from the 
Willard/Carreiro Collection.)
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marked reduction in the zone of apposition. The subcostal margin 
is drawn inward at the end stage as the fl attened diaphragm pulls 
the ribs inward; this is a paradoxical motion termed Hoover sign 
(reviewed in De Troyer and Estenne, 1988). However, it appears 
that not all of the inward motion of the subcostal margin during 
attempted inhalation can be blamed on the loss of the zone of 
apposition. Additional inward force is most likely derived from the 

In addition, the reduced length of the muscle alters the 
length–tension relationship for the muscle fi bers; this reduction in 
length–tension relationship further compromises the diaphragm’s 
effi ciency. In the physically lowered state, contraction of the 
diaphragm can, in fact, become an expiratory action in nature.

An example of this expiratory conversion of the diaphragm is 
seen when attempting deep inhalations from the fl atten state with a 
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Figure 13-13 The inferior surface of the thoracoabdominal diaphragm. In A. the abdomen has been opened to 
reveal the inferior surface of the diaphragm. In B. a similar approach has been taken with a human dissection. Abbre-
viations are as follows: Aor, hiatus for the aorta; Eso, hiatus for the esophagus; IVC, hiatus for the inferior vena cava. 
( (A) is taken from Clemente CD. Anatomy: A Regional Atlas of the Human Body. Baltimore: Williams & Wilkins; 1997; 
(B) is taken from the Willard/Carreiro Collection.)
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A signifi cant change involves the fi ber types present in the muscle 
of the diaphragm. Current estimates of respiratory muscle histo-
logical composition in the normal adult human diaphragm indicate 
that 55% of the fi bers are of the slow type (type I fi bers), 21% fast 
oxidative (type IIA fi bers), and 24% fast glycolytic (type IIB and 
2X fi bers). Intercostal muscle histology fi nds greater than 60% are 
slow fi bers (reviewed in Polla et al., 2004). This relatively high per-
centage of type I (slow twitch) fi bers present normally is thought 
to represent an adaptation imparting the respiratory muscles a 
fatigue-resistant quality (Ottenheijm et al., 2008).

Interestingly, the diaphragm muscle of COPD patients dem-
onstrated a further increase in the slow-twitch fi bers with a shift to 
the slow isoforms of the myofi brillar proteins (Levine et al., 1997; 
reviewed in Polla et al., 2004). Stubbings et al. (2008) have shown 
a strong negative correlation between the forced expiratory volume 
in 1 second (FEV1) and the percentage of type I fi bers contained in 
the diaphragm. Thus, all COPD patients in their study had a higher 
percentage of type I fi bers in the diaphragm and a lower FEV1. In 
addition, there was a positive correlation between the FRC and 
the percentage of type I fi bers in the diaphragm. Thus COPD 
individuals had a greater percentage of type I fi bers and a greater 
residual of trapped air in the lung than the non-COPD controls.

The shift toward increasing type I fi bers in the diaphragm mus-
cle of COPD patients is suggestive of a further adaptive process to 
help minimize diaphragm muscle fatigue in these patients (Otten-
heijm et al., 2008). It was also demonstrated that the amount of 
ATP consumption was proportional to the rate of the contraction. 
Since type IIA fi bers contract faster than type I, then for a given 
contraction of equal length, type I fi bers consume signifi cantly less 
ATP than type IIA fi bers. From this, it is clear that the shift to type 
I fi bers with reduced consumption of ATP in the COPD patient 
helps to conserve energy.

The benefi ts of an increased percentage of type I fi bers in the 
diaphragm may be partially offset by a decreased amount of myosin 
in each sarcomere. Since the contractile force of a muscle is related to 
the density of myosin per sarcomere, the muscle fi bers of the COPD 
patient are weaker in nature (Balasubramanian and Varkey, 2006).

These structural changes in fi ber type found in the diaphragm 
were not detectable in other respiratory muscles such as the inter-
costal muscles, nor have they been documented in other muscles 
of the body. In fact, evidence suggests that the extremity muscles 
suffer a reverse effect. Histological observation has demonstrated 
a shift from type I to type II fi bers with a concordant reduction 
in the diameter of both type I and II fi bers that is proportional 
to the severity of the of the COPD as measured by a reduction 
in FEV1 (Gosker et al., 2003). Atrophy, fatty replacement, and 
fi brosis were enhanced in the extremity muscles of the COPD 
patients when compared to control subjects. Other metabolic and 
microstructural changes in extremity muscles of COPD patients 
have been reviewed recently (Balasubramanian and Varkey, 2006). 
All of these alterations in muscle anatomy and chemistry contribute 
to signifi cantly increased weakness in COPD patients, a weakness 
and muscle mass loss that can be exacerbated by glucocorticoid 
therapy and reduced motion seen in a sedentary existence.

System Infl uences
COPD however is much more than a pulmonary system disorder; 
widespread systemic effects of the disease have been documented 
in patients with this disease. Systemic proinfl ammatory cytokines 
result in cardiovascular effects and generalized muscle wasting 
secondary to muscle and bone loss (reviewed in Balasubramanian 
and Varkey, 2006). The weight loss seen in COPD most likely is 
associated with cachexia secondary to elevated proinfl ammatory 

large negative intrathoracic pressure against which the diaphragm 
is pulling in the COPD patient (Laghi and Tobin, 2003).

Biochemical Changes in Respiratory Muscles in COPD

Along with the structural changes seen in the diaphragm of patients 
with COPD, signifi cant histological and biochemical changes result 
in adaptations aimed at increasing the effi ciency of the muscle. 

Central
tendonCostal

muscle
fibers

Figure 13-14 The abdominal viscera (arrow) act as the fulcrum 
of the diaphragm allowing it to elevate the ribes. (Taken from De 
Troyer A and Estenne M. Functional anatomy of the respiratory mus-
cles. Clin Chest Med N Am 1988;9:175–193.) 

Figure 13-13 (continued )
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cytokines such as TNF-a in circulation. The weight loss problem 
is best termed cachexia—selective muscle loss and protein degra-
dation—not malnutrition, which is more generalized (Debigare 
et al., 2001). In essence, in COPD, the body has entered a negative 
energy balance state. In addition to the musculoskeletal system, 
cardiovascular, renal, and nervous system dysfunctions have been 
documented in COPD (Agusti et al., 2003).

Downward Cascade Associated with COPD
The structural alterations in the diaphragm muscle geometry and 
fi ber type make rapid breathing movements more diffi cult; thus, 
a sedentary lifestyle is common with COPD. It is well demon-
strated that extremity muscle wasting is also a common feature of 
COPD associated with both a sedentary lifestyle and the systemic 
release of rhabdomyolytic proinfl ammatory cytokines (Gosker 

Figure 13-15 The upper illus-
tration is a lateral view of the 
serratus anterior in a specimen 
where the scapula has been freed 
from the body wall but sectioning 
the latissimus dorsi, trapezius and 
rhomboid muscles and cutting 
the clavicle. The scapula was then 
abducted as far laterally as pos-
sible to stretch the serratus to its 
full length. The lower illustration 
is an anterior view of a specimen 
prepared in a similar manner. The 
scapula has been fully abducted 
to expose the serratus anterior 
muscle. (Taken from the Willard/
Carreiro Collection.)
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Figure 13-16 This is a schematic view of the muscles supporting 
the hyoid bone. Simultaneous contraction of these muscle pulls the 
hyoid anteriorly opening the airway. (Taken from van de Graaff WB, 
Gottfried SB, Mitra J et al. Respiratory function of hyoid muscles 
and hyoid arch. J Appl Physiol 1984;57(1):197–204.)

Balasubramanian and Varkey, 2006). These changes increase the 
patient’s susceptibility to femoral neck fractures and vertebral body 
collapse. Chronic hypoxemia, a condition that is ubiquitous in the 
later stages of COPD, will exacerbate many of the previously noted 
changes in musculoskeletal system. Diminished protein synthesis 
secondary to hypoxemia leads to diminished production of myosin 
in muscle sarcomeres and lower production of oxidative enzymes in 
mitochondria (reviewed in Balasubramanian and Varkey, 2006).

Thus in COPD, a downward spiral is established; compromised 
respiratory muscle function leads to reduced motion as well as 
hypoxia and infl ammatory reactions. All of these results culmi-
nate in loss of muscle and bone mass with further reduction of 
motion in the patient. Lack of activity favors the stagnation of 
proinfl ammatory substances in the tissue further exacerbating the 
process. Although movement and exercise cannot restore the dam-
age that has occurred in the lung, it can help arrest the downward 
spiral and improve the quality of life for the patient. The osteo-
pathic approach to COPD should include consideration of the 
overall body structure and function in an effort to enhance the 
patient’s ability to increase motion.

Obesity

Structural Changes
Abdominal obesity expands the subcostal margins of the rib 
cage without necessarily altering the superior margin. With 

Figure 13-17 This fi gure illustrates a comparison of the shape of 
the diaphragm in a normal individual (A) and a patient with COPD 
(B). Tracings represent three-dimensional reconstructions derived from 
a spiral CT imaging study. (Illustration taken from Cassart M, Pettiaux N, 
Gevenois PA, et al. Effect of chronic hyperinfl ation on diaphragm length 
and surface area. Am J Respir Crit Care Med 1997;156(2 pt 1):504–508.)

Figure 13-18 The torso of an obese female illustrating the fl ared, 
bell-shaped subcostal border. (Taken from the Willard/Carreiro 
Collection.)

et al., 2003). Proinfl ammatory cytokines also have a stimulatory 
effect on the activity of osteoclasts, thereby enhancing the loss 
of bone. Principal areas of bony regression involve the proximal 
femur and the endplates of the vertebral bodies (reviewed in 
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the expanding subcostal margin, the rib cage takes on a more 
bell-shaped appearance (Fig. 13.18). When this occurs without 
raising the apex of the diaphragm, the entire muscle becomes more 
fl attened in shape. In essence, the lateral margins are moving out-
ward and upward getting closer to the level of the apex of the dia-
phragm and thereby reducing the zone of apposition. Attempted 
deep excursions of the diaphragm result in lower the apex closer to 
the level of the subcostal margin and can convert the diaphragm 
into a muscle of exhalation.

Infl uence on Systemic Disease
In an effort to maintain consistent minute volume of oxygen to the 
lung in the face of reduce amplitude of rib motion, the frequency 
has to rise; thus, a high-frequency, low-amplitude panting results. 
The hypoxia that associates with reduced respiratory muscle capac-
ity, in a manner similar to that described for COPD, may be a par-
tial cause of the systemic infl ammatory response seen in morbidly 
obese patients.

Kyphosis

Structural Changes
Individuals with decreased bone density can suffer either acute or 
progressive loss of height in the anterior aspect of the vertebral bod-
ies. In such cases, the vertebral column slumps anteriorly creating a 
kyphotic posture in the thorax with enhanced lordotic curvature of 
the cervical spine as compensation. The kyphotic curvature allows 
the ribs to move downward effectively diminishing, and in many 
cases completely eliminating, the intercostal spaces. Loss of the 
intercostal muscles prevents the upward and outward movement of 
the ribs on inhalation, thereby compromising the depth of the respi-
ratory excursion and the effi cacy of respiratory movements. Again 
a downward spiral of health ensues; compromised respiration yields 
hypoxia and reduced motion. Restricted movements lead to increased 
bone loss, furthering kyphosis and loss of thoracic motion.

SUMMARY

The anatomy of mandatory and selected accessory muscles of res-
piration has been reviewed. The structure of these muscles has been 
related to their specifi c functions in the respiratory movements. 
Dysfunction of these muscles occurs in a number of disorders such 
as COPD, obesity, and kyphosis. The implications of these struc-
tural changes on the respiratory movements have been examined 
and their resulting systemic effect considered. Each disorder leads 
to a vicious downward spiral involving motion restriction, hypoxia, 
infl ammation, and further motion restriction. The role of the 
Osteopathic Physician is to help the patient restore homeostasis 
by facilitation motion in both the thorax and the extremities in an 
effort to arrest the vicious cycle.
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Touch
FRANK H. WILLARD, JOHN A. JEROME, AND MITCHELL L. ELKISS

INTRODUCTION

Touch as a Primary Sensation

The sense of touch plays an important role in our awareness of the 
world around us. From the moment we awake in the morning, our 
hands contact the surrounding objects and communicate to us where 
we are and what we are doing. Throughout the day, touch provides a 
focal point for orientation and communication between us and the 
environment as well as between us and others in our lives. Our brain 
derives much of its perception of the world around us through the 
activity of our receptors in the skin and particularly from the skin 
over our hands. We make contact and explore surrounding objects 
and individuals using the somesthetic sense generated by touch 
with our hands. Texture, shape, weight, and size as well as friend, 
foe, harmless, or dangerous can all be determined, in part, through 
palpation. Our response to touch is fi ltered by the highly individu-
alistic and personal emotional axes of our brain. Thus, whether the 
touch evokes kindness and trust or hatred and anger all depends on 
the context of the environment in which the touch occurs and the 
background of our daily lives. Finally, touch is a dynamic process, 
adapting to use or disuse, differing between sexes, changing with 
age and varying with culture.

Touch as a Primary Mechanism for 
Communicating with Patients

Touch can be a primary diagnostic tool. The physician touches 
the patient; the patient, in many ways, touches the physician. The 
dynamics of this contact between individuals are essential to the 
establishment of a trusting, respectful relationship (Fig. 14.1). 
The communication developed through the touch of the physician 
in the physical and structural exam is the fi rst step in helping the 
patient retrace his or her steps back to a healthy state of body and 
mind. What begins as a palpatory examination quickly becomes 
a tactile conversation. The physician gains greater proprioceptive 
awareness of the structural impediments underlying physical as 
well as emotional and behavioral dysfunctions.

Signifi cance of Touch to an Osteopathic Physician

Students begin to develop discriminative palpatory skills by 
touching other students, gradually transferring these abilities to 
the examination of patients. Through repeated practice, palpation 
progresses into deeper layers of the body—skin, fascia, muscle, 

bone, joint, and fi nally viscera—slowly unmasking the health of 
the tissue to the examiner. Palpation of tissue may tell the skilled 
physician much more about the state of the patient’s health than 
the patient can put into words. Putting the patient at ease while 
the physician is diagnostically touching him or her includes an 
explanation of intention and nature of the touching, its pur-
pose, and what the patient is likely to experience. This dialogue 
enhances confi dence and trust. Skillful touching and communi-
cation forges a deep verbal and tactile relationship between the 
physician and the patient. Gradually, the skilled osteopathic physi-
cian develops tactile memories of tissue dysfunctions both within 
a patient and across multiple patients. With time, palpatory skills 
may be used to monitor the patient’s progress in his or her return 
to a healthy state. Even with chronic illness where healing and 
cure are unlikely, there is a reestablished human connection based 
upon compassionate touch and careful attention to the dialogue. 
This is the osteopathic path to restored function and self-healing. 
This chapter explores the biophysical mechanisms involved when 
the contact between the skin of the examining physician and the 
skin of the patient is converted into touch in the minds of both 
individuals.

TOUCH: ANATOMY AND PHYSIOLOGY

Overview

We do not see with our eyes alone, we do not hear with our ears 
alone, nor do we touch with our hands alone; instead seeing, hear-
ing, and touch are accomplished when our brain interacts with the 
information provided by receptor epithelia located in our eyes, ears, 
and hands. Thus, it is to this neural-based process that we must 
turn to understand our perception of touch. Touch is a perception 
that is emergent from neural activity in a complex network that 
includes the somatic sensory system as well as portions of many 
cortical regions in the cerebrum. This activity begins with the 
formation of a stimulus code in the peripheral process of primary 
afferent neurons distributed in the dermis and epidermis through-
out the extremities, body, and head. The characteristic features 
encoded by these sensory neurons are stimulus quality, intensity, 
duration, and location on the surface of the body. The primary neu-
rons bring this stimulus code to the dorsal aspect of the spinal cord. 
While some of this information is delivered to the dorsal horn of 
the spinal cord, a signifi cant amount ascends the cord to reach the 
dorsal column nuclei in the caudal medulla. From these nuclei, 

K E Y  C O N C E P T S
■ Our brain derives much of its perception of the world around us through the activity of our receptors in the skin 

and particularly from the skin over our hands.
■ The communication developed through the touch of the physician in the physical and structural exam is the first 

step in helping the patient retrace his or her steps back to a healthy state of body and mind.
■ Touch is a perception that is emergent from neural activity in a complex network that includes the somatic sensory 

cortex as well as numerous other regions of the cerebrum.
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purvey discriminative and localizable touch (Fig. 14.2). Free 
nerve endings are typically associated with unmyelinated or 
lightly myelinated axons and are discussed in Chapter 15. The 
peripheral processes of the encapsulated endings are illustrated in 
Figure 14.2; they include Merkel discs, Meissner corpuscles, pacin-
ian corpuscles, and Ruffi ni endings typically found in glabrous skin. 
However, additional specialized receptors are found innervating 
the bases of follicles in hairy skin. Typically, the encapsulated end-
ings are associated with well-myelinated (Group II) axons. The cell 
bodies for these fi bers are invariably found in the dorsal root gan-
glia or the trigeminal ganglion. Central processes of these neurons 
course through the dorsal root to enter the spinal cord through the 
dorsal root entry zone (Fig. 14.3).

projections ascend through the brainstem to the posterior and 
ventral thalamus and are relayed on to the postcentral gyrus of the 
parietal cortex.

The entrance of primary axons into the spinal cord is done in 
an orderly fashion; thus, their addition to the spinal tracts creates 
a topographic map of the body—termed a somatotopic map. In 
essence, these maps, composed of nuclei and fi ber tracts, contain 
information based on the segmentation pattern of the body. This 
orderly arrangement is preserved in the medulla, thalamus, and 
postcentral gyrus of the cerebrum. From the postcentral gyrus, the 
sensorineural code is mapped to several somatic sensory regions 
in the parietal cortex; these codes are modifi ed and distributed 
across a large network of neural connection involving parietal, 
insular, occipital, temporal, and frontal lobes of the cerebral cortex. 
It is in this cortical network that the somesthetic input becomes 
integrated with that from our other senses, such as eyes and ears. 
Our perceptions of touch represent abstractions derived through 
extraction from the activity of these complex neural networks on 
the surface of our cerebrum. These perceptions are also colored by 
interaction with the pervasive emotional systems also present in 
the human forebrain.

CENTRAL PROCESSING: FROM PHYSICAL 
STIMULUS TO NEURAL CODE

The Primary Afferent Neurons Have Peripheral 
Processes in the Skin Deep Tissue and Central 
Processes in the Spinal Cord

Most of our sensation of touch arises from mechanical energy gener-
ated as an object makes contact with our skin. In the dermis under-
lying the epidermis, there are at least two major groups of primary 
afferent nerve endings: free endings that can give us a sensation 
of general contact with an object and encapsulated endings that 

Figure 14-1 Touch in osteopathic medicine.

Figure 14-3 The dorsal root entry zone. The fi bers of the dorsal 
root segregate prior to entering the dorsal horn of the spinal cord.

Figure 14-2 The sensory endings typically involved in tactile sen-
sation. (Taken from Bear M, Connors BW, Paradiso MA. Neurosci-
ence: Exploring the Brain. Philadelphia, PA: Lippincott, Williams & 
Wilkins, 2001, Figure 12-1.)
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of the brainstem (Fig. 14.3). The chief sensory nucleus is similar in 
function to the dorsal column nuclei; thus, the chief nucleus rep-
resents the fi rst relay for discriminative information from the face. 
Projections from the chief sensory nucleus cross the midline and 
ascend to the contralateral thalamus.

The Posterior Thalamus Receives the Ascending 
Sensory Tracts from the Dorsal Column Nuclei 
and Trigeminal System

Axons from the dorsal column nuclei cross the midline and ascend 
to the posterior thalamus in a large, well-organized fi ber tract 
termed the medial lemniscus. Above the pons, the medial lemnis-
cus is joined in its course by the ascending trigeminal fi bers from 
the chief sensory nucleus of the trigeminal system. These com-
bined sensory pathways enter the posterior aspect of the thalamus 
to terminate in the ventroposterior nucleus (Fig. 14.3). Laterally, 
the ventroposterior thalamic nucleus (VPL) receives axons from 
the medial lemniscus in an orderly fashion, thus preserving the 
topographic map of the body (feet laterally positioned and arms 
more medially located). Medially, the ventroposterior thalamic 
nucleus (VPM) receives ascending axons from the chief sensory 
nucleus, representing discriminative sensory information from the 
face. Thus, the thalamus is the fi rst region in the ascending sensory 
systems where the body and the face are represented in somato-
topic register with each other.

The Thalamocortical Circuitry Functions as a Unit in 
the Processing of Sensory Information

Neurons in the ventroposterior thalamic nuclei project axons in an 
orderly fashion onto the postcentral gyrus of the parietal cortex—
the primary region of the somatic sensory system. Precisely mapped 
reciprocal connections from primary somatic sensory cortex to 
ventroposterior thalamus mean that the thalamocortical circuitry 
acts as an interlocked functioning unit. The reciprocal connections 
between the thalamus and the overlying cortex establish a strong 
oscillating rhythm through which information is transferred to the 
cerebral cortex.

The Neocortex Is Partitioned into Functional 
Regions Based on Its Distinct Cytoarchitecture 
and Connectivity

Human cerebral neocortex is partitioned in several domains prin-
cipally associated with motor or sensory functions; these domains 
are surrounded by signifi cantly larger cortical regions, termed asso-
ciation cortex, which are given over to the integration of cortical 
information between multiple sensory and motor areas (Fig. 14.4). 
The primary somatic sensory cortex is located along the postcentral 
gyrus and is directly posterior to the somatic motor cortex located 
on the precentral gyrus (Figs. 14.5 and 14.6). Although these corti-
cal areas were originally defi ned by their distinct cytoarchitecture, 
they have been confi rmed and elaborated based on their connections 
and functions. Three distinct regions are present in the primary 
somatic sensory cortex—areas 3, 1, and 2—with area 3 further sub-
divided into 3a and 3b (Fig. 14.6). Although each of these areas is 
organized into a somatotopic map of the body including the hand, 
neurons in each of these areas receive a different type of input from 
the periphery. This map is arranged by body segments proceeding 
from the trigeminal nerve through the cervical segments located 
laterally on the convexity of the cortex and eventually extending 
medially to the sacral segments located on the medial aspect of the 

The Primary Afferent Neurons Detect Physical 
(Mechanical) Stimuli in the Peripheral Tissue, 
Develop a Sensorineural Code Based on 
the Stimulus, and Conduct This Information 
to the Spinal Cord and Brainstem

Primary afferent fi bers detect various aspects of mechanical energy 
in the skin and encode this information into a series of discharge 
patterns that are conducted to the spinal cord (1). Four general pat-
terns of activity have been cataloged based on the response prop-
erties and general position of each sensory neuron in the dermis. 
Two types of receptors have rapidly adapting endings and quickly 
change discharge patterns to a static stimulus; these are the Meiss-
ner and pacinian corpuscles, both with onion skin–like encapsula-
tions. These rapidly adapting receptors are much better at recording 
a dynamic or moving stimulus than a static stimulus. The other two 
receptors, Merkel discs and Ruffi ni endings, demonstrate slowly 
adapting discharge patterns, much better designed to detect a static 
stimulus. Of these four types of receptors, the Meissner corpuscles 
and Merkel discs are located superfi cially at the epidermal-dermal 
junction, while the pacinian corpuscle and Ruffi ni ending are 
located in the deeper portion of the dermis. Each of these recep-
tors is capable of encoding a specifi c characteristic of the physical 
stimulus presented to the skin; thus, for any given object touching 
the skin in any specifi c manner, a unique sensorineural code will 
be generated. This sensorineural code is conducted into the spinal 
cord by the central processes of the primary neurons.

The Position of the Sensory Axon in the Dorsal Root 
Entry Zone Is Related to Its Function

The dorsal root enters the spinal cord through the dorsal root entry 
zone; this zone is segregated based on fi ber size. The small fi bers 
move laterally in the root and enter directly into the dorsal horn. 
These fi bers encode nociceptive stimuli and activate appropriate 
refl exes (see Chapter 15). Conversely, the large myelinated fi bers 
shift medially, passing over the dorsal horn and gaining entrance to 
the more medially located dorsal columns of the spinal cord. As fi bers 
add to the dorsal columns, they do so in an orderly manner, thus pre-
serving the topography of the body. The dorsal columns ascend the 
full length of the spinal cord to reach the inferior aspect of the dorsal 
column nuclei located at the cervicomedullary junction.

Central Processing of Fine Tactile Information 
Begins in the Dorsal Column Nuclei

Neurons in the dorsal column nuclei receive the large myelinated, 
Group II afferent fi bers in an orderly, somatotopic fashion. Within 
the dorsal column nuclei, each ascending axon synapses on a lim-
ited number of neurons, thereby maintaining the high fi delity of the 
information. These synapses are large and secure to ensure trans-
mission of the information to the target neurons. In addition, the 
neurons of the dorsal column nuclei also receive the synaptic end-
ings of corticonuclear fi bers arising in the parietal cortex; thus, cen-
tral processing of the sensorineural code really begins at this point.

The Chief Sensory Nucleus of the Trigeminal System 
Is Analogous to the Dorsal Column Nuclei

Primary afferent neurons innervating touch corpuscles in the face 
have their cell bodies in the trigeminal ganglion. Central projec-
tions from these ganglionic neurons reach the chief sensory nucleus 
in the trigeminal complex, which is located in the pontine portion 
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where digit representation is relatively discrete, digit representation 
is overlapping in area 2, thus creating a more complex pattern of 
neural activity (3). Considering the areas posterior to the primary 
somatic sensory cortex, it is found that precise topography is lacking 

cortex just above the corpus callosum. There is a disproportional 
representation of hands and mouth, which is refl ective of increased 
density of sensory receptors; this disproportionate representation 
translates into increased sensitivity and sensory discrimination for 
the hand and oral regions of the body (Fig. 14.7).

Primary Somatic Sensory Cortex Receives 
High-Fidelity Sensory Information

Each region receives input from differing sources: Group I muscle 
afferent input coming from muscle spindles and Golgi tendon 
organs targets area 3a; area 3b receives input from Group II slowly 
adapting cutaneous receptors, while area 1 receives input from rap-
idly adapting receptors, although this differentiation is not complete. 
Finally, area 2 neurons are very complex; they receive input from 
joint receptors, periosteum, and deep fascias but respond more to 
movement than to individual stimuli (2). Unlike areas 3a, 3b, and 1 

Figure 14-4 The spinal cord and brainstem pathways involved in 
tactile sensation. (From Campbell WW. DeJong’s The Neurologic 
Examination. Philadelphia, PA: Lippincott Williams & Wilkins, 2005, 
Figure 32.4.)

Figure 14-5 The location of the somatic sensory cortex on the 
convexity of the cerebral hemisphere. The primary somatic sen-
sory cortex (areas 3, 1, and 2) is illustrated in blue; posterior to 
the primary somatic sensory area lies the large posterior parietal 
association cortex. It is divided into superior and inferior regions by 
the intraparietal sulcus (black line). (Used with permission from the 
Willard/Carreiro Collection, University of New England.)

Figure 14-6 Primary somatic sensory cortex. A. A lateral view of 
the brain that demonstrates the primary somatic sensory cortex in 
blue and the primary motor cortex in red. The white line illustrates 
the plane of section for the cut demonstrated in (B). C. Magnifi ca-
tion of the postcentral gyrus illustrating the approximate locations 
of areas 3a, 3b, 1, and 2. (Used with permission from the Willard/
Carreiro collection, University of New England.)
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representations. Such reallocation of territory occurs on a larger 
scale when an entire extremity is lost. Abuse of the somatic sen-
sory system can also alter the cortical somatotopic maps. Studies 
that created chronic repetitive strain injury in primates have dem-
onstrated a loss in precision of the somatic sensory cortical maps, 
suggesting that proper rehabilitation following such injury may 
involve reforming and refi ning these cerebral projection maps (7). 
These studies suggest that learning any type of manual skill will 
alter the cortical surface map; thus, as students hone their palpatory 
skills, their cortical somatic sensory map is most likely responding 
by allocating increased area for the representation of digits.

CENTRAL PROCESSING: FROM NEURAL CODE 
TO PERCEPTION

Primary Somatic Sensory Cortex Is Involved 
in a High-Speed Feedback Pathway for 
Primary Motor Cortex

The dorsal column–medial lemniscus pathway is a high-speed path-
way carrying touch and proprioceptive sensory information to the 
primary somatic sensory cortex. Intracortical connections map these 
data onto the primary motor cortex where it can act as a feedback 
system regulating discrete movements of the hands and feet. Motor 
cortex can control the actions of individual muscles in the distal 
extremities through the corticospinal tracts and their connections in 
the ventral horn of the spinal cord. Using this system, we can regu-
late the force we apply during palpation of an object (1). The osteo-
pathic physician utilizes this feedback system as he or she learns to 
adjust the depth of palpation accomplished by his or her fi ngers.

Integration with Surrounding Areas of 
Association Cortex Provides the Complexity 
of the Sensory Experience

The primary somatic sensory cortex has our tactile world mapped 
in a high-fi delity Cartesian system of intersecting body segments 
and receptor types as previously described. Yet, we know that we 
do not feel specifi c receptor types or specifi c segmental boundaries; 
instead, we feel objects, textures, and shades of fi rmness, often col-
ored by emotions; clearly, this is not happening solely on primary 
somatic sensory cortex. Rather, data from the Cartesian map on 
primary somatic sensory cortex are projected outward to surround-
ing cortical regions termed association cortex; typically, these are 
located in the posterior parietal cortex, the parietal operculum, and 
the inferior temporal cortex. The association areas establish com-
plex interconnections with numerous surrounding cortical regions 
as well as the primary somatic sensory areas. In addition, portions 
of these association areas also map to other major sensory systems 
such as the visual system and auditory system; thus, neurons in 
these areas are often polysensory in nature. What emerges is a com-
plex neuronal network involving high-fi delity data representation 
in the primary cortex and numerous network activity nodes spread 
across the posterior association cortex of the brain. The sustain-
ability of activity in these nodes depends on the power contained in 
the thalamocortical circuitry; each region of the node is mapped to 
a unique region in the thalamus. Repeated thalamocortical oscilla-
tions augment the intracortical connections and contribute to net-
work sustainability. In addition to repetitive thalamic input, dense 
connections from the prefrontal cortex serve to augment and reen-
force the activity on this network. It is currently believed that from 
the summated activity of this complex neuronal interaction emerge 
our sensations of feeling, sight, and audition.

and neuronal response properties are very complex; this is in 
keeping with regions involved in higher cortical functions (3).

Representation of Body Schema on the Primary 
Somatic Sensory Cortical Surface Is Plastic and 
Can Be Infl uenced by the Environment

Often, the impression given by textbook descriptions of sensory 
maps is that these systems are relatively hardwired from birth; 
nothing could be further from the truth. Cortical mapping is very 
dynamic and can expand in response to exercise and contract in 
response to nonuse (4; reviewed in Refs. 5,6). Witness the expan-
sion of the cortical maps for the digits seen in musicians such as a 
violinist; a similar expansion undoubtedly occurs in the cortex of 
a physician when training his or her hands in palpation. A similar 
expansion was seen in the digital representation of experimental 
subjects with sight who were taught to read Braille. Conversely, 
anesthesia, immobilization, or removal of a digit results in a 
rapid loss of the cortical area representing the missing digit, and 
the newly available territory is claimed by surrounding digit 

Figure 14-7 The somatotopic organization of the primary somatic 
sensory cortex. The upper left corner presents a lateral view of the 
brain with the primary somatic sensory cortex illustrated in green. 
A. A section parallel to the postcentral gyrus demonstrating the 
approximate location of the body map. B. A fi gurine demonstrat-
ing the distortion in the sensory map; areas of the body such as 
the hands and the mouth with increased density of sensory recep-
tors received a disproportionally large representation in the cortical 
sensory map. (From Bear M, Connors BW, Paradiso MA. Neurosci-
ence: Exploring the Brain. Philadelphia, PA: Lippincott, Williams & 
Wilkins, 2001.)
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from this memory, the student develops a sense of normal and 
abnormal tissue texture.

Representation of Body Schema Is Complex and 
Occurs in Hierarchical Process of Layers

The thalamic projections to the primary somatic sensory cortex are 
highly organized by body segment and by receptor type; this repre-
sents one level in a hierarchy of body maps. The topography of body 
representation in this portion of somatic sensory cortex is distorted 
by sensitivity; areas of skin having the greatest sensitivity have dis-
proportionally larger representation in the primary somatic sensory 
cortex; yet, this distortion in sensory representation is not perceived 
by our mind. A second level of representation based on topography is 
necessary to accurately register stimulus location regardless of inner-
vations density and tissue sensitivity (11). This map must be updated 
temporally to account for age-related changes in body habits. Such 
updating occurs slowly; witness the clumsiness seen in pubescent 
individuals experiencing a “growth spurt” (12). A third level of rep-
resentation is required to adjust the body map dependent on body 
posture (6). Finally, an additional level of processing is postulated to 
involve the mapping of the conscious body image; evidence suggests 
that this process may be located in the posterior parietal cortex (12).

CENTRAL PROCESSING: FROM PERCEPTION 
TO EMOTION

Integration with More Distal, Limbic Areas of the 
Cerebral Cortex Provides the Emotional Context of 
the Sensory Experience

The somatic sensory pathways discussed so far in this chapter all 
involve input from well-myelinated systems with elaborate encap-
sulated sensory endings. An additional nonmyelinated sensory 
arising from fi bers with naked nerve endings also provides input 
through the thalamus to the cerebral cortex. This latter system 
targets a portion of the insular cortex in a region that represents 
an extension of the somatic sensory cortex around the operculum 
into the lateral fi ssure. This small fi ber input system is postulated to 
play a signifi cant role in modulating our body’s response to touch 
through its infl uence on the autonomic nervous system. This input 
also appears to infl uence our emotional state through its projections 
to the orbital prefrontal cortex and the anterior cingulate gyrus (13). 
These regions of the brain are associated with what many research-
ers have termed the limbic system—a loosely defi ned system that 
is believed to strongly regulate to our emotions (14). Activity in the 
orbital prefrontal cortex affects a strong reinforcement system, aug-
menting our positive or negative impressions of the particular tactile 
stimuli (15,16). Thus, tactile stimuli, using high-speed myelinated 
pathways, gain access to a discriminative and cognitive cortical sys-
tem, allowing analytical evaluation of touch such as one might use 
in physical diagnosis; however, there is an additional component of 
the tactile information, which employs slower, less well myelinated 
systems that percolate through a strong cerebral emotional fi lter in 
and that play a large role in our fi nal impression of touch (17).

This emotional aspect of touch gathers all of our past 
experiences—good or bad—to color our feelings and infl uence our 
decisions. To touch another is to be touched back, in essence tac-
tility is bidirectional, intimate and reciprocal. The physician’s and 
patient’s boundaries are united with the intent to heal. The intan-
gible emotions of physicians as they touch patients, encompassing 
all of their past experiences, may thus play a large role in the diag-
nosis that they pronounce and the treatment that they endorse.

Two Major Processing Streams Through the Cerebral 
Cortex Help Integrate Somatic Sensory Input with 
Other Sensory Systems to Render Our Complex 
Feelings of Touch

The dorsal visuospatial stream, or “where pathway,” involves occipi-
tal cortex projections to the superior posterior parietal lobule 
(Fig. 14.8). This stream processes information involved with attention 
to the stimulus as well as location of the stimulus. Activity in this infor-
mation stream helps in fi tting the stimulus into a three-dimensional 
map of extrapersonal space. The ventral visuospatial stream or “what 
pathway” involves occipital cortex projections to the inferior temporal 
lobe. This stream provides information useful in recognizing, catalog-
ing, and naming a stimulus. The somatic sensory parietal cortex has a 
dorsally directed projection that appears to participate in the “where 
pathway” and ventrally directed projections that contribute to the 
“what pathway” (8). This cortical organization affords us the ability to 
integrate visual and somesthetic senses into coherent images.

CENTRAL PROCESSING: FROM PERCEPTION 
TO COGNITION

The Prefrontal Cortex Is Involved in Reenforcing the 
Network Established in the Posterior Association 
Cortex Contributing to the Formation of 
Tactile Memories

Dorsolateral prefrontal cortex is strongly interconnected with the 
posterior parietal cortex and the inferior temporal cortex. These 
prefrontal cortex connections function to integrate information 
between the dorsal and the ventral information streams in the pos-
terior association cortex (9). Through this integration of multiple 
distributed cortical networks, prefrontal cortex helps to create tac-
tile memories. Thus, the prefrontal cortex uses the same informa-
tion streams in parietal and temporal cortical areas that initially 
process tactile information to create our working memory of the 
experience (10). Tactile memory is used to compare tissue feelings; 

Figure 14-8 The information processing streams in the posterior 
association cortex. A dorsal stream arises from the visual and somatic 
sensory cortex termed the “where pathway.” A ventral stream arises 
from the visual and somatic sensory cortex and is termed the “what 
pathway.” (Used with permission from the Willard/Carreiro Collec-
tion, University of New England.)
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Nociception and Pain: The Essence of 
Pain Lies Mainly in the Brain
FRANK H. WILLARD, JOHN A. JEROME, AND MITCHELL L. ELKISS

INTRODUCTION: THE NOCICEPTIVE 
SYSTEM AND PAIN

Every organism requires some form of protective system to detect 
and avoid potential external and internal environmental threats and 
to craft the behavioral expression of defensive behaviors. An ideal 
protective system would activate just before tissue damage is done 
and cease activation when the threat has remitted. In addition to 
protective refl exes, such a system should also trigger a strong learn-
ing experience that sensitizes the organism to future situations and 
helps foster avoidance behavior. Humans are endowed with just 
such a system; it is composed of small slowly conducting peripheral 
nerve fi bers that can trigger rapid defensive responses at both spi-
nal cord and brainstem levels as well as slower longer-lasting defen-
sive changes involving neural, endocrine, and immune adaptations 
orchestrated from complex forebrain circuits. Accompanying these 
physiological and behavioral adaptations, there can also be a hard-
to-defi ne feeling of unpleasantness often simply termed “pain.” The 
activity generated by a dangerous or potentially dangerous stimulus 
is not pain, it is best termed nociception, a mechanical and neuro-
chemical process that is similar in physiology and intensity regard-
less of the individual concerned; pain is however the perception 
placed on this activity by the brain; pain is the learning experience. 
Thus pain arises, not from the small, primary afferent fi bers in the 
periphery detecting a stimulus, but from the response of complex 
interacting systems contained in the forebrain, reacting to the bar-
rage of nociceptive peripheral input. Along with the response to 
noxious stimulus, the “feeling of pain” also involves the integration 
of many previous situations as well as being set in the context of 
current emotional status of the individual; for this reason, painful 

feelings may vary tremendously in intensity and quality from 
individual to individual as well as within an individual over time.

In this chapter, we will examine the small-fi ber systems in 
the periphery that respond to potentially damaging stimuli and 
their initial short-loop reactions in the gray matter of the spinal 
cord. Next, a treatment of longer loop refl exes generated in the 
brainstem and forebrain will be developed. This will be followed 
by considering the integration of nociceptive input into the other 
defensive systems such as the endocrine response and the immune 
response to make an elaborate supersystem sculpting the organ-
isms overall physiological and behavioral adaptations. Emphasis 
will be placed on the role of integrating the emotional circuitry 
of the brain into the defensive response in an effort to understand 
normal individual adaptations as well as the pathological responses 
associate with chronic pain scenarios. As with any physiological 
system, the central processes can regulate the peripheral systems; 
therefore, we will explore the descending neuronal and endocrine 
systems that infl uence the operation of the input systems both at 
the peripheral level and in the spinal cord and brainstem.

Finally, as with any complex system, failures can and do occur 
frequently. Complete loss of the small-fi ber system, which can occur 
in certain familiar disorders, has catastrophic consequences for the 
individual concerned. Lack of a warning system allows self-mutila-
tion to occur and the eventual demise of the musculoskeletal system 
(reviewed in Nagasako et al., 2003). From the study of such patients, 
it is clear that the normal activity of a nociceptive system is necessary 
for the maintenance of health in the individual. However, other seeds 
for destruction are contained in the very nature of the power in the 
system. The nociceptive system is a feed-forward system, explosive 
in activity and designed to mount a quick, effective, and powerful 

K E Y  C O N C E P T S
■ Tissue injury activates small primary afferent fibers in a process termed nociception.
■ Nociceptive information from these afferent fibers passes through the dorsal horn of the spinal cord to reach the 

brainstem and thalamus.
■ In the brainstem reflexes are initiated that can modify the individual’s homeostatic mechanisms in a protective manner.
■ From the thalamus, numerous cortical areas are engaged, creating a matrix of activity in the cerebrum contributing 

to the emergence of our feelings of pain.
■ Based on this feeling of pain, protective physiological and psychological reflexes are initiated by the individual.
■ Acute injury typically results in acute pain, a process which should resolve as the tissues heal.
■ However, each level in the system is capable of sensitizing to the nociceptive activity and thereby enhancing our 

response both physiologically and psychologically to the noxious event.
■ Excessive modification in the neural circuitry involved in processing nociception can lead to activity that out lasts 

the inciting event, thus entering the realm of chronic pain.
■ In chronic pain patterns, protective physiological and psychological reflexes now become pathological, such 

dysfunction will affect the individual overall health and well being.
■ Continued obsession with the pain further facilitates the involved forebrain circuitry creating a progressively 

worsening downward dysfunctional cycle carrying the individual into despair and depression.
■ It is the role of the osteopathic physician to identify the physical (somatic and visceral) as well as behavioral factors 

contributing to these chronic dysfunctional patterns.  It is the philosophy and practice of the osteopathic physician 
to assist the patient in seeking ameliorative and restorative strategies in the quest to regain health.

15
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to noxious stimuli (hyperalgesia) or even nonnoxious stimuli 
(allodynia) or, in some cases, simply generating spontaneous activity 
that the brain then interprets as continuous pain. Chronic pain, that 
is pain which is persisting past a reasonable, acute period of time (2 
to 4 months), is often associated with a wide array of biopsychosocial 
reactions (Gatchel et al., 1996) and is now a pathological state.

Both acute and chronic pain involve facilitation in the spinal 
dorsal horn or trigeminal system. Spinal facilitation is reasonably 
well understood and the mechanisms by which this initially pro-
tective state converts into a pathology are slowly becoming under-
stood. This transition from acute to chronic pain states represents a 
breeching the body’s inherent capacity to heal its self and has to be 
understood as such in order to achieve effective treatments in the 
clinic. A signifi cant manifestation of chronic pain can be the presen-
tation of altered function in the musculoskeletal and visceral systems 
of the body. Recognizing the signs and symptoms of spinal cord or 
trigeminal nuclear facilitation and its manifestation as chronic pain 
becomes critical to the differential diagnosis of its myriad of etiolo-
gies. A major feature of this chapter will be consideration of the con-
version from an acute pain scenario to that of a chronic pain disease; 
to begin we will examine the peripheral nervous system and discuss 
its involvement in nociception and the perception of pain.

THE PERIPHERAL NERVOUS SYSTEM

Compartments of the Peripheral Nervous System

The peripheral nervous system of the body can be divided into 
three major compartments. The fi rst is the somatic system that 
innervates the skin, dermis, fascias, and deep tissues such as muscle, 
bone, tendon, and enthesis as well as joint capsule. The second is 
the visceral system that provides sensory innervation to the organs 
of the body located the in the thoracic, abdominal, and pelvic cavi-
ties. Finally, a third category consists of vascular afferent fi bers that 
course along the neurovascular bundles and provide innervation to 
the vascular system both in the somatic and the visceral locations.

Primary Afferent Neurons Innervate Peripheral Tissue

The sensory cells of the peripheral nervous system are termed pri-
mary afferent neurons. Their cell bodies are located in a dorsal root 
ganglion. The central processes of these cells terminate in the spi-
nal cord or brainstem (Fig. 15.1). In general, these primary afferent 
neurons are divided into four fundamental types of fi bers based on 
the size of their axon and the type of peripheral ending (Table 15.1). 
The four fi ber types of the peripheral nervous system can be grouped 
into roughly two general categories: large-caliber myelinated fi bers 
with encapsulated endings and small-caliber unmyelinated or lightly 
myelinated fi bers with naked nerve endings. Although this division 
is not perfect, it is supported by evidence that suggests the cell bod-
ies of the two types differ in size, the development of the two groups 
occurs on differing timetables, and their immunohistochemistry is 
differentiated (Prechtl and Powley, 1990; Fitzgerald, 2005).

The Large-fi ber System Is Mainly Involved with 
Discrimination and Proprioception

The large-fi ber sensory system is composed of heavily myelinated, 
rapidly conducting A-alpha and A-beta fi bers. Of these, the A-alpha 
fi bers are the largest and connect to muscle spindle and Golgi ten-
don organs at their distal endings, while the A-beta fi bers are slightly 
smaller in diameter and are typically attached to cutaneous touch 
corpuscles or related endings located in deeper tissues such as joint 
capsules. Table 15.1 compares the properties of these two rapidly 

protective response. The mechanisms underlying this powerful 
response require strong inhibition if they are to be adequately con-
trolled; loss of these controls leads to excessive responses, very simi-
lar to the development of seizures disorders expressed in the cerebral 
cortex. This excessive activity in the nociceptive pathways or in the 
target regions of the forebrain can generate the feelings of pain when 
no peripheral generator exists. Facilitation of this activity can lead to 
physical neuronal damage with a resulting deepening and hardening of 
the aberrant synaptic patterns such that eventually an indelible chronic 
pain circuit becomes ingrained in the patient. This chapter will discuss 
some of the mechanisms involved in establishing these chronic pain 
patterns and their effect on the general health of the individual.

DISTINCTION BETWEEN PAIN 
AND NOCICEPTION

When we injure ourselves, we activate small primary afferent fi bers 
in that carry action potentials to the spinal cord capable of initiating 
protective refl exes. This is a mechanical and electrochemical pro-
cess termed nociception, the activation of sensory fi bers by noxious 
stimuli. However, this event allow does not necessarily result in a 
sensation of pain. The spinal cord can become facilitated and relay 
these nociceptive signals to the brainstem where other refl exes con-
cerning the autonomic nervous system and endocrine system may 
be then be initiated; however, these events still do not necessarily 
result in a sensation of pain. In fact, all of these events can occur 
without conscious awareness of the situation. Projections from the 
spinal cord and trigeminal brainstem nuclei also reach the thala-
mus and activate thalamocortical circuitry generating a network 
of activity on the cerebral cortex. Regions of the cortex involved 
in localization, the autonomic nervous system, emotions and 
affectation are involved creating a large matrix of activity from which 
pain is an emergent feeling (Chapman, 2005). Thus the feeling of 
pain, which is defi ned as an unpleasant sensation, does not arise from 
any one region in the cerebrum but instead from a network which 
itself is colored by our past physical and emotional experiences.

Since nociception and pain are separate but related entities, 
they can be disassociated from each other. People can experience 
physical trauma and not feel pain and, conversely, patients can 
experience much pain but lack any physical evidence of ongoing 
nociception in peripheral tissue. Many of the patients that you will 
experience fall into this latter category. This chapter will focus on 
the mechanisms of nociception fi rst and then consider the experi-
ence of pain and its impact on the patient’s health.

DISTINCTION BETWEEN ACUTE AND 
CHRONIC PAIN

Fundamentally, pain can be divided into two major categories: that 
which is good for you (protective), termed eudynia, and that which 
is not (maladaptive), termed maldynia. Good pain is commonly des-
ignated as acute pain. It is an expected symptom of tissue damage; it 
is protective in nature and lessens in intensity as the tissue returns to 
normal. Chronically recurring or unremitting pain is not a normal 
experience; it is a pathology and as such is an indicator that something 
has gone seriously wrong with the nociceptive system. Either tissue is 
very abnormal in its composition (chronic infl ammation) and thus a 
constant nociceptive signal is being generated, or the neural pathways 
of the spinal nociceptive system and the cerebral cortex have become 
facilitated and as such have suffered a signifi cant change in organi-
zation and are malfunctioning. A combination of both peripheral 
tissue and central system dysregulation is also possible. Ultimately, 
this abnormal activity can result in the system overresponding 
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stimuli initially activate the fi ber ending, which then adapts to the 
stimulus by altering its shape in such a way that it becomes nonre-
sponsive to that particular stimulus. Adaptation of these fi bers facili-
tates the detection of novel stimuli in the environment.

The Large-Fiber System is Active in Pain Control

Although the major target of A-beta fi bers is the dorsal column 
nuclei of the brainstem, many of these fi bers, as they enter the spinal 
cord, give collateral branches that invade the dorsal horn as well. 
These collateral branches, through an inhibitory mechanism, can 
modulate the transmission of information in the small-fi ber sys-
tem in the dorsal horn and thereby prevent nociceptive information 
from ascending in the spinal cord tracks. This mechanism has been 
termed the gate-control theory of pain modulation and appears to 
play a signifi cant role in controlling the activity of the small-fi ber 
system. (Melzack and Wall, 1965). Conversely, under situations of 
intense peripheral stimuli involving infl ammation, some members 
of the large-fi ber system have been observed to undergo a pheno-
typic change such that they can now activate dorsal horn neurons 
and produce a neuropeptide termed substance-P, a marker for the 
small-fi ber system (Neumann et al., 1996). This alteration in fi ber 
function would have profound effects on the amplifi cation of signal 
in the dorsal horn and the patient’s perception of pain.

THE SMALL-FIBER SYSTEM

The small-fi ber sensory system is composed of A-delta and C-fi bers; 
collectively these fi bers have been referred to as primary afferent noci-
ceptors (PANs). The A-delta fi bers have a thin myelin sheath; whereas 
the C-fi bers only have a thin wrapping derived from the Schwann cell 
but no myelin. A common feature of these fi ber types is their termina-
tion as an exposed or naked axon ending, also termed free nerve end-
ing, embedded in the extracellular matrix of the surrounding tissue. 
In general, many of these small-caliber fi bers have high thresholds of 
activation, requiring tissue-damaging or potentially tissue-damaging 
levels of energy before generating action potentials. However, there 
are some A-delta fi bers with thresholds of activation in the same 
range as the large-fi ber systems previously described (Meyer et al., 
2006); these low-threshold fi bers will not be considered further.

The Small-Fiber System Targets The Dorsal Horn

The central process of the small-caliber fi bers terminates in the ipsi-
lateral dorsal horn of the spinal cord (Fig. 15.1) or if the fi ber arises 

conducting fi ber systems. Typically, members of the largest fi bers are 
easily activated, being sensitive to low levels of mechanical energy, 
and have the fastest conduction velocities. The ascending projec-
tions of the large-fi ber system travel in the dorsal column–medial 
lemniscus system as well as the spinocerebellar systems to reach the 
thalamus from which they are relayed on to somatic sensory cortex 
(Fig. 15.2). This mapping is fairly precise and supports high-fi delity 
representation of the homunculus on the postcentral gyrus of the 
cerebral cortex (reviewed in Kandel et al., 2000). Collectively, the 
large-fi ber system gives us the sensory modalities of vibratory sense, 
discriminative touch, and proprioception. Individual fi bers of this 
system are said to be line labeled in so much as they represent a 
specifi c modality; varying the intensity of the stimulus for this fi bers 
does not signifi cantly alter the modality that they represent. Thus, 
an A-beta fi ber associated with a Pacinian corpuscle, when activated, 
gives the individual a sense of vibration regardless of the intensity 
of the activation. This consistency in sensory perception contributes 
to the accuracy and precision of the system. An additional property, 
prominent in the large-fi ber system, is ability of many of its endings 
to undergo adaptation to repetitive stimuli. In such fi bers, repetitive 

T A B L E  1 5 . 1

Classification of Fiber Types in the Peripheral Nervous System

Classification Fiber Size and Velocity Myelin Origin Receptor Organ Effective Stimulus

Group Ia (Aα) 12–20 mm; 70–120 m/s Yes Muscle Annulospiral Stretch—low threshold

Group Ib (Aa) 2–20 mm; 70–120 m/s Yes Muscle Golgi tendon 
organs

Active contraction of muscle

Group II (Ab) 5–12 mm; 30–70 m/s
Yes Muscle Flower-spray Stretch—low Threshold
Yes Skin Touch corpusles Mechanical deformation of skin

Group III (Ad) 2–5 mm; 12–30 m/s Yes Muscle 
and skin

Nociception Mechanical deformation of skin; 
heat; cold; chemical stimulation

Group IV 
(C-fibers)

0.5–1 mm; 0.5–2 m/s No Muscle 
and skin

Nociception Mechanical deformation of the 
skin; heat; chemical 
stimulation

Figure 15-1 The termination of primary afferent fi bers in the spinal 
cord. Large myelinated fi bers with large cell bodies in the dorsal root 
ganglion (DRG) can be seen passing dorsal to the dorsal horn to 
enter the dorsal columns while small laterally positioned fi bers with 
small cell bodies in the DRG are shown entering the dorsal horn lat-
erally. (Used with permission from the Willard/Carreiro collection.)
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course upward in the anterolateral tract or system to reach the brain-
stem and thalamus (Fig. 15.3). Low-level activation of the small-
fi ber systems (most likely A-delta fi bers) gives us the perception of 
touch without much localizing capability; however, increasing the 
activity of this system transforms the perception from that of touch 
to the sensation of pain. Thus, instead of being line labeled such 

in the trigeminal territory of the face, its central process terminates 
in spinal trigeminal nucleus of the medullary brainstem. Specifi cally, 
these small-diameter afferent fi bers reach laminae I, II, and V of the 
dorsal horn as well as the central portion of the gray matter around 
lamina X. Ascending projections from the dorsal horn neurons cross 
the midline in the anterior white commissure of the spinal cord and 

Figure 15-2 The dorsal column—
medial lemniscal system. (From 
Campbell WW. DeJong’s the 
Neuro logic Examination, Phila-
delphia, PA: Lippincott Williams 
& Wilkins, 2005.)
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Figure 15-3 The Anterolateral or 
spinothalamic system. (From Campbell 
WW. DeJong’s the Neurologic Exami-
nation. Philadelphia, PA: Lippincott 
Williams & Wilkins, 2005.)
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surrounding connective tissue termed the perimycium and are 
thought to play a major role in regulating the vascular dynamics of 
the muscle. Many of these small fi bers contain neuropeptides such 
as substance-P and calcitonin gene–related peptide consistent with 
their role as sensory fi bers and neurosecretory fi bers. Thresholds 
for activation muscle PANs are usually somewhat lower than that 
necessary actually to damage the surrounding muscle tissue. Dis-
tribution of the PANs is complex; many of these fi bers have more 
than one receptive fi eld in the peripheral tissue, and often the two 
fi elds are not contiguous. Muscle PANs appear to be sensitive to 
infl ammatory substances and to the breakdown products resulting 
from intense muscle activity. Finally, muscle PANs are well noted 
for their ability to increase activity in the spinal cord, leading to 
sensitization of the dorsal horn neurons (Wall and Woolf, 1984).

Tendon

The PANs found in tendons are not very well characterized at this 
time. Mense describes small fi bers in the peritendineum and in the 
enthesis but not in the body of the tendon (Mense and Simons, 
2001). Alpantaki described nerve networks extending the length 
of the human bicep tendon and especially dense at the enthesis, 
but not in the tendon–muscle junction (Alpantaki et al., 2005). 
The small fi bers in these neural networks contained several neu-
ropeptides typically associated with sensory fi bers such as PANs. 
Concentration of these fi bers at the enthesis could be related to the 
notably painful presentation of enthesitis.

Blood Vessels

Somatic and visceral blood vessels receive small-caliber sensory 
fi bers as well as a sympathetic innervation. PANs follow the sym-
pathetic nervous system coursing in the tunica adventitia of these 
blood vessels. These small vascular fi bers release vasodilatory neu-
ropeptides and can act as a counter-regulatory force to the vaso-
constrictive nature of the sympathetic system. This is especially 
interesting in light of the fact that the somatic peripheral vascu-
lature does not receive a parasympathetic innervation; thus, the 
PANs could be providing some, if not most, of the external dilatory 
signals to the vasculature (Premkumar and Raisinghani, 2006).

Nerves

The connective tissue sheath surrounding nerves contains a PAN 
innervation (Bove and Light, 1995). Where studied, these fi bers 
contain and release proinfl ammatory neuropeptides and have high 
thresholds of activation similar to nociceptors. It is possible that some 
of the pain arising from chronic injury of a nerve could be arising from 
the PANs in the connective sheath surrounding the nerve rather than 
from the discharge of axons contained within the nerve itself.

Joints

Joints typically receive multiple articular nerves. These nerves have 
been demonstrated to contain as much as 80% small-caliber (C-fi ber 
range) axons; of these small fi bers, there is approximately an even split 
between those of the sympathetic nervous system and PANs (Schai-
ble and Grubb, 1993). Fibers of all calibers innervate the joint capsule, 
ligaments, menisci, and surrounding periosteum; however, only small-
caliber, peptide-containing fi bers are typically seen in the synovial 
membranes. Increased density of innervation is a feature in abnormal, 
osteoarthritic joints and suggests that the PAN system is plastic and 
dynamic and can respond to injury by proliferating into the damaged 
tissue along with the blood supply (Fortier and Nixon, 1997).

as the large-fi ber system, some members of the small-fi ber system 
appear to change their specifi city with the intensity of activation.

The Output of the Small-Fiber System is 
Protective in Nature

In addition to warning signals (pain sensation), the small-caliber 
system activates a complex response from the brainstem termed 
by Hans Selye the general adaptive response (Selye, 1946). This 
response involves alterations in the autonomic nervous system and 
the hypothalamic-pituitary-adrenal axis, both refl exes which will 
contribute to the inherent ability of the body for self-regulation 
and the reestablishment of health. These concepts will be further 
discussed toward the end of the chapter.

An additional distinctive property of the small-caliber system 
is its ability to sensitize to repetitive stimuli. Unlike the large-fi ber 
system, which tends to adapt to a stimulus, many of the components 
in the small-fi ber system—either at the level of the peripheral neu-
ron, spinal cord neurons, or even higher in the CNS—will increase 
their sensitivity to the stimulus. This enhanced activity secondary 
to sensitization has signifi cant implications for the small-fi ber sys-
tem in the pathology of chronic pain ( Ji et al., 2003).

SUMMARY

Both small- and large-fi ber systems can play a role in the human 
perception of pain. However, typically, the small-caliber system has 
by far the greatest impact. In normal tissue, only small fi bers transmit 
nociceptive information and only their activity is perceived as pain. 
In addition, the large-fi ber system helps to gate the activity of the 
small-fi ber system and control the amount of nociceptive informa-
tion gaining access to the spinal cord neurons. However, in injured 
tissue, the situation changes dramatically. The large-fi ber system can 
now become a key player involved in generating the perception of 
pain. The next section of this chapter will be focused on the ana-
tomical organization and functional properties of the small fi bers and 
their interaction with the large-fi ber system in pathologic situations.

SMALL-FIBER LOCATION

PANs terminate with naked nerve endings in numerous tissues 
throughout the body. The specifi c locations in which these fi bers 
terminate are important for understanding the patterns of pain that 
they develop.

Skin And Fascia

PANs are present in the dermis and underlying fascia throughout 
the body (Munger and Ide, 1988). Upon entering the dermis, much 
branching of these fi bers occurs before their termination. A variety 
of molecular receptor types are present on cutaneous afferent fi bers 
( Julius and Basbaum, 2001). The PANs in the deep fascia are mostly 
associated with blood vessels, while a few in the dermis can have 
small terminal branches that actually penetrate the epidermis to end 
embedded between cells of the squamous epithelium; these are termed 
intraepithelial endings. PANs also reach the specializations of the 
integument such as the nail beds, tympanic membrane, and cornea.

Muscle

Muscle nerves can be as much as 50% small fi bers in composition 
(Mense and Simons, 2001). Within the muscle, PANs are seen to 
course in the connective tissue surrounding the vasculature. While 
PANs do not directly innervate myocytes, they do remain in the 
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depolarization of the fi ber. Thermal stimuli also open thermal-
sensitive ion channels on some PAN fi ber membranes. These heat-
sensitive channels have been identifi ed and were originally described 
as vanilloid receptors (V1) or, as more recently termed, “transient 
receptor potential channels” (TRPV1). However, the chemore-
ceptors are the more important of the receptor types related to 
chronic pain seen in the musculoskeletal. Substances released in 
the environment of the chemoreceptive PANs, during tissue injury 
or infl ammation, activate receptors located on the exposed mem-
brane of these fi bers (Fig. 15.4). Many different substances (called 
alodynogens) can activate or sensitize PANs, either directly through 
their receptors or indirectly by stimulating the production of other 
compounds that in turn can activate their receptors; thus, chemore-
ceptive PANs are responsive to a wide range of modifi cations in 
the chemical milieu of the surrounding tissue (Levine et al., 1993). 
Receptors are of three general types: ion channels, G-protein-
coupled receptors, and cytokine-type receptors (Table 15.2).

There is a growing list of alodynogens capable of activating 
PANs; some of the better known examples are listed in Table 15.3. 
Most of these substances are present either in a blocked form or 
sequestered in cells, to be unlocked or released in the face of tissue 
injury. Histamine is contained in the granules of mast cells, which 
is situated along neurovascular bundles in fascia. Injury disrupts the 
mast cell releasing the histamine into the tissue. Similarly, disrup-
tion of vascular endothelial cells releases prostaglandins into the sur-
rounding tissue. Finally, bradykinin, a plasma protein produced in 
the liver, is present in blocked form termed preprobradykinin. Tissue 
damage activates enzymes similar to the clotting cascade that ulti-
mately results in the release of bradykinin in the surrounding tissue.

Infl ammation releases a cascade of chemicals, many of them 
capable of helping cleanse the tissue and stimulating wound repair 
in short-term exposure; however, most of these substances are also 
alodynogens. PANs have receptors for many of these chemicals and 
can record their release into the tissue by depolarization and action 
potential formation. Peripheral release of neuropeptide allodyno-
gens from PANs can initiate or exacerbate an infl ammatory response 
(Fig. 15.5). Some of these same substances are also used as neu-
rotransmitters or neuromodulators, released from the central process 
of the PAN in the dorsal horn. PAN activation serves as a warning 
and initiates spinal cord and brainstem level refl exes to protect the 
injured area. In addition, exposure to some of these compounds acti-
vates G-protein-signaling cascades capable of sensitizing the PAN. In 
essence, the PANs are introceptors, sensitive to the quality of our tis-
sue and can inform the central nervous system of our tissue health.

Viscera

The axons entering viscera are typically small in size, being in the 
Ad- and C-fi ber range (Bielefeldt and Gebhart, 2006). Afferent 
fi bers enter the thoraco-abdomino-pelvic cavity either with the 
vagus nerve or the splanchnic nerves. These fi bers are distributed via 
suspensory ligaments (mesenteries and mesocolons) to the hollow 
viscera. Sensory innervation can be found in the suspensory liga-
ment as well as in the muscular wall and mucosa of the organ. Solid 
organs, such as the liver, are primarily innervated in the region of the 
fi brous capsule with very little projecting into the organ parenchyma. 
Many fi bers are mechanoinsensitive, responding only to infl amma-
tory compounds in the tissue. As such, they have been termed silent 
nociceptors to denote the lack of initial response to mechanical 
deformation (Cervero and Jänig, 1992), for example, during surgery. 
Although the total number of visceral afferent fi bers is marginal 
compared to the somatic afferent system, the visceral system com-
pensates for this by heavy branching and ramifi cation of the central 
terminals in the spinal cord and brainstem (Cervero, 1991).

Meninges

Small-caliber fi bers innervate the dura and extracerebral blood 
vessels surrounding the brain. These small fi bers are components 
of the trigeminovascular system. Their cell bodies are located in 
the trigeminal ganglion and their peripheral processes follow the 
cerebrovascular system until it penetrates the brain. Infl ammatory 
irritation of these fi bers plays a crucial role in migraine and other 
vascular head pains (Sanchez del Rio and Moskowitz, 2000).

Annulus Fibrosis

PANs penetrate approximately one third of the way into the disc, 
reaching most of the annulus fi brosis but do not extend into the 
nucleus pulposis (Stilwell, 1956; Groen et al., 1990). These fi bers 
are derived from the sinu vertebral nerve (recurrent meningeal) 
posteriorly and from the prevertebral plexus (somatosympathetic 
nerves) anteriorly ( Jinkins et al., 1989). Many of these fi bers con-
tain neuropeptides typical of small-caliber primary afferent fi bers 
and are involved in discogenic pain. In addition, PANs are found 
in the anterior and posterior longitudinal ligaments and in the facet 
joint capsules as well as in other ligaments of the vertebral column. 
This network of small-caliber fi bers surrounding the vertebral col-
umn is involved in the axial pain syndromes (Willard, 1997).

SUMMARY

PANs have an almost universal distribution in the body; only a few 
areas have been demonstrated to be devoid of PANs. These regions 
include such regions as brain parenchyma, articular cartilage, the 
parenchyma of the liver, and lung and the nucleus pulposis. The 
density of small-fi ber distribution is not uniform throughout 
the tissue of the body, being greatest in the dermis and more scat-
tered in distribution through the visceral organs. There also appears 
to be some differential distribution of neupeptides within various 
regions of the body. The widespread and plentiful nature of these 
small-caliber primary afferent fi bers is a testament to their impor-
tant role in the maintenance of our health.

SMALL-FIBER ACTIVATION

Primary afferent nociceptors can respond to mechanical, heat, and 
chemical irritation. Several different forms of membrane-bound 
receptor mechanisms and ion channels are present and a variety of 
events can activate these fi bers (Table 15.1). However, not all PANs 
have the same constellation of receptors. Mechanical distortion 
of tissue can open ion channels of some PANs and initiate 

Figure 15-4 Primary afferent fi ber ending. Primary afferent noci-
ceptors are covered with a Schwann cell sheath containing little or 
no myelin. At the end of the fi ber, the sheath terminates to expose 
the naked end of the axon. The membrane of the axon has recep-
tors that can detect chemicals in the surrounding extracellular fl u-
ids. (Used with permission from the Willard/Carreiro collection.)
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PANS CONTRIBUTE TO A FEED-FORWARD 
ALLOSTATIC PROCESS INVOLVED IN SOMATIC 
DYSFUNCTION AND TISSUE REPAIR

When activated, certain PANS can secrete potent, proinfl ammatory 
neuropeptides that enhance the release of histamine, prostaglandins, 
and cytokines. A feed-forward loop is established, with the PANs 
releasing substances that ultimately provoke additional activity from 
the same fi ber. Importantly, this feedback loop has no established 
end point or set point. These types of reactions, rapidly fulminating, 
epitomize a process characterized by the term allostasis (Schulkin, 
2003a). In allostatic processes, rapid change in the tissue chemistry 
is protective and contributes to the long-term survival of the indi-
vidual. This is contrary to homeostasis, in which inhibitory feed-
back control establishes boundary parameters that oscillate around a 
defi ned set-point. Allostatic processes lack immediate boundaries or 
set-points; thus, this infl ammatory process can potentially run out of 
control and become a chronic issue. Eventually, the increasing sys-
temic levels of norepinephrine and glucocorticoids, due to long-loop 
inhibitory feedback systems, should aid in suppressing the infl am-
matory response. Acute exposure to an allostatic process can be very 
protective, creating an area of increased sensitivity to mechanical 
stimulation (allodynia), an increased response to a stimulus which is 
normally painful (hyperalgesia), and in initiating protective refl exes.

Most likely, the allostatic condition involving the release of 
alodynogens and the enhancement of the infl ammatory soup of 
chemicals in the tissue environment resulting in sensitization of the 

PANs epitomizes the conditions found in somatic dysfunction. The 
potentiated PANs would generate a condition of hyperalgesia and 
the surrounding infl ammatory cocktail would produce edema or a 
boggy, ropy texture to the tissues on palpation. Increased sensitivity 
to touch and tissue texture changes are two of the cardinal manifesta-
tions of somatic dysfunction (Denslow, 1975).

NERVE DAMAGE AND THE FEELINGS OF PAIN

Acute damage to a peripheral nerve fi ber is usually relatively painless 
and, when done experimentally, rarely produces more than a few sec-
onds of rapid axonal discharges. Acute damage to the dorsal root gan-
glion can produce long periods of excitation and rapid fi ring lasting 
5 to 25 minutes; thus, the ganglion is the most sensitive part of the 
nerve to compressive injury. However, acute compression of a chroni-
cally injured, infl amed nerve represents a different situation and will 
produce several minutes of repetitive fi ring; it has been suggested that 
this long-duration rapid fi ring is the basis for radicular pain (Howe 
et al., 1977). Injury to a nerve can facilitate sprouting from the periph-
eral terminal of fi bers within the nerve; this can be accompanied by 
the invasion of sympathetic axons into the dorsal root ganglion with 
inappropriate synapse formation and abnormal sprouting of axon ter-
minals in the dorsal horn (McLachlan et al., 1993; Amir and Devor, 
1996; Ramer and Bisby, 1997). All of these scenarios can contribute 
to the development of an intense chronic pain condition, termed neu-
ropathic pain, which is pain initiated or caused by a primary lesion of 
dysfunction in the nervous system (Merskey and Bogduk, 1994).

THE SPINAL CORD AND PAIN

When PANs become active, they transmit a signal to the dorsal 
horn of the spinal cord via their central process (Fig. 15.5). Vari-
ous cells, including both neurons and glia in the dorsal horn, are 
infl uenced by this sensory information. Interestingly, the response 
of the dorsal horn cells can outlast the activity of the PAN. The 
sustainability of this activity pattern among neurons in the dorsal 
horn represents central sensitization and is believed to be a major 
component of numerous pain syndromes. The interaction in the 
spinal cord of the central process of PANs from various regions in 
the body can substantially alter acute pain patterns (referral and 
association patterns), as well as states of chronic pain.

PANS TERMINATE IN THE DORSAL HORN OF 
THE SPINAL CORD

The central process of the PANs enters the spinal cord by 
coursing in the lateral aspect of the dorsal root entry zone, entering 

T A B L E  1 5 . 2

PAN Receptors and Their Activating Substances

PAN Receptor Class Activating Substances Examples Function

Ion-channels Heat; mechanical force Transient receptor potential 
channels (vanilloid receptors); 
proton-gated channels; 
sodium channels; potassium 
channels; calcium channels; 
serotonin (5-HT3) channels

Na++ and Ca++ influx into 
the axon

G-Proteins Bradykinin, Prostaglandin; 
Ednocannabinnoids

BK-1, BK-2, DP, EP, FP, IP, TP Initiate second messanger 
cascades in the axon

Cytokine receptors Growth factors and cytokines Trk-A, Trk-B, Trk-C, NT-4/5.
NT-3, IL-1RI, sIL-6R, TNFR1

Modify surrounding ion 
channel activity

T A B L E  1 5 . 3

The Alodynogens and their Receptors

Alodynogen Receptor Origin

Bradykinin BK1 and BK2 Plasma protein 
from liver

Histamine H1 Mast cells
Serotonin 5-HT2A Blood platelets
Prostaglandins DP, EP, FP, 

IP, TP
Vascular 
endothelial cells

ATP Purine Local cell rupture
Protons Vanilloid 

receptor (VR1)
Local cell rupture
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the dorsal most aspect of the dorsal horn and extending inward to 
terminate generally in laminae I, II, and V. Conversely low-
threshold, mechanoreceptive fi bers tend to terminate deep in 
laminae III through VI. The organization of the PANs in the 
dorsal horn is orderly, forming a somatotropic body map extend-
ing roughly from medial to lateral across the dorsal horn (Wilson 
and Kitchener, 1996); however, much overlap in receptor territories 
exist allowing for referral of activity patterns to associated regions 
of the somatotropic map.

PANs represent a heterogeneous population of fi bers; thus, not 
all PANs are the same in terms of anatomy and neurochemistry. 
Beyond the size difference seen between Ad-fi bers and C-fi bers, 
the C-fi bers divide into two groups: those that contain neuropep-
tides such as calcitonin gene–related peptide or substance-P and 
those that do not contain neuropeptides (Hunt and Rossi, 1985; 
Todd, 2006). The neuropeptide-containing fi bers seem to termi-
nate principally in laminae I, while the non–peptide-containing 
fi bers terminate in laminae II. This dichotomy of fi ber types and 
distributions suggests that differing aspects of nociception could 
be carried by specialized PANs; specifi cally, the peptidergic PANs 
terminating in lamina I are thought to be involved in localization, 
and the nonpeptidergic fi bers in lamina II are more associated with 
the affective nature of the pain (Braz et al., 2005).

DORSAL HORN NEURONS AND 
PAN CENTRAL SYNAPSES

The three anatomical types of dorsal horn neurons are 1) projec-
tion cells, 2) interneurons, and 3) propriospinal cells. Projection 
cells, the best studied of the three types, send their axons upstream 
in the ascending tracts to reach brainstem and thalamus. Local 
circuit interneurons confi ne their projections to the segment that 
their cell body is located within, while propriospinal cells represent 
a combination of the fi rst two types; their axons ramify in the spinal 
cord, interconnecting the various segments, but do not extend out 
of the spinal cord. Several different forms of projection cells exist 
in the spinal cord (Cervero, 2006); each form of these cells receives 
synaptic endings from the PANs. Projection cells in the superfi -
cial layer of the dorsal horn are relatively specifi c to PAN input 
and have been termed nociceptor-specifi c cells. The interaction 
of PANs with the superfi cial dorsal horn neurons is complicated 
and still not well understood (Graham et al., 2007). Projection 
cells located deep in the dorsal horn typically respond to a wide 
range of inputs, including Ab–fi bers, Ad–fi bers, and C-fi bers, and 
have therefore been termed wide-dynamic-range (WDR) neurons 
(Mendell, 1966). Although gentle mechanical stimulation can 

activate a WDR neuron; maximal response from these cells can 
only be obtained from noxious stimuli (Willis, 1979). Evidence 
does support the concept that our affective perception of pain is 
related to the activity of the WDR neuron, while our perception 
of the pain location may be due to the activity of the nociceptor-
specifi c cells (Mayer et al., 1975); however, these concepts remain a 
controversial area in perceptual neuroscience.

EXAMINATION OF A PAN CENTRAL SYNAPSE

Central Pan Synaptic Terminals Contain At Least 
Two Types of Neurotransmitters

The central process of the neuropeptide-containing PANs forms 
terminals on the dendrites of dorsal horn neurons. A closer look at 
the neurochemistry of these PAN synapses will help in understand-
ing the central sensitization of dorsal horn neurons. Neuropeptide-
containing PAN synaptic terminals produce excitatory amino 
acids, such as glutamate or aspartate, and neuropeptide neurotrans-
mitters, such as substance-P or calcitonin gene–related peptide 
(Basbaum, 1999). These transmitters are coreleased from the ter-
minal; however, while the amino acid is released during any suf-
fi cient depolarization of the ending, neuropeptide release requires 
more prolonged summation of depolarizations such as would occur 
during tonic discharges (Millan, 1999).

Excitatory Amino Acid
The most common excitatory amino acid (EAA) in the PAN cen-
tral terminal is glutamate. Release of glutamate activates the alpha-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) 
receptors on the postsynaptic surface. AMPA receptors are ion 
channels that allow sodium to enter the cell when open, as such 
these channels can cause a rapid depolarization of the postsynap-
tic process when activated. This type of transmission is relatively 
quick, involving milliseconds at most, and has thus been termed 
fast transmission. Most neurons in the dorsal horn express AMPA 
receptors on their membranes.

Neuropeptide
A specifi c population of PAN central terminals contain neuropep-
tides as well as excitatory amino acids. Upon release, these peptides 
diffuse onto receptors located on the postsynaptic membrane, but 
not necessarily in the synaptic cleft. Tonic or repeated activation 
of the PAN is required to cause enough peptide release to activate 
the peptide receptors. Thus, the time required to obtain adequate 
volume of peptide release, and the longer diffusion route to a more 

Figure 15-5 Activation of a PAN and the release of proin-
fl ammatory compounds into the surrounding tissue. Tissue 
irritation results in the release of proinfl ammatory compounds 
from the distal ends of some primary afferent nociceptors. 
Interactions with compounds from immune cells, mast cells, 
and platelets result in an infl ammatory soup that sensitizes 
the PAN leading to the increased release of neurotransmitters 
and neuromodulators in the dorsal horn of the spinal cord 
(used with permission from the Willard/Carreiro collection).
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distant receptor complex, combine to increase the time required for 
a response (Millan, 1999). When activated by attachment to the 
peptide, the peptide-receptor complex internalizes into the post-
synaptic neuron through a process of endocytosis (Mantyh et al., 
1995). Thus, the peptide is acting on the postsynaptic neuron in a 
way that is similar to some hormones in that it physically enters 
the postsynaptic cell to effect changes at the cytosolic and nuclear 
levels. Once across the cell membrane, the peptide-receptor com-
plex can act as an enzyme and initiate second-messenger cascades 
leading to the phosphorylation of the AMPA receptor as well as 
surrounding NMDA receptors. Phosphorylation of EAA receptors 
allows calcium ions to enter, thereby facilitating the activity of the 
dorsal horn neuron. This type of transmission requires seconds to 
minutes and has thus been termed slow transmission. The result 
of this cascade of events is a potentiation of the responsiveness of 
dorsal horn cells that contributes to central sensitization that is the 
response properties of these dorsal horn neurons undergo a left-
ward shift on the stimulus-response curve. Interestingly, excessive 
activation of the PANs can lead to the spread of neurons express-
ing receptors for SP in the dorsal horn (Abbadie et al., 1997); this 
change would also facilitate the response of the dorsal horn neu-
rons to afferent stimuli.

BEHAVIOR OF NOCICEPTIVE NEURONS IN 
THE DORSAL HORN

Transient Change in Dorsal Horn Circuitry—
Activity-Dependent Plasticity

Neurons in the dorsal horn demonstrate a plasticity in their 
response properties that is directly related to the afferent activity 
to which they are exposed (Abbadie et al., 1997). This type of plas-
ticity is characteristic of any biological system that is adaptive in 
nature. Through these plastic changes, afferent activity involving 
PANs can result in sensitization of the dorsal horn circuitry. These 
rapid changes in sensitivity represent a form of allostasis, similar 
to that already described in the periphery, and can be very protec-
tive in the short term. Numerous cellular mechanisms contribute 
to the plasticity of the dorsal horn system ( Ji et al., 2003). Initially, 
dorsal horn cells show a progressive increase in activity to a train of 
constant stimuli, an event termed wind-up, which will cease when 
the stimulus ceases. Prolonged exposure to the stimulus leads to the 
development of a classic form of central sensitization, where the 
heightened central neural response outlasts the end of the periph-
eral stimulus by tens of minutes. High-frequency PAN stimulation 
of dorsal horn neurons can result in a much longer lasting response 
termed long-term potentiation (LTP); in fact, the duration of the 
response exceeds that of most experimental studies. Other events 
contributing to the sensitization of the dorsal horn neuron include 
the activation of protein kinase enzymes. Within the postsynaptic 
neurons, protein kinase activation with subsequent phosphoryla-
tion events can lead to the induction of numerous genes; this form 
of sensitization is referred to as transcription dependent and can 
be very long lasting in nature. While the large projection neurons 
are undergoing an excitatory form of sensitization, their surround-
ing inhibitory neurons can also be changing their activity. Long-
term depression can occur in inhibitory interneurons located in the 
dorsal horn, resulting in reduced inhibition on the projection neu-
rons and thus, more information traveling upstream to the brain-
stem, thalamus, and cerebral cortex. Finally, two additional events 
can lead to a permanent form of sensitization: inhibitory cell loss 
(Scholz et al., 2005) and rearrangement of synaptic connections 
(Doubell et al., 1997; Abbadie et al., 1997).

Central Sensitization and Secondary Hyperalgesia

Sensitization of dorsal horn neurons can alter their response 
properties, typically shifting the response versus stimulus intensity 
curve to the left. An additional prominent feature of sensitization is 
the expansion of the neuron’s receptive fi eld. Expansion of the cell’s 
receptive fi eld outside the area of immediate injury will contrib-
ute to the formation of secondary hyperalgesia (Cook et al., 1987; 
Laird and Cervero, 1989; Hylden et al., 1989; Grubb et al., 1993; 
Koerber and Mirnics, 1996). That is, noninjured tissue contiguous 
with the primary site of injury will develop increased sensitivity to 
mechanical stimuli. In addition to receptive fi eld expansion, some 
dorsal horn neurons, particularly those driven by skeletal muscle 
afferent fi bers, can develop new and, in some cases, noncontiguous 
receptive fi elds (Mense, 1991).

Irritation of the noncontiguous receptor fi elds results in the 
sensation of pain in the area of primary and secondary hyperalge-
sia (Hoheisel et al., 1993; Mense and Simons, 2001). While the 
expansion of the receptive fi eld contributes to the phenomena of 
secondary hyperalgesia, the development of new, noncontiguous 
receptive fi elds could contribute to the expression of either tender 
points or trigger points.

Central Sensitization and Glial Cell Activation

The classic notion is that a neuronal synaptic chain extends from 
periphery to cerebral cortex representing the pathways for process-
ing nociception and generating the sensation of pain. However, 
recent evidence has forced a revisal of this concept to include other 
cells, such as glia, that can modify the information processing in 
the neuronal chain (Watkins et al., 2007). Glial cells form a matrix 
surrounding all dorsal horn neurons and central neurons in general. 
Multiple types of glia are present but the ones most associated with 
immune responses are the astrocytes and microglia. In the dorsal 
horn (and to date only in this region), these two glial cell types 
express receptors for substance-P. Interaction with SP can activate 
these two forms of glia. Activated glial cells release proinfl amma-
tory cytokines such as tumor necrosis factor-a and interleukins 1 
and 6. Although it is not clear at this time how proinfl ammatory 
cytokines work in the dorsal horn, it is certain that they contribute 
to increasing spinal facilitation and hyperalgesia. Activated glia also 
increase the production of NO and PGE2 in the dorsal horn; both 
substances are known to increase spinal facilitation and the resulting 
hyperalgesia; interestingly, these glial cells also increase the release 
of SP from the central terminals of the PANs, thus creating another 
feed-forward loop in the interoceptive system pathways. Neurons 
in the dorsal horn have been demonstrated to express receptors for 
proinfl ammatory cytokines and IL-1 is known to increase the infl ux 
of calcium ions through the NMDA receptor, also increasing spinal 
facilitation. Thus, multiple factors occurring within the dorsal horn 
are combining to create plastic changes in the dorsal horn neurons. 
Finally, glial cell–neuron interaction can explain the formation of 
mirror-image pain, that is, pain that occurs contralateral to injured 
tissue (Wieseler-Frank et al., 2005). Spinal cord glial cells are inter-
connected with each other by gap junctions, thereby constructing 
a large and complex syncytial matrix that extends across the mid-
line in the spinal cord. Blocking the spread of information through 
these glial gap junctions prevents the development of mirror-image 
pain in experimental models. From all of this, it is clear that glia cell 
activity in the dorsal horn can modify the processing of nociceptive 
information and increase the sensation of pain. While protective 
in the short term, this response has the potential to fulminate and 
become part of a chronic problem.
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Permanent Change in the Dorsal 
Horn Circuitry

All of the changes in dorsal horn circuitry discussed so far appear 
to be reversible; however, excessive PAN stimulation or peripheral 
nerve injury can also result in a permanent alteration in the dorsal 
horn. The smallest neurons in the dorsal horn, typically GABA-
ergic neurons, appear to undergo an apoptotic cell death follow-
ing excessive activation (Scholz et al., 2005). Loss of these neurons 
would diminish the inhibition in the spinal cord circuitry thus 
creating a more easily excited segment, possibly one that displays 
spontaneous activity. A second method of permanent change in the 
dorsal horn involves the sprouting of Ab-afferent fi bers following 
peripheral nerve injury (Neumann and Woolf, 1999). The normal 
distribution of the Ab-afferent fi bers is focused on the deeper lay-
ers of the dorsal horn. In animal models, following nerve injury, 
the terminals of the Ab-afferent fi bers can be seen in the superfi -
cial layers replacing sites occupied typically by PANs. Both of the 
above alterations in the dorsal horn circuitry would create perma-
nent change and could contribute to chronic pain scenarios.

DORSAL HORN INVOLVEMENT IN MODIFIED 
PAIN PRESENTATION PATTERNS

Dorsal Horn Alteration in Chronic Pain States

Normal plasticity in the dorsal horn circuitry is necessary to insure 
adequate warning information and protective refl exes during the 
healing process. To be protective, these changes have to occur rap-
idly; they typically involve numerous feed-forward events without 
an immediate set-point, thus fi tting the defi nition of an allostatic 
process (Schulkin, 2003a). However, excessive activation of the 
dorsal horn or inadequate control mechanisms (to be discussed 
below) can turn the normal plasticity into a pathologic response 
that leads to the development of a chronic pattern of abnormal neu-
ronal activity, underlying the onset of chronic pain in the patient. 
Adaptive changes that can become pathologic include the spread of 
neurons expressing receptors for SP (Abbadie et al., 1997), expan-
sion of dorsal horn neuron receptive fi elds, the loss of GABA-ergic 
inhibitory interneurons, and the sprouting of Ab-fi bers into the 
superfi cial layer of the dorsal horn. Thus, the chronic pain state can 
be considered as a failure of normal allostatic mechanisms leading 
to a pathological condition similar to other chronic stress-related 
diseases such as depression (Schulkin et al., 1994; McEwen, 2003), 
type 2 diabetes mellitus (Stumvoll et al., 2003), and cardiovascular 
disease (McEwen, 1998).

Clinical Expressions of Sensitization

Following the onset of central sensitization, the activity pattern of 
neurons in the dorsal horn is altered. Expanding receptive fi elds of 
dorsal horn neurons create a zone of increased sensitivity that sur-
rounds the initial injury site, which is termed secondary hyperalgesia. 
Many dorsal horn neurons have projections or at least collateral axons 
that terminate in the ventral horn. Sensitization of dorsal horn neu-
rons can then alter the activity patterns of the large ventral horn alpha 
motoneurons (Grigg et al., 1986; He et al., 1988). The ventral horn 
output can produce muscle spasms and, when prolonged, increased 
muscle tone and hyperrefl exia akin to that seen in spasticity

Convergence of Visceral and Somatic Input in 
the Dorsal Horn

Visceral afferent fi bers from thoracoabdominal and pelvic organs 
enter the spinal cord through the dorsal root and terminate in the 
lateral aspect of the deep dorsal horn (fi g. 15.6; also see Chap-
ter 9 on Somatic dysfunction, spinal fascilitation and visceroso-
matic integration). Visceral PAN input overlaps with much of 
the somatic PAN input and many cells in the dorsal horn can be 
driven by both visceral and somatic input (Sato et al., 1983; Sato, 
1995). Somatic input can sensitize dorsal horn neurons eliciting 
specifi c refl exes. Subsequent visceral input can activate the previ-
ously facilitated circuit, eliciting a similar pain pattern and some of 
the same refl exes. The reverse situation is also often seen clinically, 
as pointed out by Sir Henry Head many years ago (Head, 1920): 
that is, visceral input fi rst sensitizes the dorsal horn circuitry and 
subsequent somatic injury elicits the previous visceral pain pattern 
and associated refl exes (Henry and Montuschi, 1978).

Infl uence of Primary Afferent Fibers Along 
the Spinal Cord

As PANs enter the spinal cord through the dorsal root entry zone, 
they undergo a trifurcation (Fig. 15.7). One branch enters the dor-
sal horn at that segment, one branch ascends, and one descends 
along the dorsal margin of the dorsal horn in a bundle of fi bers 
termed Lissauer’s tract (Carpenter and Sutin, 1983). Older dia-
grams of PAN termination clearly indicated this branching pat-
tern (Ramon y Cajal, 1909), although it has been removed from 
most modern text for simplifi cation. The division of the PAN is 
important since it can result in the spreading of information up and 
down the spinal cord to reach distant segmental levels. How far this 
information can spread is not clear, cutaneous PANs spread out 

Figure 15-6 The convergence of PANs for 
cutaneous, deep somatic, and visceral sources 
on the WDR neurons in the dorsal horn of the 
spinal cord. Primary afferent fi bers from vis-
ceral, deep somatic, and cutaneous sources 
are shown converging on a WDR neuron in the 
dorsal horn of the spinal cord (used with per-
mission from the Willard/Carreiro collection).
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at least two to three segments, while visceral PANs have reported 
distributions involving greater than fi ve segments (Sugiura et al., 
1989); however, even greater distances are possible (Wall and 
Bennett, 1994).

The three-dimensional distribution of PAN information in 
the spinal cord allows for the interpretation of otherwise confusing 
pain patterns. For example, a patient could have an existing area of 
spinal facilitation in the midthoracic region consequent to an old 
process such as gall bladder disease. A recent revival of this old pain 
pattern, despite the prior removal of the gall bladder, could indi-
cate the new onset of another disease process such as myocardial 
ischemia or gastric ulcer. The visceral PANs from the myocardium 
or the stomach enter the spinal cord in the upper thoracic region; 
early in the disease processes their input may be present in lower 
thoracic segments due to segmental spread of afferent input, but 
below the threshold of detection by the patient. However, spread 
of low-grade neural activity in the caudal direction could easily 
activate the portion of the spinal cord originally sensitized by the 
remote history of gall bladder disease. The patient perceives the 
gall-bladder-associated pain pattern, however this time the etiol-
ogy of the nociception lies in the myocardium and not in the gall 
bladder. In general, the recent and otherwise unexplained revival 
of an old pain pattern should be considered the harbinger of new 
disease until proven otherwise.

The Dorsal Horn and Dorsal Root Refl exes

Normally, one thinks of the dorsal root as a strictly afferent sys-
tem carrying action potentials from the peripheral tissue into the 

spinal cord only; however, it is now known that under appropriate 
conditions, the dorsal root can act as an efferent pathway from 
the spinal cord; when this type of antidromic activity occurs in an 
intact sensory nerve it has been termed a dorsal root refl ex (Rees 
et al., 1994). Centrifugally conducted activity on dorsal rootlets has 
been known since the late nineteenth century but was not really in 
detail examined until the middle of the 20th century (Willis, 1999). 
Dorsal root refl exes can are present in both large myelinated and 
in small myelinated and unmyelinated fi bers (see Willis, 1999 for a 
discussion of the diffi culties in recording DRRs from the smallest 
fi bers); in this review, we will focus on those refl exes present in the 
small fi bers such as PANs. To trigger these refl exes in PANs, the ini-
tial input stimulus to the spinal cord has to be in the range required 
to activate the PANs (C-fi ber range). When such an afferent bar-
rage reaches the dorsal horn, a wave of depolarization, termed pri-
mary afferent depolarization (PAD), occurs and is spread outward 
for several segments up and down the spinal cord. Interestingly, 
dorsal horn depolarization is facilitated by central sensitization of 
dorsal horn neurons; thus, past experience can infl uence the magni-
tude of this depolarization event. When an area of the dorsal horn 
depolarizes, the central terminals of other primary afferent fi bers 
contained within this area also depolarize. This mechanism is most 
likely a spin-off event of presynaptic inhibition and is known to 
involve GABA-a receptors and GABA released by local interneu-
rons as well as being infl uenced by serotonin receptors (Peng et al., 
2001). Signifi cant depolarization of the central terminals of pri-
mary afferent fi bers can result in the generation of action potentials 
within these fi bers that move antidromically (outward) to invade the 
peripheral terminals of this PAN. The resulting antidromic output 
from the dorsal horn can be recorded as a compound action poten-
tial, termed dorsal root potential (DRP) on adjacent dorsal rootlets 
that have been truncated. In the peripheral terminals of these PANs, 
the antidromic action potentials act similar to those involved in a 
classic axon refl ex, that is they trigger the release of neuropeptides 
into the peripheral tissue (Fig. 15.8), thus either initiating or exac-
erbating an infl ammatory reaction. Antidromic activity over dorsal 
roots can occur both ipsilateral and contralateral to the input root 
(Rees et al., 1996). DRR have been demonstrated to play a signifi -
cant role in the spread of peripheral infl ammation (Lin et al., 1999). 
Finally, recent studies have revealed that DRRs can be enhanced by 
stimulation of the periaqueductal gray region of the midbrain (Peng 
et al., 2001); this fi nding has signifi cant implications with respect to 
the generation of diffuse pain patterns and will be reconsidered in 
the section on descending pain control mechanisms.

Figure 15-7 The trifurcation of primary afferent fi bers as they 
enter the spinal cord. This is a longitudinal view of the spinal cord 
taken through the upper portion of the dorsal horn. Primary affer-
ent fi bers are seen entering the vertically oriented tract of Lissauer 
from the left. Upon entry into the tract, these fi bers trifurcate giv-
ing a branch to the dorsal horn at the point of entry, an ascending 
branch to higher spinal levels, and a descending branch reaching 
lower spinal levels. (From Ranson SW and Clark SL. The Anatomy of 
the Nervous System: Its Development and Function. Philadelphia, 
PA: W.B. Saunders Comp., 1959; Figure 141.)

Figure 15-8 Comparison of an axon refl ex to a dorsal root refl ex. 
A. Diagram of an axon refl ex. B. Diagram of a dorsal root refl ex. 
Note that the dorsal root refl ex simply involves the conduction of 
an action potential to the spinal cord, depolarization of surrounding 
fi bers in the dorsal horn, and the conduction of an action poten-
tial out to the periphery on a depolarized sensory fi ber. (From 
Willis WD. Dorsal root potentials and dorsal root refl exes: a 
double-edged sword. Exp Brain Res 1999;124:395–421.)
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ASCENDING PATHWAYS FOR PAIN

The Anterolateral System in the Spinal Cord 
and Brainstem

Information from the neuronal activity in the dorsal horn is 
projected upstream to the brainstem and thalamus via dorsal horn 
neurons with long ascending axons (Fig. 15.9). These projection 
neurons arising mainly in laminae I, IV-V, and VII-VIII in the dor-
sal horn send their axons contralaterally to reach the anterior and 
lateral quadrant of the spinal cord (Dostrovsky and Craig, 2006). 
Most of these neurons represent either nociceptive-specifi c cells 
located in lamina I or wide-dynamic-range cells located in the 
deeper laminae of the dorsal horn. Axons from these neurons leave 
the dorsal horn to ascend diagonally, crossing the midline of the 
spinal cord in the anterior white commissure. The tract formed by 
these axons has been termed the anterolateral tract (ALS); within 
the ALS axons are arranged such that the cervical fi bers are posi-
tioned most medially and the sacral fi bers are most lateral. Also, 
anterior-lateral segregation of axons occurs within the tract such 
that the anterior portion of the ALS contains fi bers activated by 
light touch and the lateral portions of the ALS contain more of the 
pain and temperature responsive fi bers. Finally, based on target site, 
two basic components of the anterolateral tract can be identifi ed: 
the spinoreticular and spinothalamic tracts.

Spinoreticular Tracts

The spinoreticular fi bers arise from neurons located in the dor-
sal horn and terminate in nuclei of the medulla, pons, and mid-
brain. Specifi c sites targeted by the spinoreticular fi bers include the 

catecholamine cell groups (A1 to A7), subnucleus reticularis 
dorsalis, the ventrolateral medulla, the parabrachial nucleus, peri-
aqueductal gray, and the anterior pretectal area (Westlund, 2005; 
Dostrovsky and Craig, 2006). Since these areas are thought to reg-
ulate much of the descending brainstem-spinal cord projections, 
they therefore could play a signifi cant role in the modulation of 
pain. Of these two tracts in the anterolateral system, the spinore-
ticular appears to be the most important in regulating the arousal 
system of the brainstem.

Spinothalamic Tract

Axons from dorsal horn neurons that project to the thalamus form 
the spinothalamic tract; these axons are also embedded in the ALS 
system along with those projecting to the brainstem. In fact, many 
of the brainstem terminals can be collateral branches of the spi-
nothalamic fi bers. Spinothalamic axons located in the lateral most 
portion of the ALS tend to be most responsive to pain and ther-
mal stimuli. At the rostral end of the spinothalamic tract a division 
occurs; the larger fi bers in the tract remain laterally positioned to 
enter the thalamus, terminating in the vicinity of the ventropos-
terior and ventromedial nuclei, while the fi ner fi bers in the tract 
segregate and enter the medial thalamus and terminate in the intra-
laminar nuclei. This arrangement creates medial and lateral pain 
systems in the thalamus. Many of the ascending fi bers entering the 
medial thalamus appear to be of brainstem origin rather than spi-
nal cord origin. In general, the lateral pain system is thought to be 
a phylogenetically newer system involved with localization of the 
noxious stimulus, while the medial system is an older system more 
likely involved in arousal and affectation of event.

Thalamic Representation of Pain

Until this point in the chapter, we have been describing a noci-
ceptive system, a system that can generate a signal in response to 
tissue-damaging or potentially damaging energy. At the level of the 
thalamus a transition occurs, we are no longer describing a strictly 
nociceptive system but a system that can precipitate a feeling of 
pain and its associated emotions such as anxiety and depression. 
Neural activity below the thalamus can occur without perception 
resulting in refl exes as well as certain behaviors; however, the thala-
mus and cerebral cortex function as a unit and it is at the thal-
amocortical level that perception is initiated. While the spinal cord 
and brainstem can initiate primitive, withdrawal-type refl exes to 
nociceptive stimuli, the thalamocortical system is required to initi-
ate more elaborate evasive movements as well as the complicated 
psychological responses to painful situations.

The thalamus is a major target for ascending information from 
the spinal cord and brainstem to the cerebral cortex. Two pain sys-
tems, medial and lateral, can be identifi ed in the thalamus, sepa-
rated from each other anatomically and having differing functions 
(Dostrovsky, 2006; also see Fig. 15.10). Functional imaging has 
demonstrated that the thalamus is the site where active is most 
expected in the acute pain state (May, 2007).

Lateral Pain System

The spinothalamic tract (often termed the neospinothalamic tract) 
innervates laterally and ventrally positioned nuclei of the thalamus 
including the ventroposterior lateral nucleus, ventromedial nucleus, 
portions of the posterior nuclear group, and portions of the vent-
rolateral nucleus (Fig. 15.10). These structures rapidly relay infor-
mation to somatic sensory and insular cortex and play a role in 

Figure 15-9 Anterolateral system of the spinal cord. The entry of 
spinal nerves is shown on the left with their synapse on a dorsal horn 
neuron. The spinothalamic axons arise in the dorsal horn, decussate 
over the midline, and ascend to the brainstem and thalamus in the 
anterolateral tract, also termed spinothalamic tract. (From Larsell O. 
Anatomy of the Nervous System. New York, NY: Appleton-Century 
Crofts, Inc., 1942. Figure 205.)
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the localizing qualities and intensity of the pain perception. In one 
published case of a patient with a lesion involving the postcentral 
gyrus of the cerebral cortex (a signifi cant target of the lateral pain 
system of the thalamus), the individual lost the ability to accurately 
localize painful stimuli but retained the ability to experience the 
affective nature of the pain (Ploner et al., 1999).

Medial Pain System

The medial fi bers of the spinothalamic tract (often termed the 
paleospinothalmic fi bers) enter the thalamus medially (Fig. 15-10) 
to innervate the centromedian nucleus, centrolateral nucleus, dor-
somedial nucleus, nucleus submedius, and the intralaminar nuclei 
(Dostrovsky, 2006). In the hypothalamus, this system innervates 
the paraventricular nucleus. Included in this ascending system 
would be projections from lower brainstem areas that have them-
selves been innervated by the spinoreticular axons. These con-
nections form the medial pain system and primarily relay to the 
prefrontal cortex and anterior cingulate cortex, areas critical for the 
transformation of sensation to perception. The medial pain system 
is slower than its lateral counterpart and is more closely related to 
the affective and emotional nature of pain (Sewards and Sewards, 
2002). Damage, typically from vascular accidents, involving the lat-
eral and posterior thalamus appears to unmask spontaneous activ-
ity in the medial system. The unfortunate patient experiences an 
intense burning pain, usually in a limb, that is refractive to analge-
sics. This presentation is termed the thalamic pain syndrome or the 
syndrome of Dejerine-Roussy (Victor and Ropper, 2001).

The Cerebral Cortical Pain Matrix—From Sensation 
to Perception

Our understanding of the role of the forebrain in pain processing 
was limited to animal and electrophysiological studies until sophis-
ticated human brain imaging methodologies were refi ned and 
complex meta-analysis of study results performed (Apkarian et al., 
2005; Tracey and Mantyh, 2007). Appreciation of brain involve-
ment in pain perception was also slowed by the state of physiology 
at the turn of the century (Head and Holmes, 1911), which ques-
tioned the participation of the cortex in human pain perception. In 
fact, Ronald Melzack in the 1970s at one point even proclaimed 

that neuroscientists were “scooping out the brain” and ignoring the 
fact that a person could have, for example, a pain in their foot and 
not have a foot as illustrated with phantom limb pain (Melzack, 
1991).

Fortunately, there has been a fl ood of refi ned scientifi c data 
driven by recent technologies such as a positron emission PET scan, 
functional MRI, single-photon computed tomography (SPECT), 
magnetoencephalography MEG), and electroencephalography 
(EEG) studies that have visualized the brain processing nocicep-
tion (see Davis, 2005). These studies measure such factors as per-
fusion, metabolism, glucose, and oxygen utilization. We now have 
data to explain how a painful experience can occur in the forebrain 
without a concurrent primary nociceptive input in the peripheral 
nerve (Derbyshire et al., 2004; Eisenberger and Lieberman, 2004; 
Singer et al., 2004; Casey, 2004). The shift in mindset that consid-
ers pain that is unrelated to or out of proportion with the nocicep-
tive stimulus as being a disease state rather than a symptom has 
accelerated treatment paradigms. When examining a patient with 
a chronic pain pattern it is now necessary to consider the whole 
person and their environment rather than just the presenting signs 
and symptoms; this is an approach that is quite consistent with the 
Osteopathic Philosophy.

With the brain now available for direct examination, there has 
been a virtual revolution in accessing the role of forebrain struc-
tures in the formulation of a neural matrix used in the perception of 
pain (Tracey, 2005a; Tracey, 2005b). These data have emphasized 
the concept that facilitation, long known to occur in the spinal cord 
secondary to tissue injury, can also occur in the forebrain profoundly 
infl uencing our perception (Apkarian et al., 2005). In addition, it is 
now clear that both bottom-up and top-down processing occurs in 
pain perception, with the forebrain structure responding to signals 
from the spinal cord as well as providing descending modulatory 
information that can infl uence many ascending signals, all of which 
creates the complex sensory experience termed pain.

MRI has been particularly useful in identifying pathways 
and brain regions involved in encoding various aspects of the 
pain matrix (Tracey and Mantyh, 2007), thereby linking nocicep-
tion system to pain perception. The lateral-medial division seen 
in the thalamus is refl ected in the organization of the cerebrum, 
with the lateral component of the nociceptive pathway involved 
in pain localization and recording pain intensity, while the medial 
system is encodes an emotional-motivational component. This 
later system is further tempered by powerful escape and avoidance 
behaviors (Price, 2000), sculpting the biopsychosocial modulation 
of pain. Pain is a conscious perception and an emergent property of 
a complex neuromatrix through which the brain transforms a noci-
ceptive input into a disagreeable perception (Melzack, 1999; May, 
2007). Based on functional imaging studies, the areas involved with 
the pain matrix include the somatic sensory cortex, insula, anterior 
cingular cortex, prefrontal cortex, and amygdala (Fig. 15.11).

Cortical level activity does appear to be related to pain percep-
tion. Coghill and coworkers found a signifi cant correlation between 
the intensity of the patient’s feelings of pain and the amount of 
cortical activity detectable with functional imaging (Coghill 
et al., 2003). Specifi cally, the neural activity was present in somatic 
sensory cortex, anterior cingulated cortex, and prefrontal cortex. 
A similar correlation was not found in the thalamus suggesting that 
cortical level processing is closely tied to our perception of pain.

No one portion of the cortex can entirely account for the per-
ception of pain. Conversely, the perception emerges from simul-
taneous activity and the interaction of numerous cortical areas of 
this matrix (Chapman, 2005). Each of these areas will be discussed 
below. The behavioral responses elicited are shaped by previous 

Figure 15-10 The ascending nociceptive systems in the thalamus. 
A. This fi gure demonstrates the projection of spinothalamic axons 
to the ventroposterior (ventral caudal) and ventromedial nuclei of 
the lateral thalamus and their relationship with primary and second-
ary somatic sensory cortex and in the insular cortex. B. Other spi-
nothalamic and spinoreticulothalamic axons terminate in the central 
lateral and dorsomedial nuclei of the medial thalamus. Their cortical 
representation involves the cingulated cortex as well as the major 
somatic sensory areas.
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learning, stress levels, attention and arousal, memories, as well 
as cognitive, emotional, genetic, age-related, gender-related, and 
sociocultural factors. Pain is inherently unpleasant and associated 
with real or anticipated tissue damage; its presentation can be 
masked in a cloud of abnormal body function, chronic pain, and 
suffering. What has become very clear is that many factors infl u-
encing the pain experience are centrally mediated.

Recent studies raise the possibility that patients suffering from 
chronic pain scenarios may have undergone a signifi cant alteration 
in the base mechanism of brain function. In 2001, Raichle pro-
posed a Default Mode Network (DMN) as a means of understand-
ing the baseline activity of the cerebrum (Raichle et al., 2001). The 
DMN represents the resting state of connected activity in repre-
sentative cortical and subcortical structures. These structures show 
basal activity when the person is conscious and relaxed. The activity 
of the DMN is typically greatest at rest and decreases during cog-
nitive processing. Using f-MRI, Blood Oxygen Level Dependent 
(BOLD) analysis and functional connectivity MRI (fc-MRI), sig-
nal fl uctuations of various regions of interest and their temporal 
relationship are being explored.

DMN includes prominently the structures of posterior cingu-
late cortex (PCC) and ventral anterior cingulate cortex (ACC). In 
addition, the ventromedial prefrontal cortex (VMPFC) and the 
left inferior parietal cortex (LIPC) are involved. The ventral ACC 
is linked to limbic and subcortical structures of orbitofrontal cortex 
(OFC), nucleus accumbens, hypothalamus, and midbrain. These 
connections represent an emotional affective link in the brain. The 
PCC is mainly related to cortical structures suggesting a role in 
consciousness. These all show a decrease in activity on f-MRI, in 
healthy subjects, when they are asked to perform a simple task. At 
the same time, with task performance, attention, and cognition, 
there is an increase in activity in the ventrolateral prefrontal cortex 
(VLPFC) and in the dorsolateral prefrontal cortex (DLPFC). The 
lateral prefrontal regions include the OFC, left DLPFC, bilateral 
IPC, left inferolateral temporal cortex, and the left parahippocam-
pal gyrus (PHG) (Greicius et al., 2003).

Chialvo has confi rmed with f-MRI the DMN activity at rest 
in healthy subjects reveals an equilibrium that shows a decrease 
in activity when they are asked to pay attention or perform a task 

(Baliki et al., 2008). However, in chronic back pain subjects, the 
DMN activity does not reduce when the subjects are asked to per-
form simple tasks (Baliki et al., 2008). Those with pain were able 
to perform the tasks as well as the healthy subjects, but they used 
their brains differently. This effect was greatest among the patients 
who had been in pain for the longest period of time. Though the 
study group was small, it suggests functional reorganization of the 
brain, altered patterns of brain activity and a possibly irreversibility 
of these patterns in patients with chronic pain.

Somatic Sensory Cortex (SCC)

The somatic sensory portion of the cerebral cortex is divided into 
two major regions—SI and SII (Fig. 15.12). SI is located on the 
post central gyrus and receives input from the ventroposterior 
thalamic nuclei, while SII is positioned at the base of the post-
central gyrus wrapping over the operculum and reaching into the 
posterior insula lobe and receives input from the ventroposterior 
inferior nucleus, a small thalamic nucleus closely related to the VP 
complex (Friedman and Murray, 1986). SI has a high-fi delity rep-
resentation of the contralateral body, while SII contains a less well-
defi ned representation of the body bilaterally (Millan, 1999; Casey 
and Tran, 2006). Although considerable question has existed in the 
older literature as to how much if any nociception is represented in 
the somatic sensory cortex, recent function mapping studies have 
shed much light on this situation (reviewed in Aziz et al., 2000). SI 
appears to be involved in the localization-discrimination of a pain-
ful stimulus. At least one carefully documented case of a parietal 
stroke involving SI in a human diminished the patient’s ability to 
localize a painful stimulus but left him with a strong unpleasant 
feel induced by the stimulus (Ploner et al., 1999).

Visceral sensory information is also represented on the surface 
of the parietal cortex. Visceral afferent fi bers from the thoracic and 
upper lumbar spinal cord ascend in the dorsal columns to reach the 
ventral and medial thalamic nuclei, from which they are relayed to 
both SI and SII cortex. Although SI can be activated by some nox-
ious visceral stimuli, SII appears to function as primary cortex for 
visceral information (Aziz et al., 2000). From SII, connections are 
established with the anterior cingulated cortex and the insular cor-
tex. Ramping up the delivery of visceral noxious stimuli will result 

Figure 15-12 Areas I and II of the somatic sensory cortex. (Used 
with permission from the Willard/Carreiro collection.)

Figure 15-11 The pain Neuromatrix. Numerous regions of the 
cerebral cortex are interconnected and function to process nocice-
ptive information. From this matrix emerges our complex feelings of 
pain. (Used with permission from the Willard/Carreiro collection.)
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in the spread of the activation outward from SII into the region of 
the anterior cingulate and insular areas. Thus, SII has been depicted 
as a gateway into the paralimbic regions of cortex. The differential 
processing between visceral and somatic nociceptive stimuli at the 
cortical level may underlie the difference in feeling that character-
izes visceral and somatic pains (Aziz et al., 2000).

Insular Cortex (IC)

Located in the depths of the lateral sulcus, between the frontopa-
rietal cortex above and the temporal cortex below (Fig. 15.13), the 
insula is a major area in the pain cortical pain matrix (Hofbauer 
et al., 2001). This region of cortex receives thalamic projections 
from the ventromedial nucleus and posterior nuclei (Friedman and 
Murray, 1986), areas that are innervated by the spinothalamic tract 
(reviewed in Craig, 2002). The insula also receives cortical projec-
tions from adjacent somatic sensory areas. In primates, SI and SII 
project to the rostral and caudal portions of the insula (Friedman 
and Murray, 1986). The same regions of insular cortex that receive 
pain-related projections feed this information into the limbic fore-
brain, including such structures as the hypothalamus, amygdala, 
anterior cingulate cortex, and medial prefrontal cortex (Augustine, 
1996; Jasmin et al., 2004). Finally, the insula also has descending 
projections to the brainstem through which it exerts control over 
the autonomic nervous system ( Jasmin et al., 2004) as well as appar-
ently regulating the descending pain control systems. The insular 
cortex activity is anatomically heterogeneous (M.-M. Mesulam 
and E. J. Mufson. Insula of the old world monkey. I: architectonics 
in the insulo- orbito-temporal component of the paralimbic brain. 
J.Comp.Neurol. 212:1-22, 1982.) and processing in its posterior 
portion may be more related to sensory aspects of pain. The ante-
rior IC is anatomically more continuous with PFC and as a result 
it may be more important in emotional, cognitive, and memory-
related aspects of pain perception. Recent studies have documented 
the presence of opioids such as dynorphin and enkephalin in the 
insular cortex and suggested a role for these opioid systems in the 
generation of cortically mediated analgesia (Evans et al., 2006)

One possible interpretation of this neurological arrangement 
is that the insula, working through the autonomic nervous system, 
helps to orchestrate physiological response to pain, including pain 
control or enhancement depending on the situation (Craig, 2002). 
Interestingly, disruption of the deep white matter at the caudal 
border of the insula can produce an intense central pain, similar 

in quality to thalamic pain; an event termed pseudothalamic 
pain syndrome (Schmahmann and Leifer, 1992). Conversely, a 
tumor compressing the posterior aspect of the insula altered tac-
tile perception and the perception of mechanical and thermal 
pain by raising pain thresholds (Greenspan and Winfi eld, 1992). 
Finally, damage to the insula or disconnection of the somatic sen-
sory areas of parietal cortex from the insula has been proposed 
as the mechanism for the presentation of asymbolia for pain 
(Geschwind, 1965). In asymbolia, patients can localize the pain-
ful stimulus but do not experience the normal emotional or affec-
tive nature of the pain. In this state, it is proposed that the link 
between the somatic sensory system and the limbic system has been 
interrupted.

Besides interoceptive (somatic and visceral) input, the insula 
also is the target of olfactory, gustatory, and vestibular information 
(Shipley and Geinisman, 1984). Recent studies suggest that the 
anterior insular cortex plays a signifi cant role in forming a short-
term memory of an acute pain (Albanese et al., 2007) and possibly 
integrating the response into a balanced homeostatic mechanism. 
Thus, the insula could be pooling a wide range of information and 
passing it on to the limbic system as well as regulating autonomic 
response patterns (May, 2007).

Anterior Cingulate Cortex (ACC)

A common feature of almost all studies using functional imaging to 
examine the cerebral processing of pain is the engagement of ante-
rior cingulated cortex. The ACC is traditionally considered part of 
the limbic system and, as such, is located on the medial aspect of 
the cerebral hemisphere, wrapped around the genu of the corpus 
callosum (Fig. 15.14). A major afferent contribution to the anterior 
cingulate cortex arises in the dorsomedial nucleus of the thalamus 
and constitutes a signifi cant portion of the medial pain system. 
Other contributions arise in the intralaminar nuclei of the thalamus 
and, as such, also involve the medial thalamic pain system.

Activation of ACC has been repeatedly reported in PET stud-
ies of somatic or visceral pain and linked to the emotional response 
to pain (Rosen et al., 1994; Hsieh et al., 1996). Lesions of the ACC 
do not destroy the ability to perceive acute pain or reduce pain 

Figure 15-13 The insular cortex. (Used with permission from the 
Willard/Carreiro collection.)

Figure 15-14 The cingulate cortex and the amygdale. (Used with 
permission from the Willard/Carreiro collection.)
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related behaviors; however, they do blunt the affective nature of the 
pain (Rainville et al., 1997; Johansen et al., 2001; May, 2007).

The anterior cingulate cortex is also associated with the antici-
patory emotional aspects of pain (Sewards and Sewards, 2002; 
Wager et al., 2004). Anticipation can be a particular problem for 
patients with chronic pain because such patients are already in 
varying degrees of distress. Researchers have used imaging tech-
niques to characterize brain activation related to the intensity of 
expected pain and experienced pain, fi nding that pain-related brain 
activation overlapped partially with expectation-related activation 
in regions including anterior insula and the anterior cingulate cor-
tex (Koyama et al., 2005). The ACC is not only involved in the 
actual perception of pain but also in imagined pain experience and 
in the (empathic) observation of another human receiving a painful 
stimulus (Devinsky et al., 1995). When expected pain decreased, 
activation in this portion of the cerebral cortex also diminished.

The relationship between activity in the ACC and our antici-
pation and expectation of pain feelings is very strong. Anticipation 
and expectation have a powerful infl uence on our eventual per-
ception of pain. Directing attention away from a painful stimu-
lus is known to reduce the perceived pain intensity and results 
in decreased activation of ACC subregions responsive to painful 
stimulation (Petrovic et al., 2000; Frankenstein et al., 2001). The 
placebo response in pain seems to be mediated, at least in part, 
by the ACC (Wager et al., 2004; Rainville and Duncan, 2006) as 
does the response to hypnosis (Faymonville et al., 2003; Derbyshire 
et al., 2004) and numerous other pain distracting techniques dis-
cussed in chapter 16.

Pain can be learned through the conditioned process of oper-
ant learning, possibly involving processing in the ACC. In some 
instances, for example, individuals might receive positive reinforce-
ment for the expressions of pain. In studies of patients with chronic 
back pain who were given a painful electrical stimulation, those 
with a “solicitous” spouse present had an exacerbated pain response 
compared with those in the company of a nonsolicitous spouse. 
Imaging showed that the brain of patients with a solicitous spouse 
had increased activity in the ACC (Hampton, 2005).

Anticipation of pain can lead to the development of avoidance 
pain behaviors (Fordyce, 2009). These behavioral patterns repre-
sent powerful refl exive activity initiated in an attempt to minimize 
or avoid triggering a painful pattern. These behaviors can also be 
learned and are fairly automatic and not always in the patient’s con-
scious awareness. The anticipation of pain can cause patients to avoid 
movement, tense the muscles, or move completely differently—
disrupting mechanisms for posture and balance. These biomechani-
cal  imbalances may affect dynamic function, increase energy 
expen diture, alter proprioception, change joint structure, impede 
neurovascular function, and alter metabolism. Osteopathic manipu-
lative techniques could be employed to not only restore posture and 
function but to also reduce fear of movement and the experience of 
anticipatory pain.

Prefrontal Cortex (PC)

It has been known since the early 1990s that pain is represented in 
multiple areas of the cerebral cortex and that these areas included 
portions of the prefrontal cortex (Talbot et al., 1991). In humans, 
the prefrontal cortex is formed by the very prominent rostral pole of 
the frontal lobe (Fig. 15.15). This region of cortex receives exten-
sive afferent projections from the medial thalamus including the 
rostral portion of the large dorsomedial nucleus; however, unlike 
the other regions of the cortical pain matrix, the prefrontal cor-
tex does not receive input from any portion of a thalamic nucleus 

known to receive ascending nociceptive information. Instead, the 
prefrontal cortex is activated in response to nociceptive stimuli 
via other regions in the cortical pain matrix such as the ACC 
(Bushnell and Apkarian, 2006; also see Fig. 15.11).

The prefrontal cortex can be divided into two major regions 
(Parent, 1996). The prefrontal cortex proper, usually termed dor-
solateral prefrontal cortex (DLPFC) represents the convex surface 
of the frontal lobe. The second region is the orbitofrontal prefron-
tal cortex (OFC) involving the inferior or orbital surface and the 
medial (mesal) surface of the frontal lobe. In most functional MR 
imaging studies, the use of the term OFC also includes the anterior 
region of the cingulated cortex (ACC) as well.

The prefrontal cortex is activated in some but not all studies of 
brain representation of nociceptive events; in addition, when pre-
frontal cortex does demonstrate neuronal activity it is not neces-
sarily proportional to the intensity of the painful stimulus (Coghill 
et al., 1999; reviewed in Bushnell and Apkarian, 2006). The dor-
solateral portion of PFC is thought to be involved with executive 
functions and appears to play a signifi cant role in the attentive and 
cognitive aspect of pain (Lorenz et al., 2003). The distinction in 
functional activity between the OFC and ACC is still not clear 
in the literature; however, it has been suggested that the strong 
affective-motivational character of pain develops from activity to 
this region (Treede et al., 1999) and that the ACC specifi cally is 
involved in the unpleasantness of some painful stimuli, while the 
orbitofrontal cortex, with its massive limbic system connections, 
may process some of the secondary effects of pain such as emo-
tional feelings and suffering.

Although the precise role of the DLPFC in the forebrain pain 
matrix is not known at this time, there is a strong suggestion that it 
is intimately involved in regulating our perception of pain. Consis-
tent with this concept is the observation that, in a paradigm using 
a thermal probe to sensitize skin, increased activity in the DLPFC 
correlated with suppression of activity in the medial thalamus and 
midbrain (Lorenz et al., 2003). This phenomenon suggests that 
given the proper conditions, the DLPFC can initiate a source of 
descending inhibition on the ascending nociceptive pathways.

Figure 15-15 The prefrontal cortex. The darker red and blue 
stripes represent the precentral and postcentral gyri, respectively. 
(Artwork by Rachel Milner; used with permission from the Willard/
Carreiro collection.)
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A signifi cant problem encountered when attempting to assign 
specifi c pain processing functions to anatomically defi ned regions 
of the prefrontal cortex relates to the alteration in cortical activity 
patterns with temporal sequence (acute vs. chronic). In a recent 
metastudy reviewing published functional imaging studies of acute 
and chronic pain patients, it was concluded that the thalamic-
somatic sensory cortical pathways leading to activation of the insu-
lar cortex and ACC are strongly involved in acute pain patients, 
whereas in chronic pain patients these same pathways appeared 
somewhat reduced in activity; conversely in these latter patients, 
the DLPFC area imaged with increased activity (Apkarian et al., 
2005). The shift in brain activity between acute and chronic pain 
states strongly suggests a plasticity exists in the forebrain process-
ing and that the chronic pain state is a pathology representing 
uncontrolled or dysregulated activity in certain forebrain areas.

The role of the DLPFC in the pathology of long-term pain 
states is further suggested by the observation that a signifi cant 
alteration in brain chemistry (Grachev et al., 2000) and an accom-
panying loss of neural tissue (Apkarian et al., 2004) occur in this 
region in patients suffering from various forms of chronic pain 
(Obermann et al., 2009). The loss in gray matter from the DLPFC 
was related to the duration of the chronic pain scenario, thereby 
suggesting some type of fulminating process. Since the loss of 
gray matter volume has been seen in numerous different forms of 
chronic pain (May, 2008), it therefore does not appear related to 
the origin of the pain, but rather to its chronicity.

Interestingly, since studies have shown that the DLPFC is 
not directly involved in recording the intensity, quality, or loca-
tion of pain, it may play a more general role in our attending, or 
not attending to pain. This concept would fi t well with the gener-
ally accepted role of the DLPFC in working memory, controlling 
our attention to stimuli, and weighting our decision on whether 
or not to act on neuronal information processed in other regions 
of cerebral cortex. Recent studies have pointed to the DLPFC as 
playing a signifi cant role in our attention to painful stimuli (Lorenz 
et al., 2003). The amount of activity imaged in the midbrain and 
thalamus—representing ascending information—triggered by a 
noxious stimulus was inversely proportional to the activity imaged 
in the DLPFC. In essence, it is suggested that this region of the 
prefrontal cortex functions to modulate activity in the ascending 
pathways and therefore the amount of pain that we may feel. Thus, 
pathological mechanisms occurring in DLPFC could manifest as 
increased activity in cortical pain matrix even in the absence of 
noxious peripheral stimuli. In such a situation, a patient could be 
feeling signifi cant amounts of pain even though there is no obvious 
peripheral source for the pain.

Like the dorsolateral PFC, the ventrolateral PFC does not 
receive direct input for regions of thalamus responding to spinotha-
lamic tract activity. Therefore it also relies of activation to nocice-
ptive stimuli via other cortical areas. Functional imaging studies 
have provided data linking the activity of VLPFC to descending 
pain modulation systems in the brainstem (reviewed in Wiech 
et al., 2008). Recent evidence has tied VLPFC to pain modulation 
consequent to specifi c religious beliefs. This context-dependent 
pain modulation specifi cally involved the right (nondominant) 
VLPFC and engaged the ventral midbrain suggesting the initia-
tion of activity in the descending pain modulation systems to create 
increased tolerance to painful stimuli (Wiech et al., 2008).

All of these observations taken together strongly suggest that 
the PFC plays a major role in determining our attention to a pain-
ful stimulus as well as our ability to modulate the intensity of our 
feelings of pain. The importance of these observations in develop-
ing a sound strategy for pain management in chronic pain patients 

and of getting the patient to accept the treatment strategy cannot 
be over stated. Total lack of confi dence in the strategy and obses-
sion over the pain state can initiate a downward spiral that results 
in pain management failure as well as magnifi cation of the per-
ceived pain on the part of the patient.

Amygdala

The amygdala is located on the medial aspect of the temporal 
lobe, forming a prominent enlargement termed the uncus, which 
is visible externally (Fig. 15.14). The amygdala receives numerous 
projections from most associative portions of the cerebral cortex—
particularly the orbitofrontal cortex—as well as a set of subcortical 
projections from the parabrachial region of the pontomesencephalic 
border of the brainstem termed the spino-parabrachio-amygdaloid 
pathway ( Jasmin et al., 2004). Intensely painful stimuli, acting 
through the spino-parabrachio-amygdaloid pathway, exert a strong 
drive on portions of the amygdala (Neugebauer and Li, 2002). This 
aspect of the medial temporal lobe is well known for its ability to 
facilitate (a form of central sensitization), and through this process 
to form memories of fear-provoking stimuli (Schafe and LeDoux, 
2004). Efferent fi bers from the amygdala provide a strong drive on 
hypothalamic and brainstem areas involved in control of the sym-
pathetic-adrenal system. In this manner, the amygdala is capable of 
initiating a strong arousal response to a painful stimulus, or to the 
threat of a painful stimulus (Gauriau and Bernard, 2002).

Some of the input to the amygdala is subcortical in nature—that 
is, it passes from the posterior thalamus to the amygdala without 
cortical processing. This mechanism provides a possible explanation 
for patients who, having been exposed to a traumatic event at some 
earlier point in their life, later experience strong emotional arousal 
over seemingly inconsequential stimuli. This type of presentation 
would resemble that seen in posttraumatic stress disorder or PTSD. 
The initial traumatic event or events facilitated areas in the medial 
temporal lobe. Subsequently, innocuous stimuli that might only tan-
gentially be related to the initial event can now evoke a major pro-
tective response from the amygdala. Given its plasticity, it is possible 
that the amygdala is a junction point between chronic pain states 
and those of depression and anxiety along (McEwen, 2005) with 
the concomitant physiological responses (Neugebauer et al., 2004).

Cerebellum and Basal Ganglia

Functional imaging of an individual exposed to various pain states 
has frequently demonstrated the involvement of the cerebellum 
and basal ganglia in the central processing nociceptive information 
(Bingel et al., 2004; Bushnell and Apkarian, 2006). The cerebellum 
arises mostly from the pontine portion of the brainstem. The cere-
bellum is often seen to contain neural activity in pain imaging stud-
ies of pain states (Saab and Willis, 2003). Nociceptive events have 
also been demonstrated to alter neuronal activity in the cerebel-
lar vermis and portions of the hemispheres. Descending pathways 
from the deep cerebellar nuclei reach several brainstem locations 
that contribute to the control of nociceptive activity. Nociceptive-
related cerebellar activity could relate to the coordination of motor 
programs necessary to control the individual’s pain-related move-
ments. The cerebellum is very clearly involved in learning and 
memory related to the motor system, and recent studies have sug-
gested that the cerebellum can control large areas of the cerebral 
cortex, extending much beyond pure motor function (Fiez, 1996; 
Barinaga, 1996). Supporting this contention is the observation that 
patients suffering cerebellar damage can present with cognitive 
and behavioral defi cits as well as the expected ataxic movements 
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(Schmahmann and Sherman, 1998; Schmahmann, 2004). Thus, it 
is possible that the cerebellar activity evoked by pain is involved in 
cognitive learning processes.

The basal ganglia are located in the deep white matter of the 
cerebrum and have well-described connections with much of the 
cerebral cortex (Parent, 1996). This collection of nuclei represents 
an integral part of a recurrent pathway linking various regions of 
the cerebral cortex. Like the cerebellum, the basal ganglia func-
tion to regulate the output of the cerebral cortex. A fairly con-
sistent fi nding in most broad-based functional imaging studies is 
the involvement of the putamen, a portion of the basal ganglia, 
in the processing of nociceptive information. As a functional unit, 
the basal ganglia is known to exert inhibitory infl uences on the 
thalamocortical circuitry; thus in processing nociceptive input, 
the basal ganglia may be modulating the amount of activity in the 
medial thalamocortical circuits that are critical to the perception 
of pain (reviewed in Chudler and Dong, 1995). In support of this 
concept are the observations that diseases of the basal ganglia can 
interfere with pain thresholds and pain sensitivity.

The Pain Matrix

Our current understanding of supraspinal pain mechanisms based 
on recent neuroimaging studies and meta-analyses shows a noci-
ceptive system, from primary afferents through the cerebral cortex, 
strongly modulated by the interactions of ascending and descend-
ing pathway (Head and Holmes, 1911; May, 2007). At the level 
of the forebrain, it has become apparent that no one region in the 
cerebrum is responsible for our feelings of pain, instead a complex 
network of reciprocally interconnected regions of the cerebrum 
respond to noxious stimuli. Our feelings and emotions related to 
pain are an emergent property of this distributed neural network, 
termed the pain matrix (Ingvar, 1999; Fig. 15.16). Three separate 
but interconnected systems for generating the emergent feelings of 
pain have been defi ned in this distributed network:

1. A sensory-discrimative system that codes pain location and 
intensity

2. An affective-motivational system that encodes the suffering 
associated with the feelings of pain.

3. A cognitive-behavioral system that encodes our conscious behav-
ior to a painful stimulus or to an ongoing painful experience.

The somatosensory cortices on the postcentral gyrus are involved in 
encoding intensity, temporal and spatial aspects of nociception and 
thereby functions mainly in the sensory-discrimative zone. Con-
versely, the anterior cingulate cortex plays a role in the affective-emo-
tional component, as well as in pain-related anxiety and attention. 
The insula, through its interaction with the autonomic nervous sys-
tem, appears to be mediating both affective-motivational and sensory-
discriminative aspects of pain perception. The prefrontal cortex, 

while not having intensity-coding properties, devotes signifi cant 
amount of processing to the cognitive and emotional introspections 
and planning strategies underlying efforts to cope with the pain. 
Finally, the amygdala has emerged as the junction point for anxiety 
and depression, the negative aspects of pain, sensitizing to past pains 
and coloring out reception of future painful stimuli.

Pain perception is now clearly distinguished from nociception 
by the signifi cant engagement of brain regions critical to sensory, 
affective, and evaluative assessments (Turk et al., 1993; Jerome, 
1993). These areas involve:

1. Selectively reviewing all information at the onset of pain.
2. Retaining various aspects of the information to be analyzed and 

organized into meaningful patterns (i.e., “pain matrix”).
3. Comparing this noxious stimulus information to pain informa-

tion already catalogued in short- and long-term memory.
4. Transmitting recognized pain patterns to specifi c brain appraisal 

systems, including those responsible for attaching affect and 
meaning to the experience; and those responsible for translating 
the pain experience into behaviors, musculoskeletal reactions, 
and problem solving routines.

5. Selecting and executing various problem-solving strategies in 
an effort to adapt and cope with pain.

These pain strategies both infl uence and are infl uenced by the 
patient’s neuromusculoskeletal environment.

The Endogenous Pain Control Systems

In response to injury, our body can suppress the transmission of 
nocieptive information through the spinal cord thus facilitating 
our ability to focus on escape and survival.  Then, when safe to 
do so, reverse the situation by enhancing nociceptive transmission 
thereby facilitating protective guarding of the injured structure.  To 
accomplish this control, our brain has the ability to modulate activ-
ity in the spinal cord, regulating the amount of information that is 
allowed to rise to consciousness. Descending pathways of brain-
stem origin and involving such neurotransmitters as serotonin and 
norepinephrine among others perform modulation of the dorsal 
horn and spinal trigeminal nucleus (Mayer and Price, 1976; Fields 
and Basbaum, 1978); as such these pathways form an endogenous 
and powerful antinociceptive system (Basbaum and Fields, 1978). 
Ascending nociceptive information reaches areas in the medulla, 
rostral pons, and midbrain; in turn these areas can initiate a complex 
descending pain control system capable of signifi cantly modifying 
signal transmission in the dorsal horn. This descending system is 
named for its major nuclei in the brain stem: the periaqueductal 
gray-rostral medulla- dorsal horn (PAG-RM-DH) system.

This PAG-RM-DH system is under dynamic top-down 
modulation by brain mechanisms that are associated with antici-
pation and other cognitive and affective factors. When activated, 
the descending brainstem pain control systems can dampen pain 
sensation and inhibit behavior reactions typically evoked by noci-
ception (Fields et al., 2006). This type of pain suppression can per-
mit the use of an injured body part on an emergency basis. Such 
events are reported in combat situation as well as in competitive 
athletic events and other high-stakes crisis situations. In this way, 
the endogenous pain control system can represent a very adaptive 
behavior.

In addition to its descending control, the PAG-RM-DH sys-
tem is also capable of enhancing our sensitivity to pain, an event 
that can also be protective in some situations (Fields et al., 2006). 
By promoting activities that limit aggravation of the painful 
area, through immobilization or other protective measures, these 

Figure 15-16 The pain neuromatrix takes nociceptive input from 
the spinal cord (or trigeminal system) and converts into a feeling 
associated with emotions. (Used with permission from the Willard/
Carreiro collection.)
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systems may have a positive effect on healing. Therefore, enhancing 
the neurotransmission of nociception and the associated perception 
of pain may serve an adaptive role. Unfortunately, an extended 
period of pain facilitation or diminished pain inhibition may no 
longer be serving an obvious adaptive function and infact creating 
excess suffering.

A second, descending pain control system has been identifi ed 
(reviewed in Le Bars, 2002). Unlike the PAG-RM-DH system, 
when this second system is activated by primary afferent fi ber dis-
charge, it provides a diffuse blanket of inhibition over the entire 
spinal cord, with the exception of the segment that is stimulated. 
This second system is termed Diffuse Noxious Inhibitory Con-
trols (DNIC). Once DNIC has been initiated, a second nocicep-
tive stimulus at a distance in the body from the fi rst is blunted 
in its affect on the spinal cord. The neural pathways utilized in 
DNIC are separate from those of the PAG-RM-DH and involve 
the subnucleus reticularis dorsalis in the medulla. However, like 
the PAG-RM-DH system, DNIC is modulated by multiple 
supraspinal mechanisms. DNIC has been demonstrated in humans 
and appears to have similar effects in males than females (France 
and Suchowiecki, 1999), despite the fact that men generally have 
a higher threshold for pain than women. In women, DNIC was 
demonstrated to vary somewhat during the menstrual cycle, being 
most effective during the ovulatory phase (Tousignant-Lafl amme 
and Marchand, 2009).

The observation that at least some of the pain modulation 
system can facilitate nociceptive transmission as well as inhibit it 
at the spinal or trigeminal level, coupled with the knowledge that 
multiple forebrain areas, especially those long felt to be located in 
the limbic system, exert a strong regulation over these pathways, 
gives rise to some very intriguing possibilities. Complex supraspinal 
networks, infl uenced by emotions and hormones, could be respon-
sible for enhancing as well as suppressing our feeling of pain from 
a noxious stimulus. Thus, the social and psychological context of 
the injury along with the degree of anticipation and anxiety as well 
as the individual’s past experience with similar or related stimuli 
and their current body physiology may have a lot to do with that 
individual ultimate responds to a noxious stimulus.

Finally, it is important to note that what has been described 
as “descending endogenous pain control pathways” may be only a 
specifi c function of a much more broad-based system controlling 
numerous aspects of the spinal cord. It has been long known that 
areas in the brainstem, closely related to those involved in pain 
modulation, control the functions of the spinal components of 
the autonomic nervous system as well as the activity of motoneu-
rons in the ventral horns (reviewed in Mason, 2005). Thus, the 
so-described pain control system may be an integral component 
of a larger brainstem system controlling spinal facilitation in 
general.

Pain Perception

There is a signifi cant distinction between nociception and pain 
perception. Nociception occurs at the peripheral nerve, spinal 
cord, and brainstem level. It facilitates spinal cord and brainstem 
circuits, triggering refl exes and unconscious adaptive behavior. 
Conversely, pain perception begins with the activation of thal-
amocortical circuitry. The initial stages of pain perception most 
likely involve the primary and secondary somatic sensory corti-
cal areas, but then rapidly spread outward on the pain matrix to 
engage numerous other regions such as the insula, anterior cingu-
lar, amygdale, and prefrontal cortex as previously described. The 
perception of pain is a construct (Chapman, 2005) that emerges 

from the sum total of activity in this matrix and not a specifi c prop-
erty of anyone region. The brain scans a pain threat or the poten-
tially painful event for recognizable patterns in an effort to attach 
meaning and emotions and to generate strategies to problem solve. 
Each component of the cortical pain matrix provides aspects of the 
physiological, emotional, and cognitive response. The native activ-
ity in each of these cortical regions is strongly colored by the sum 
total of previous experience, such as past pains, emotional events—
in essence—the baggage of life. It follows then that experience of a 
given pain and the subsequent emotional reactions that it generates 
may differ signifi cantly between individuals.

At this point, it is important to distinguish between what is 
termed acute pain and the more ominous state termed chronic 
pain. Acute pain, also termed physiological pain or eudynia (good 
pain) occurs when a noxious stimulus is present. Peripheral nerve 
and central systems in the spinal cord, brainstem, and forebrain 
can sensitize and ramp-up activity, but acute pain will remit with 
the natural course of tissue repair. In contrast, chronic pain, also 
termed surgical pain or maldynia (bad pain) is pain that is still 
present 3 to 6 months following the expected natural healing of the 
injured tissue. In this way, chronic pain represents dysregulation in 
the normal sensitization systems either at a peripheral nerve, spinal 
cord, brainstem or forebrain level. From these observations, two 
signifi cant conclusions can be made. First, chronic pain is a pathol-
ogy representing altered neuronal activity—such as neuronal cell 
death—in multiple areas including possibly prefrontal cortex, more 
so than simply prolonged nociceptive activity triggered by periph-
eral generators. Second, the longer patients are exposed to chronic 
pain, the more sensitization mechanisms are stressed and falter 
leading to greater pain scenarios. Clinically, this means that the 
longer patients experience chronic pain patterns, they more intense 
these patterns will become and the harder it will be to ameliorate 
these pain syndromes.

Pain Behaviors and Problem-Solving Processes

Problem solving implies that humans have the capacity to iden-
tify and incorporate potentially useful stimuli, to translate and 
transform the information received from the stimuli into mean-
ingful patterns, and to use these patterns in forming an optimal 
response. As the individual thinks about the factors surrounding a 
painful or damaging event, reasoning and learning are taking place. 
The individual quickly learns to anticipate damaging events and 
makes adjustments to optimize their chances for adaptation, new 
learning, and long-term survival (Sanders, 2002). Historically, the 
basic need to successfully anticipate and avoid potential tissue-
damaging events has set the stage for considerable complex think-
ing and innovative problem solving. Humans have evolved to 
become quite good at anticipating, avoiding, or minimizing pain. 
When these skills are augmented with the ability to create symbols 
for communication, and to share language, reasoning, and abstract 
thinking, the result is the capacity for minimizing tissue damage 
and avoiding persistent pain and new learning.

Persistent pain, as has been documented, can lead to spi-
nal cord excitability, brain reorganization, and self-perpetuating 
neuronal activity. The psychosocial consequences include anxiety, 
depression, and a reduction in quality of life (Melzack, 1993). The 
osteopathic physician often sees a patient who continually seeks 
medical attention in search of any treatment that will either inter-
rupt the pain signal or help them manage the impact of the pain 
on their lifestyle. Without pain control, the patient suffers, and the 
suffering continues until the threat has passed. Pain and suffering 
form a dynamic-plastic system; dynamic in that the pain matrix 
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continually responds to nociception, and plastic in that it also 
continually changes as a result of nociception. The constant resyn-
thesis of pain information, coupled with the constant cognitive-
emotional appraisals, positions the individuals to either suffer or 
learn and adapt ( Jerome, 1993).

The philosophy of whole-person, health-oriented care that 
underwrites the Osteopathic profession provides a unique oppor-
tunity to help the patient suffering from chronic pain. Pain expres-
sion is closely tied to the condition of the musculoskeletal system 
and thereby acts as a bridge between the body and the mind. This 
bridge is a two-way street allowing the emergent activity in the 
mind to infl uence the physical condition of the musculoskeletal 
system as well.

Thoughts, Feeling, and Words

When nociception reaches the thalamocortical level and reaches 
consciousness as pain, thoughts, feelings and words are put to the 
event, conscious memories form, and behavior adaptations occur. 
Continuous nociception and activation of past pain memories 
encourage the assignment of words to pain experiences; lumping 
a large variety of pain experiences into pain beliefs that form the 
basis for future thoughts, feelings, behaviors and the problem-
solving strategies employed in response to the pain experience. 
Emotional appraisals of the pain become highly charged when the 
pain is perceived as having a signifi cant personal impact on func-
tion and quality of life. This becomes especially apparent when 
there is little or no understanding of the origin of the pain or of the 
future course of the pain.

The emotional appraisal process at the onset of pain begins 
with orienting and startle refl exes, and feelings of arousal, prepar-
ing the individual to engage in more focused attention. Further 
appraisal might determine that the noxious stimulus is not harm-
ing tissue but hurts, and this may cause some anxiety and irritabil-
ity. If the appraisal concludes that some harm is also occurring, 
one may develop a feeling of fear about the impact and mean-
ing of the pain. This process can lead to “catastrophizing” about 
horrible consequences coming from the pain situation (Sullivan 
et al., 2001; Turk and Monarch, 2002). Pain perception and corti-
cal activity can vary with the patient’s degree of vigilance or their 
perspective on pain, catastrophizing (Seminowicz and Davis, 
2006).

In either case, there is generalized musculoskeletal tension, 
autonomic arousal, and visceral and motor responses, such as those 
that would be called on to fi ght or fl ee. If a person is unable to take 
any action, they may feel anger and want to fi ght or sadness from a 
sense of loss of control because they can’t stop the pain or run from 
it. Over time, the loss of control and decline in personal mastery 
over the pain leads to depression.

If the pain extends beyond normal healing time, 3 to 6 months 
leading to the diagnosis of chronic pain (Merskey and Bogduk, 
1994), the patient makes further more global appraisals in an 
effort to understand the overall biopsychosocial effect of their pain 
on function and quality of life. Emotions attached to this global 
appraisal include shame, fostered by a sense that one has failed to 
reach social cultural standards for mastering and living with chronic 
pain; or guilt, fostered by a sense that one has transgressed per-
sonal, family, and/or group member’s expectations for adequately 
coping with pain. As a result of these ongoing cognitive-emotional 
appraisals, new behaviors are selected, more emotions are labeled 
and linked to painful musculoskeletal sensations, and the experi-
ence of pain and suffering reaches full expression, often through 
the musculoskeletal system.

Pain and Stress

The neural and endocrine linkage between the nociceptive system 
and the stress-response system is very strong (Schulkin, 2003a). 
Both systems operate on a feed-forward mechanism that is adaptive 
in nature. Neither the stress-response axis, nor the pain-response 
system has an established set-point around which it operates; thus, 
when activated, both are open-ended responses that meet the cur-
rent defi nition for an allostatic event (Schulkin, 2003a). Both sys-
tems offer mechanisms that are protective in the short term or acute 
response. Acute pain and acute stress are symptoms of a problem 
that has occurred and that typically will resolve. Both systems can 
become pathologic (disease) when prolonged. Chronic pain and 
chronic stress represent diseases that no longer are responding to 
a triggering stimulus but have taken on a life of their own in the 
patient.

Both the pain response system and the stress response sys-
tem have long-loop, slow feedback control system that attempt to 
reestablish the normal homeostatic rhythms of the body once the 
nociceptive event or the stressor remits. Destruction of these long-
loop control systems through excitotoxic pathologic mechanisms 
is known to occur. This breakdown in control results in an inabil-
ity to downregulate either the pain response or the stress response 
or both (Lee et al., 2002; Schulkin, 2003a; Schulkin, 2003b). In 
essence, both systems are stuck in the “on” position. In addition, 
long-term exposure to activity in either or both chronic pain and 
chronic stress system can result in the onset of depression. Indeed, 
there is strong crossover between each system. Patients with chronic 
pain chronically activate the stress response system, often resulting 
in the onset of depression, while those caught in a chronic stress 
response are more inclined to develop chronic pain as well (Magni 
et al., 1994).

Allostatic Mechanisms

Pain—and the stress it creates in the body and brain—is, in essence, 
an allostatic process infl uenced by a complex network (i.e., pain 
matrix) of cortical and subcortical brain structures. All levels of 
the nociceptive system are capable of an allostatic (feed-forward) 
response to noxious stimuli. At the level of PANs, peripheral sensi-
tization can occur, in a feed-forward process, enhancing the activity 
of the fi ber. In the spinal cord, central sensitization occurs, again in 
a feed-forward process, creating regions of segmental facilitation. 
Similar facilitation also occurs, again using feed-forward mecha-
nisms, in the forebrain areas such as the amygdala. At this level, 
emotional experiences surrounding the painful event can facili-
tate amygdaloid activity, resulting in enhanced fear memories and 
increased drive on the neuroendocrine systems of the hypothalamus 
and midbrain. These systems increase the production and release 
of norepinephrine and cortisol resulting in an enhanced protective 
response to arousal-provoking stimuli such as pain. While such a 
response may be highly protective in the short-term situation, long-
term exposure to allostatic mechanisms is known to be pathologic 
to numerous body systems thus predisposing one to physiological 
dysregulation (Chapman et al., 2008) as well as to such psychologi-
cal states as depression and anxiety. Viewed in this light, chronic 
pain is the end product or disease that occurs in the nociceptive 
system when a normal allostatic response such as acute pain exceeds 
its control systems and becomes fi xed in a pathologic state.

Keen understanding of pain from the peripheral generation of 
a nociceptive signal to its conversion into a painful feeling in the 
forebrain is necessary to provide a framework for managing somatic 
dysfunction. The person in pain is more than a biologic event; he or 
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she is a thinking, feeling individual capable of sophisticated prob-
lem solving. Such a person, when confronted with chronic pain, 
actively seeks information, makes decisions, and attempts to put 
forth their best effort possible in adapting to the painful condition. 
Osteopathic treatment is aimed at taking the patient beyond the 
symptom of pain by exploring and treating factors in the patient’s 
life that appropriately modifi ed will facilitate recovery, prevent the 
reoccurrence of chronic pain, and improve their health and inher-
ent recuperative and restorative powers.
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Chronic Pain Management
MITCHELL L. ELKISS AND JOHN A. JEROME

INTRODUCTION

The National Institute of Health describes pain as a leading public 
health problem affecting more than 75 million Americans, more than 
the number of people with diabetes, heart disease, and cancer com-
bined (1). This translates into 70 million health care visits a year, mak-
ing pain a leading cause for health care utilization (2). In a large study 
of primary care practices, 50% of patients regularly reported experienc-
ing pain and associated dysfunction. Health care utilization for chronic 
pain patients is fi ve times that of those without chronic pain (3).

In the evaluation and management of patients with chronic 
pain, osteopathic medicine offers a particularly illustrative example 
of its unique diagnostic and therapeutic potential. The principles 
that have defi ned osteopathic philosophy and practices can be read-
ily recognized as central to the process of diagnosis and treatment 
of patients with chronic pain.

In osteopathic medicine, the emphasis is placed on evaluating, 
not just the painful region of the patient, but the “person who is in 
pain”; taking into consideration the general health of their body, 
their relations with family and close associates, as well as their 
cultural background. In this manner, the pain syndrome is seen 
as nested in ever-expanding circles of infl uence. Each element in 
this nested array represents a diagnostic vector capable of affecting 
other elements, at every other level (Fig. 16.1).

Chronic pain management has been formally studied only 
since the late 20th century. In that time, we have come to under-
stand profound infl uence that noxious peripheral stimuli can have 
on the musculoskeletal, immune, and endocrine systems as well 
as the central nervous system (CNS). In the spinal cord, brain-
stem and forebrain regions, synaptic organization and function can 
change rapidly, in response to acute nociceptive input (4). Such 
changes can range from the molecular, to the gross, structural lev-
els, involving alterations in gene expression and protein synthesis. 
These immediate responses can be transient or long term, and, 
unfortunately, given the right circumstances, can become perma-
nent. Certainly, one of the most profound fi ndings in the recent 
research on pain is the dynamic or plastic nature of this beast 
and its pervasive infl uence on body physiology and behavior (5). 

16
K E Y  C O N C E P T S

■ Pain is an unpleasant sensory and emotional experience. Acute pain is a symptom; chronic pain is a disease.
■ The pain neuromatrix is nested in the central nervous system, where modulation, transmission, and transduction 

of noxious stimulation occur.
■ The musculoskeletal, immune, neurologic, and endocrine (MINE) systems interact as one “supersystem” 

in response to nociception.
■ Body unity and structure/function interrelationships guide osteopathic thinking regarding chronic pain management.
■ Stress dysregulates the MINE supersystem, predisposing one to chronic pain.
■ Chronic pain results from a sustained loss of a system’s ability to function normally with regard to its own 

self-regulation and/or its normal regulatory role interacting with other systems.
■ Osteopathic assessment of chronic pain is dynamic, patient focused, and comprehensive.
■ Osteopathic pain management integrates the five models as the standard of care for pain management.

Therefore, it is important to keep in mind, when evaluating a 
patient in pain, that the process is dynamic and may rapidly evolve 
in catastrophic directions.

Detailed and repeated examinations are required to monitor 
the situation. Treatment protocols must have both a strong evi-
dence-based grounding and the confi dence of the patient in order 
to succeed (6). Finally, the irony involved in evaluating a patient 
in pain is that for the patient this is a fi rst-person subjective expe-
rience, strongly colored by prior experience, that the physician is 
attempting to convert into a third-person investigation, for the 
purpose of diagnosis and the design of an appropriate treatment 
and management regimen.

Pain is an unpleasant sensory and emotional experience. In 1982, 
the subcommittee on Taxonomy of the International Association 
for the Study of Pain (IASP) redefi ned pain by integrating both 
physiological and psychological components. This defi nition was 
published in Pain (IASP) (7) as well as in the Proceedings of the 3rd 
World Congress on Pain (8).

Pain: An unpleasant sensory and emotional experience associ-
ated with actual or potential tissue damage, or described in terms 
of such damage.

Note: Pain is always subjective. Each individual learns the applica-
tion of the word through experiences related to injury in early life. 
Pain is the experience that we associate with actual or potential 
tissue damage. It is always unpleasant and therefore an emotional 
experience. Many people report pain in the absence of tissue 
damage or any pathophysiological cause; usually, this happens 
for psychological reasons. This defi nition avoids tying pain to 
the stimulus. Activity induced in the nocioceptor and nociocep-
tive pathways by noxious stimulus is not pain, which is always a 
psychological state.

The following policy statement on pain was adopted by the 
American Osteopathic Association’s House of Delegates in 1997 
and reviewed in 2002 and 2005. Chronic pain means “a pain state 
in which the cause of the pain cannot be removed or otherwise 
defi nitively treated and which in the generally accepted course of 
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heart may often be inconsolable”). Suffering is associated with 
activity in specifi c brain regions. It, too, is under the infl uence of 
ascending and descending infl uences. It is a feeling. This feeling is 
part of a greater pain experience. It frequently leads to pain behav-
iors. Often, it is this suffering that is the primary concern driving a 
patient to seek health care.

Acute pain is a symptom. Acute pain is usually associated with 
a well-defi ned biological cause and a rapid onset that alerts you 
to the possibility of tissue damage. It usually vanishes as healing 
occurs. Acute pain follows an injury to the body and implies a nat-
ural healing process of short duration. It is only expected to persist 
as long as the tissue pathology itself. Acute pain is often, but not 
always, associated with objective physical signs of:

■ Increased cardiac rate
■ Increased systolic and diastolic blood pressure
■ Increased pupil diameter
■ Striated muscle tension
■ Decreased gut motility
■ Decreased salivary fl ow
■ Decreased superfi cial capillary fl ow
■ Fear and/or anxiety
■ Releases of glycogen, adrenaline, and noradrenaline

These are collectively understood as the alarm response and 
the secondary stages of resistance/healing that can lead to recov-
ery. These changes in nociceptive activity have been assumed to be 
roughly proportional to the intensity of a noxious stimulus. The 
enormous biologic value of acute pain is to promote a rapid orienta-
tion to the noxious stimulus, and, to promote reactions to minimize 
or escape the damage being done by the noxious stimulus. Some pain 
fosters rest, protection, and care of the injured area during healing, 
thereby promoting recuperation. In other situations, acute pain can 
be suppressed temporarily in the service of a greater circumstance. 
These examples can be seen on the battlefi eld, the athletic fi eld, and 
in emergency, crisis situations as anyone might experience (11).

The overall behavioral signs of acute pain are agitation and the 
emerging fl ight-or-fi ght reaction. Patients with acute pain are anx-
ious about the pain’s intensity, meaning, and impact on themselves 
and their lifestyles (12). This is rapidly followed by the resistance 
phase during which the organism resists a compromise of homeo-
stasis. Through allostatic actions of the integrated musculoskeletal 
(M), immune (I), neural (N), and endocrine (E) systems, the per-
son is led toward recovery.

Unfortunately, and rather often, pain persists after initial heal-
ing. It may persist after all conventional medical treatments and 
drugs have been tried to little or no avail. A constant barrage of 
erratic nociceptive impulses into the brain provides no new or useful 
information, but the adverse signal continues to reach consciousness. 
As an example, a patient with a failed back surgery 2 years postop-
eratively does not need to experience pain every time he moves his 
spine to remind him that he has scar tissue, adhesions, and functional 
changes in the structure of his back. Since he is no longer in the acute 
healing phase, the information provided by this type of repetitive 
noxious stimulation may lead to central sensitization, with musculo-
skeletal, immunologic, neurologic, endocrinologic disturbances, and 
abnormalities of regional cerebral blood fl ow (13) and metabolism.

Chronic pain is a disease that can affect both the structure and 
the function of the CNS (14). Pain patients imaged with functional 
magnetic resonance imaging (f-MRI), positron emission tomog-
raphy (PET), single-photon emission computed tomography 
(SPECT), and magnetoencephalography (MEG) have revealed 
changes in neural processing that differentiates chronic pain from 
acute pain (15–17).

medical practice, no relief or cure of the cause of the pain is possible 
or none has been found after reasonable efforts” (9,10). Osteopathic 
physicians recognize a duty and a responsibility to treat patients 
suffering from chronic pain. Certainly, the differences between 
acute pain and chronic pain represent qualitatively different 
experiences for both patient and clinician.

In this chapter, we learned that nociception is related to the 
process of detecting real or potential tissue damage. Specialized 
A-delta and C fi bers (nociceptors) respond to a variety of nox-
ious stimuli. They convert the chemical, mechanical, or thermal 
stimuli into altered neuronal activity. This is largely transmitted to 
the dorsal horn in segment derived, organized, receptive patterns. 
The nociceptor responses themselves are affected by local chemical 
and neural activity. In their normal state, they respond to energies 
capable of damaging cells. In abnormal states, they can demon-
strate altered response characteristics associated with hyperalgesia 
and painful responses to noninjurious stimuli, known as allodynia. 
Nociception can be disrupted or enhanced by descending modula-
tion from the brain and brainstem. In chronic pain, there is a bias 
toward greater nociceptive facilitation and less inhibition.

Pain is the response to nociception. When the system is healthy, 
it represents nociceptor-driven activity in the spinal cord and brain. 
When the system is not healthy, it may represent impaired func-
tion of the peripheral nervous system (PNS) or CNS. Pain may be 
experienced even when there is no noxious stimulus (i.e., phantom 
limb pain) (11).

Therefore, pain is a perception. This perception is part of a 
greater pain experience.

Suffering is a negative affective experience and response to 
pain. It is seen in association with pain and other psychic states (i.e., 
“a broken bone can cause pain… while the suffering of a broken 

Figure 16-1 The nested spheres of infl uence on the pain syndrome.
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the amygdala and then to the brainstem. From the brainstem, 
projections can be ascending and descending. The descending pro-
jections can inhibit and disinhibit the activities in the spinal cord 
and lower brain stem and in this way contribute to primary and 
secondary hyperalgesia.

The medial nociceptive system has been associated with general 
arousal, emotional, autonomic, motor responses, leading the drive 
to end the painful problem. Here, then, afferent sensory informa-
tion is linked to efferent autonomic and gross motor actions of 
defense and avoidance. This activity may be studied with objective 
measures of chemical levels, neural activity, and gross behaviors.

The cognitive evaluation occurs in view of past experience, 
memory, and expectation and is cortically and subcortically medi-
ated. The way a person feels and thinks about their pain condi-
tion actually can affect the way they process and cope with pain. 
Cognitive elements promote modulation of the medial and lateral 
ascending nociceptive systems and provide a connection to the 
conscious experience.

The endogenous opioid system is richly represented at all levels of 
the neuraxis involved in pain processing. It is part of the parallel 
distributed and integrated endogenous system for relieving pain. 
It is part of the medicine chest to which A.T. Still referred. It, 
however, can be inadequate in states of chronic pain. Ironically, 
the long-term use of exogenous opioids, usually from the doctor, 
can inhibit the body’s capacity to respond to pain. The chronic-
ity of pain is associated with structural and functional changes at 
multiple levels of the neuraxis (4). It can involve changes in excit-
ability, lowered thresholds and higher gain in the system, changes 
in receptors, channel-mediated changes, and second messenger 
effects, transduction and translational effects at the cellular level, 
and changes in synaptic effi cacy (14). This form of LTP is part of 
the neural basis for learning, known as plasticity. Plasticity means 
that the nervous system has the capacity to change its structure 
in response to environmental demands (28,29). Maladaptive plas-
ticity (4,30) at several levels of the nervous system is the biology 
behind the continuation of pain long after the original offending 
event has passed, depriving pain of its functional role of protection, 
withdrawal, adaptation, and functional recovery (4,31,32). Plastic-
ity can also be infl uenced by and can certainly infl uence the devel-
opment of depression and anxiety (27,39).

When pain results in the activation of peripheral nociceptive 
afferents, there is tremendous activity in the brain. It is clear that 
pain perception requires a brain. “No brain, no pain.” Proceeding 
from the peripheral receptive fi elds associated with the pain, there 
is an activation of limbic, autonomic, brainstem, and spinal cord 
networks of modulation (33–36).

Parallel neural networks of processing pain information are 
responsible for the pain behaviors resulting from the peripheral 
activation of nociceptors (12,38). These parallel networks are 
always represented in some ratio to each other. The ratio varies as 
the symptoms of acute pain become the disease of chronic pain (37).

Finally, it is important for the osteopathic physician to recog-
nize that a systems network understanding of chronic pain would 
not be complete without consideration of the structural/functional 
interactions of the musculoskeletal, immune, neurologic, and endo-
crine (MINE) systems in response to nociception. The MINE sys-
tems interact as one “supersystem” in response to nociception.

Chapman talks about a system of “reciprocal, neural, endocrine, 
and immune interactions” (36) in the human response to pain and 
stress. In this, he posits a coherent model of interacting systems 
with global and local features. From there, complex pain behaviors 
emerge as immune (I), neurologic (N), and endocrine (E) inter-
actions (i.e., INE system). Chapman’s comprehensive, systematic 

In patients with irritable bowel syndrome (18) with chronic 
pain, there is cortical thinning, and cell loss in the anterior cin-
gulate cortex and anterior insula. Similar changes are also seen in 
chronic tension headache (22) and chronic back pain (4). In addi-
tion, effects are seen on thalamic and prefrontal gray matter density, 
as well as on ascending and descending pain-modulating pathways 
(19). In the fi bromyalgia syndrome, there is an altered sensitivity to 
stimulation, with sensitization in pain-related neural activity (20). 
In migraine sufferers, there has been a reported thickening of the 
somatosensory cortex (21).

It is also reasonable to consider that a person’s inherent struc-
tural/functional neural capacity may predispose them to the 
development of chronic pain. Genetically determined or acquired 
disturbances in the neural circuitry affecting neurotransmitter pro-
duction and metabolism, receptor morphology and function, ion 
channel structure and function, disturbances of the neurons, their 
cell bodies and metabolism, their axons, their transmission proper-
ties, their structure and function, the tracts in which they run, the 
nuclei that they form, and their neuronal/glial interactions, all help 
create a pain neuromatrix.

The pain neuromatrix is nested in the CNS, where modulation, 
transmission, and transduction of noxious stimulation occur. At the 
basic biochemical level, when noxious stimulation of muscle affer-
ent C fi bers is prolonged and persistent, excitatory amino acid and 
neurotransmitters are released in greater amounts and for longer 
periods (23), the resulting activation of N-methyl-d-aspartate 
(NMDA) receptors and the release of substance P, both centrally 
and peripherally, lead to hyperexcitability of PNS and CNS neu-
rons with expansion of the size of the painful area beyond the origi-
nal site of damage. This peripheral and central sensitization, the 
enlargement of peripheral pain receptor fi elds (24), allows noxious 
sensations to be experienced as more painful (hyperalgesia) (25) 
and even non-noxious sensations as painful (allodynia).

Primary hyperalgesia occurs at the site of tissue damage as an 
increased sensitivity to heat or mechanical stimulation. This pri-
mary hyperalgesia is due to peripheral sensitization (26). That is 
one way in which a healthy peripheral nerve can be chronically 
activated at its periphery. For heat, it has been linked to sensiti-
zation of the peripheral terminals of the primary pain afferents 
(27). The primary afferent can also be sensitized by descending 
noradrenergic and serotonergic systems that work directly, in the 
spinal cord, on the primary afferent’s central terminals (presyn-
aptic) and on the segmental interneurons to increase their sensi-
tivity in chronic pain states. Secondary hyperalgesia occurs around 
the site of tissue damage, manifesting as an increased sensitivity 
to mechanical stimulation only. This secondary hyperalgesia is due 
to central sensitization. It is in this enlarged receptive fi eld that 
mechanical stimulation elicits abnormally increased responses from 
second-order afferents in the spinal cord to normal afferent input. 
It is, in part, NMDA receptor mediated. It appears to be related to 
increased synaptic effi cacy, which is molecularly similar to long-
term potentiation (LTP). This represents a form of intercellular 
learning. It, too, is subject to descending modulation of both inhib-
itory and excitatory infl uences.

The lateral system ascends to the lateral thalamus, synapses, and 
projects to the primary and secondary somatosensory cortex and 
the insular cortex. The insular cortex and claustrum appear to rep-
resent a site of major sensory modality convergence. It is largely 
associated with the discriminative aspects of stimulus quality, 
intensity, location, and duration.

The medial system projects to the brainstem and ultimately to 
the medial thalamus. It sends projections to the anterior cingu-
late cortex. The insular and anterior cingulate cortex project to 
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Many of the behavioral responses of the MINE system can 
be observed and measured. The behaviors occur at levels of scale, 
from the molecular to the cellular, to the whole human level. The 
responses represent both incoming information about the outer 
world and outward directed responses designed to meet and satisfy 
the needs and drives of that person to decrease their pain. The four 
individual systems that comprise the MINE system demonstrate 
feedback effects that can be both facilitating and inhibiting. They 
show connection, through their common shared receptors and 
their associated ligands. Neurotransmitters, peptides, hormones, 
cytokines, and endocannabinoids are the biochemical messengers, 
responsible for some of the interactive crosstalk between these four 
systems.

The fi nal pain effects of the MINE system interactions vary 
depending on where, when, and how they are expressed and rein-
forced by the environment. Pain inhibitory or excitatory systems 
and MINE feedback and feed-forward mechanisms are all at work. 
Though elements within each individual MINE system can be 
reduced to relatively simple observable physical/chemical activity, 
their coordinated interactive efforts create a more complex system 
of observable pain behaviors.

review of the immune-neural-endocrine systems as they respond 
to pain and stress is a clear elaboration of principles, which are 
characteristic of osteopathic medical thinking. This, then, joins 
the works of Denslow and Korr, as further demonstration of the 
underlying biologic, anatomic, and physiologic substrata of human 
functioning. When Chapman describes his INE system, he calls 
it a “nested system.” It provides a nest for the INE systems and is 
itself nested in a larger, more complex system. That is, it is nested, 
nurtured and nurturing, defended and defending a greater system. 
This greater system is the neuromusculoskeletal system whose 
activity is crucial to our survival. The neuromusculoskeletal sys-
tem “enables us to respond to, interact with, and even alter, the 
external environment. Through its activity, our needs are expressed 
and met. It is through the use of our neuromusculoskeletal system 
by which we defi ne our niche as a unique species on the planet” 
(ECOP, 2000).

The reciprocal interactions of these four systems—musculo-
skeletal (M), immune (I), neurologic (N), and endocrine (E)—as 
they interact in response to nociception form a MINE system that is 
continually adjusting to incoming information from both internal 
and external environments.
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Figure 16-2 MINE supersystem in 
response to noniceptive input.
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For example, measurements can be made of afferent nociceptive 
activity in primary afferent neurons, ascending secondary afferents, 
brainstem, subcortical and cortical neurons; hormone levels and 
endocrine activity; and immune system expression of cytokines. 
These are the simple activities. The fi ght or fl ight response, the 
endocrine aspect of stress response, and the infl ammatory reaction 
are examples of more complex pain behavior. Even more complex 
is the individual’s ability to recognize danger and avoid it and run 
or fi ght as needed. The ability to fi ght off infection, the ability to 
recover from abuse or trauma, or the capacity to suffer are repre-
sentative behaviors of even greater complexity. These coordinated 
complex whole-body behaviors are based upon simple principles 
occurring at every level of the system.

Dysregulation within the MINE system also has individual 
components that can be measured, modeled, and understood. The 
multitude of possible states and phases, for each of the four sys-
tems, from the level of the atomic, to the whole human, represent 
all the possibilities for healing or obstruction. “Remove all obstruc-
tion; and when it’s intelligently done, nature will kindly do the 
rest.” (A.T. Still)

The human pain system is thus characterized as dynamic. The 
dynamics of these systems are very sensitive to initial nociceptive 
conditions. That is, even though many parameters can be mea-
sured and monitored, in the face of apparent deterministic ana-
tomic, physiologic, and pathophysiologic principles, there is still 
an inherent unpredictability. Because there is such sensitivity to 
nociception, one must be able to account for and manage every 
circumstance at every scale, at every moment. This is obviously 
not possible with chronic pain. Furthermore, slight variations or 
perturbations in one or another system can result in exponential 
expression or change from that perturbation. Therefore, with noci-
ception, there is unpredictability. Pain behaviors in the patient 
often appear random, nonlinear, or chaotic; yet these behaviors 
are characteristic for dynamic systems. Complexity and emergence 
of chronic pain behaviors, in this complex pain system, is natural. 
Body unity and structure/function interrelationships guide osteopathic 
thinking regarding chronic pain management.

Each of the MINE subsidiary systems has an inherent capacity 
for self-regulation, self-learning, and health maintenance. Any of 
these subsidiary systems can also break down. Chronic pain, there-
fore, is likely an effect or consequence of system breakdowns or 
dysregulation.

Sometimes it is easy to understand why a patient might be 
hurting and other times it is less easy to explain how a particular set 
of circumstances might result in a patient’s unique pain expression 
and experience. Understanding this dynamic pain system’s extreme 
sensitivity to initial and/or prolonged nociceptive conditions 
makes it understandable that some people will become chronically 
painful (36).

The idea of holistic, interactive, nested systems, such as the 
MINE supersystem, is an idea consistent with osteopathic phi-
losophy. The MINE system has properties greater than the sum of 
its individual subsidiary systems. The MINE system explains how 
individuals are able to live and adapt, respond to, and survive stress-
ful pain situations and how they can mount a defensive response to 
a stressor/pain crisis, recover from that response, survive, and main-
tain health. The four systems themselves are interdependent, show 
reciprocity of structure and function, demonstrate self-regulation, 
and produce and maintain the necessary biologic products to sus-
tain their own continued existence. Homeostasis serves to regulate the 
internal resources ready to be called upon when stressed by pain. 
From a system’s analysis, homeostasis exists as an attractor, or basin 
of attraction within which the body maintains its internal milieu.

Allostasis is the set of adaptive reactions that help the individual 
maintain homeostasis in the face of any number of stressors. Pain, 
trauma, illness, aging, excess or defi ciency can all call forth a stress 
response. This is a mobilization of internal resources to meet stres-
sor challenges. First, there is an alarm response, which is accom-
panied by both immediate stressor resistance and a slower forming 
recovery response. In fact, a critical part of the recovery response is 
its ability to down-regulate the pain defensive response when the 
threat is over. This avoids overactivity of the defensive catabolic 
responses of active resistance and permits self-mediated recovery 
and return to anabolic conditions. The defensive response turns 
itself on, and then turns itself off, when it is appropriate. If the 
stressor prevails, exhaustion results. If the individual prevails, recov-
ery occurs. The range of an individual’s collective biopsychosocial 
responses, as well as their ability to tolerate pain intrusion and still 
maintain homeostasis, helps to defi ne their level of health.

Failure to self-manage pain symptoms might occur if the 
defensive response is inadequate or excessive. An inadequate or 
excessive recovery response is associated with clinical symptoms as 
seen in chronic pain, especially in the musculoskeletal system. The 
musculoskeletal system is ultimately involved in all pain processes and 
management.

One thing essential to understanding the MINE system is an 
appreciation of the musculoskeletal (M) system. The musculosk-
eletal system is particularly available for observation and palpa-
tory evaluation. It is the system within which the INE systems 
are nested. It executes the fl ight or the fi ght, and maneuvers in the 
external world to secure the necessary objects of sustenance, food, 
drink, breath, and through movement it allows seeking behaviors, 
interpersonal behaviors, and collectively communal behaviors. 
It, too, is built upon basic behaviors reiterated at cellular, tissue, 
and organism levels. This system, too, shows feedback, and feed-
forward mechanisms. The musculoskeletal system is interactive 
with the other systems, not only through a common chemical lan-
guage but also through a system of mechanical linkages that can be 
shown to have transduction, transmission, and response capability 
in effecting pain coping behaviors (39).

Mechanical transducers include muscle, tendon, ligament, 
bone, fascia, and fi broblast. The transmission occurs along planes of 
physical connection. The patterns of connection can be described as 
mechanical, anatomical, neurological, or biomolecular. The effects 
may include skeletal muscle behavior, whether segmental, regional, 
or global. They may be seen in coordinated and patterned motor 
system responses. They may be seen in the transformation of fi bro-
blasts to myofi broblasts when they are under mechanical stress (39). 
Similarly, the behavior of bone in response to stress loading is a 
dynamic process. Certainly, the musculoskeletal system is body 
wide in its presence and in its purpose. From the cytoskeleton to 
the integrins to the intercellular connective tissues, from the osteon 
to the bones, from the myofi bril to the muscle groups, from the 
local fascia to the entire body of fascia, there is reiteration in every 
scale. There is complexity and there is predictability in the muscu-
loskeletal system. It is a part of the body’s essential response to pain 
and stress. The musculoskeletal system interacts with the immune 
system, nervous system, and the endocrine system, not to mention, 
the respiratory, circulatory, digestive, and eliminative systems.

Stress dysregulates the MINE, predisposing one to chronic pain—
dysregulation in the MINE system’s ability to respond to stress, at 
any of its component sites, or its numerous interfaces compromises 
one’s overall ability to heal or recover from pain/stress. Whether 
from extraordinary stress, compounding comorbidities, confound-
ing social stressors, or intrinsic system vulnerability, nociception 
can create dysregulation and become chronic pain.
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cingulate cortex appears to represent convergent sites for affective 
(amygdala), motivational (LC), and primary sensory processing. 
Multiple sensory modalities are integrated and coordinated. Of 
course, the somatosensory cortex is activated. Descending infl u-
ences may be inhibitory or excitatory. The presence of inadequate 
inhibition or excessive excitation can explain a circumstance in 
which chronic pain may develop.

In the alarm response, a stage of defensive arousal, the hypo-
thalamus, amygdala (affective intensity), and PAG (pain modula-
tion) are engaged. They coordinate sensory input with emotional 
content and cognitive meaning with the goal of driving behaviors 
that favor survival. They are connected with higher-order cortical 
structures and lower-order brainstem and subcortical elements to 
foster learning and ultimate mastery.

The nervous system’s alarm response affects the endocrine sys-
tem via the HPA axis and the SAM axis. The nervous system also 
affects the immune system. The vagus nerve has an afferent role and 
an efferent role in mediating infl ammatory responses by modulat-
ing cytokine levels. The nervous system affects the musculoskeletal 
system. Acutely, in stress it shunts blood to the skeletal muscles and 
away from the viscera (sympathetic). In recovery, it shifts to a rest-
ing state, decreasing skeletal muscle shunting, and becomes more 
supportive of visceral, vegetative processes (parasympathetic).

The endocrine system is seen to respond to stress in fast defensive 
arousal and in the slower process of recovery. Hormone variably 
affects the nervous system. At the level of the LC, noradrenergic 
engagement occurs. Through the HPA, the hypothalamic periven-
tricular nucleus and the pituitary, adrenal effects are reinforced 
or restrained. Corticotrophin-releasing hormone (CRH), pro-
opiomelanocortin, as a precursor for adrenocorticotrophic hor-
mone, and glucocorticoids, are involved in a feedback-dependent 
response system. This affects adrenocortical behavior through glu-
cocorticoid (cortisol) release. The LC, noradrenergic axis, affects 
adrenomedullary behavior through release of epinephrine, norepi-
nephrine, and neuropeptide Y. Through the effects of CRH and 
its receptors CRH-1 and CRH-2, the endocrine system initiates 
defensive arousal and recovery, respectively. It affects the immune 
system through its effects on cytokines. HPA axis activation affects 
the cytokines differentially at times encouraging infl ammation, 
other times encouraging recovery and resolution of infl ammation. 
It affects the musculoskeletal system. Through an activated sympa-
thetic state of arousal, there is shunting of blood to the necessary 
fi ght or fl ight participants. This is the musculoskeletal system.

Other nested systems responding to stress include the visceral, arte-
rial, venous lymphatic, and respiratory/circulatory systems. These 
nested systems are also intra-active and interactive. The majority 
of their communication is via the holistic musculoskeletal, circula-
tory, and nervous systems. They share many of the same properties 
and demonstrate similar feedback and feed-forward modulation. 
The feed-forward aspect allows the ability to mount a rapidly 
accelerating and amplifi ed response when needed. The feedback 
aspect is part of a process of deceleration that helps control the 
acute defensive reactions and prevent their excesses. Excesses or 
defi ciencies, in positive and negative feedback, create the poten-
tial for dysregulation. These dysregulatory mechanisms can also be 
related to the problem of chronic pain. This can occur when the 
fast immediate arousal state does not yield to the slow response 
recovery phase, or when the response to the stressor fails to readjust 
to the normal level after the stress has passed. Hypervigilance and 
hyperreactivity continue as the system, using McEwen’s metaphor, 
fails to hear the all-clear signal (28) and back off. It can occur when 
the classic changes in cortisol and HPA axis regulation fail to occur. 
Disturbances in the coordination of the elements involved in 

The musculoskeletal system responds to pain/stress. It is the active 
agent of fi ght and fl ight, and why muscles tense, contract with a 
purpose, and relax, when the stress has passed. The musculoskel-
etal system affects the nervous system through the proprioceptive 
stream of information that complements the fl ow of nociceptive 
afferent information. The musculoskeletal system affects the endo-
crine system through its complex relationship with the SMA and 
hypothalamic-pituitary-adrenal (HPA) systems. The musculoskel-
etal system affects the immune system particularly by enabling the 
movement of cells and their products, along the fascial networks, 
which are responsible for mounting immune responses.

The immune system responds to pain/stress with an infl amma-
tory response. The combined effects of cytokines, lymphoid tissue, 
and immune active cells are to focus attention on internal directed 
vigilance. Tissue trauma elicits an elaboration of immune active 
molecules at the site of trauma and systemically, to trigger both the 
acute, infl ammatory, phase reaction at the site of injury, and a more 
global acute phase reaction, which has been dubbed, the “sickness 
response” (i.e., see Chapter 10: Somatic Dysfunction). Proinfl am-
matory cytokines and immune cell (lymphocytes, granulocytes, 
neutrophils, and macrophages) are “circulated” through blood ves-
sels, lymphatics, and along fascial networks.

The immune system interacts with the nervous system. Noci-
ceptor activation causes release of substance P and neurokinase 
A at the site of the disturbance. These are immune stimulating neu-
ropeptides. The neurogenic infl ammation is a part of the initiating 
mechanism and propagation of the immune defensive response. 
This infl ammatory response is sensitive to sympathetic enhance-
ment from primary nociceptor activation. The immune system 
interfaces with the endocrine system. This is accomplished largely 
by cytokines, such as interleukins 1 and 6, and their receptors that 
are found throughout the HPA and the sympathetic-adrenal-
medullary (SAM). The immune system affects the musculoskeletal 
system via the structure and function of tissues that are responding 
to potential invasion. These are local, mechanical, anatomic, and 
neurologic, in their pattern of organized, coordinated involvement. 
Features of tissue texture abnormalities, both acute and chronic, 
can be associated with the primary pain response of reactive ner-
vous, immune, and endocrine systems.

The nervous system responds to pain/stress. In a bidirectional 
manner, tissue trauma, anticipated or perceived, elicits transduc-
tion of the threat into an information signal, transmission of 
that information, and effecting of a response, adaptive in nature. 
When wounds occur and primary afferent nociceptors (PAN's) are 
aroused, their signal activity increases, and they contribute to their 
own peripheral responsivity, by producing peripheral neurogenic 
infl ammation in concert with the immune system. These nocicep-
tors and immune system elements show connectivity in the periph-
ery, where they participate in the acute infl ammatory reaction, a 
part of the acute phase reaction. Peripheral sensitization is the 
result, with additional neural contribution from the sympathetic 
mediated peripheral effects.

Dorsal horn (central) sensitization refers to the lowered thresh-
old and increased responsiveness, which occurs in secondary affer-
ents from severe or protracted nociceptive stimulation. It occurs 
by glutamate and NMDA receptor mechanisms. There are inhibi-
tory and excitatory infl uences from segmental, polysegmental, and 
descending mechanisms, which help determine the afferent sensi-
tivity of ascending transmission. Central connections in the thala-
mus, hypothalamus, locus coeruleus (LC), solitary nucleus (visceral 
and somatic convergence), amygdala, periacqueductal gray (PAG), 
and the cerebellum are the sites of relay and response of the ascend-
ing neural message. Further projection to the insula and anterior 
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ongoing pain behaviors. The pain behaviors are expressed through 
the musculoskeletal system and are integrated into the patient’s 
lifestyle.

Every aspect of human life is acted out by the body’s muscles and 
joints…These are the body parts that act together to transmit 
and modify force and motion…Everything man does to express 
his aspirations and convictions can be perceived by others only 
through his bearing and demeanor and utterances, and these are 
composites of myriads of fi nely controlled motions.

—L.M. Korr

The end result is that chronic pain becomes the focal point 
of the individual’s life. This leads to demoralization and suffer-
ing. The outcome of dysregulation is the refractory, enduring pain 
experience commonly referred to as the “chronic pain syndrome.”

The person in pain expresses structural changes and functional 
disturbances, associated with their unique thoughts, feelings, and 
pain behaviors, through the musculoskeletal and visceral systems. 
Immunologic, neurologic, and endocrine systems are also continu-
ally responding to the moment-by-moment changes of the mus-
culoskeletal system, in response to prolonged pain. With this rich 
afferent input of the musculoskeletal system into the CNS, it is 
inevitable that continuous redundant pain has profound conse-
quences on the patient’s mind, body, and spirit.

An osteopathic model of pain goes beyond the biologi-
cal level of sensory modalities and neurological transmissions to 
include dynamic interactions among and within the mind, body, 
spirit, and social environment to describe each patient’s unique 
pain presentation (131). For the osteopathically trained physi-
cian, pain is more than sensation and perception (Fig. 16.3). 

the MINE system can result in circumstances predisposing to 
chronic pain.

Chronic pain results from a sustained loss of a system’s ability to 
function normally with regards to its own self-regulation and/or its 
normal regulatory role interacting with other systems.

Impaired connectivity of the neuromusculoskeletal system, the 
autonomic nervous system, the LC, the endocrine, HPA and SMA 
axes, and the immune cytokines can lead to pain system dysregu-
lation. Coordination of the MINE system is disrupted when the 
mechanisms of interaction are impaired. This can lead to an inad-
equate recovery. In this same vein, the system and its set points can 
be altered by experience such as seen in both posttraumatic stress 
disorder (PTSD) (40,41) and in chronic pain.

Autonomic dysregulation is fi rst manifested by loss of inter 
r-wave intervals on ECG. This electrophysiologic variable typi-
cally fl uctuates in association with inhalation and exhalation. Its 
variability is modulated by vagal nerve activity and refl ects the bal-
ance of sympathetic and parasympathetic activity. Its presence is a 
sign of health and stress-managing capacity. Its absence is a sign of 
autonomic dysregulation and portends a lesser capacity to respond 
and recover from stress.

Sensory dysregulation can lead to chronic pain. Excessive facili-
tation, as in the phenomenon of wind-up, can lead to a sensitized 
state and chronic pain. Defi cient inhibition at any level of the 
neuraxis can lead to a chronic pain predisposition.

The Default Mode Network (DMN dysregulation) of Raichle 
shows changes of function and structural distribution of brain 
activity in patients with chronic pain compared to healthy controls 
(42). The neuroendocrine and biochemical systems, and their set 
point changes, contribute to the suffering and misery associated 
with chronic pain. It is as though these patients continue to experi-
ence the memory of pain and are unable to stop.

Endocrine dysregulations, as it affects the HPA axis and cortisol 
release, can be measured and correlated with diurnal fl uctuations 
and in the response to dexamethasone suppression and/or corti-
cotrophin stimulation. This informs the clinician as regards the 
inherent endocrine capacity to respond to stress. When disturbed, 
as in depression, it can lead to an increased incidence of dysregula-
tion and chronic pain.

Immune system dysregulation is exemplifi ed in the complex rela-
tion of Th1, proinfl ammatory, and Th2, anti-infl ammatory cytok-
ines. Th1/Th2 ratios can be measured and can be quantifi ed as 
a sign of dysregulation. Glucocorticoids and catecholamines can 
locally stimulate Th1 changes, but globally have a Th2 effect. This 
suggests that they can promote local infl ammation while main-
taining generalized, opposing, anti-infl ammatory effects. An inad-
equacy of Th1 response, as seen in the chronically stressed, may 
refl ect a compromised ability to respond to stress.

A pattern of objective clinical signs (115) also emerges with 
dysregulation as the patient in chronic pain now reports:

■ Sleep disturbance
■ Decreased libido
■ Irritability
■ Depression
■ Decreased activity level
■ Deterioration in interpersonal relationships
■ Change in work status
■ Increased preoccupation with health and physical function

Over time, patients in chronic pain become hypervigilant to all 
incoming stimuli, their behavior regresses, and they demand pain 
control from the medical community at any cost. The environ-
ment around the patient in chronic pain also often reinforces these Figure 16-3 Osteopathic model of pain.

Social Environment
(family, culture, work)

Pain Behaviors
(unique musculoskeletal

expression, suffering, disability)

MINE Dysregulation
(musculoskeletal (M), immune (I),

neurological (N), endocrine (E)
systems)

Pain
(perception, cognition, affect)

Nociception
(sensation, awareness)
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It is fundamentally recognized that nociception sets in motion a 
conscious awareness of discomfort, thoughts, emotions, and dys-
regulation of the MINE systems, which are displayed throughout 
the musculoskeletal system. Over time, the social environment 
(i.e., family, culture, work, etc.) responds to the pain, suffering, 
and system dysregulation to further shape and reinforce each 
unique and highly individualized aspect of the pain presentation 
(132,133). This model, which builds on the biopsychosocial model 
(134) and Loesers conceptual model of pain (135), emphasizes the 
critical role of system dysregulation (Chapman, 2008). And also 
more importantly, it recognizes the central role of the neuromus-
culoskeletal system that “is ultimately involved in all pathophysi-
ological processes, regardless of where or how they originate.” 
(ECOP, 2000).

Osteopathic assessment of chronic pain is dynamic, patient focused, 
and comprehensive.

Osteopathic evaluation includes a complete biopsychosocial 
history, physical examination, osteopathic structural examination, 
and follow-up visits for both reassessment of the pain management 
plan and review of the patients’ pain scores and functional capaci-
ties (43) (see also Table 16.1).

Patients and their individualized pain management programs 
are routinely evaluated for benefi ts and side effects of treatment, 
and impact on activities of daily living (ADL). These are regu-
larly queried and appropriately documented. The physician inter-
prets these data through their medical knowledge and formulates 
a description of the patient in biopsychosocial terms, that is an 
integrated biological, psychological, and social diagnosis (44,45).

The osteopathic physician recognizes that the palpatory exam-
ination provides clues to the underlying pain generators. Pain gen-
erators may be confi rmed by an effective therapeutic response, even 
temporarily, to manual correction (OMT). “Somatic dysfunction 
may be causative, refl ective, reactive or perpetuating, or a combina-
tion (43).” In summary, osteopathic thinking requires more than 
assessing somatic dysfunction and relying on pain intensity scores. 
Comprehensive osteopathic care for chronic pain takes into account 
patient’s moods, beliefs about pain, coping efforts, resources, 
response of the family members, and the impact of pain on the 
patient’s functional quality of life (QOL). The patient reporting 
the pain must be evaluated, not just the pain (46).

The general medical history holds many keys to understanding 
chronic pain. The past medical history includes a childhood and 
early life history, a history of previous or current medical conditions 
and trauma (41). Of particular importance is a history of dysregula-
tions of the musculoskeletal system, immunologic system, nervous 
system, and endocrine system (i.e., MINE system).

Active listening is essential for both understanding pain and devel-
oping trust. Chronic pain management begins with careful listening 
and observations, is followed by the physician-guided examination, 
and is completed with the review of historical record. The patient is 
seen as a whole person affected by many spheres of infl uence. They 
have sought your help because their health and sense of well-being 
is challenged. They hurt. What they have tried on their own for 
pain has failed. They often fear the worst, or they fear you’ll fi nd 
nothing wrong and tell them the pain is in their “head.”

The simple message is “I know you have pain. I believe that 
your pain is real. I want to know all about you and the pain you are 
experiencing. I will treat your pain in parallel with the necessary 
investigations to exclude serious underlying pathology. The goal is 
to identify the reasons for the pain to restore function and to reduce 
your pain to the lowest possible level.”

A common mnemonic of PQRST (pain, quality, radiation, sever-
ity, temporal) is a good starting point for the focused pain history.

Pain: Most frequently used pain assessments are single-item 
Verbal Rating Scales with 0 being “no pain” and 10 being 
“unbearable pain.” These assessments rely on patients’ self-
reported experience of pain intensity or unpleasantness. 
A great deal of information is available about the psycho-
metric qualities and properties of these single-item numeric 
rating scales. A systematic review of clinical and random-
ized controlled clinical trials shows them to be reliable and 
valid (46).

In addition to pain scores’ intensity, multidimensional mea-
surements of affective response, coping, function, and QOL and 
analgesic use allow a more comprehensive approach to measuring 
pain and function (46). These measures are designed to assess abil-
ity to engage in functional activities such as walking, sitting, lifting, 
performing ADL, and an overall sense of satisfaction and QOL.

Quality: One of the most frequently used pain assessment instru-
ments is the McGill Pain Questionnaire (MPQ) (70–72). 
This instrument has three parts including a descriptive 
scale (pain intensity), a front and back of a drawing of a 

T A B L E  1 6 . 1

Investigations to Support History and 
Physical Examination

Categories of Tests Examples of Tests

Psychometric 
testing

Formal neuropsychologic 
evaluation, McGill Pain 
Questionnaire (MPQ)

Diagnostic 
imaging

X-ray, computerized 
tomography (CT), MRI

Functional 
diagnostic 
imaging

Isotope scan, PET, blood 
oxygen level dependent-MRI 
(BOLD-MRI), fluoro-
deoxyglucose-PET (FDG-PET), 
O2-PET, ultrasound (US)

Neurophysiologic 
testing

Electroencephalography (EEG), 
MEG, electromyography 
(EMG), nerve conduction 
velocity (NCV), evoked 
potentials (EP), quantitative 
sensory testing, vibration 
threshold

Fluid testing 
(serology)

Blood, urine, feces, 
cerebrospinal fluid (CSF)

Tissue testing 
(histology)

Nerve biopsy, tissue biopsy

Cellular testing 
(cytology)

Morphology, function, energy, 
transformation

Molecular testing Immunologic, hormonal, 
neurotransmitters

Genetic testing HLA testing, inherited 
disorders

Diagnostic 
anesthetic 
blockade

Nerve blocks, facet blocks, 
epidural blocks
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human fi gure on which patients indicate the location of their 
pain, and a pain-rating index based on patient selection of 
adjectives from 20 categories of words refl ecting sensory, 
affective, and cognitive components of pain. The MPQ 
provides a great deal of information in less than 5 minutes 
(Fig. 16.4) with good test/retest reliability (66–69).

Radiation: where is the pain, and to where does it travel or refer? 
(see pain drawing on MPQ). Look for dermatome patterns, 
peripheral nerve distribution patterns, or CNS patterns.

Severity (intensity): how bad it is; sometimes the pain intensity 
score and behavioral observations can be corroborating or 
contradicting, (i.e., 10/10 but the patient looks comfort-
able. or 2/10 and they look dreadful).

Temporal (intensity and duration): Another useful clinical 
parameter of pain assessment is a pain, intensity—time 
curve. These can be graphed. Basically, over a 24-hour 
period of time, how does the pain wax and wane? This line 
of questioning can be valuable. For example, a subarachnoid 
hemorrhage is likely to produce severe pain rapidly; men-
ingitis may take hours or days to reach maximum inten-
sity, while a muscle tension headache patient may describe 
maximal pain continuously.

The graph can include the temporal characteristic of pain reso-
lution. Over what period of time does the pain diminish and to 
what degree? The pain of trigeminal neuralgia comes like a light-
ning bolt and typically goes away in a matter of seconds to minutes. 
Cluster headache crescendos rapidly and while severe is usually 
gone within 1 to 3 hours.

Pain of neuropathy is commonly constant, reported as worse 
when the patient is trying to relax or sleep, yet gets better when 

distracted. It is important to know how the pain returns and with 
what temporal characteristics. The peristaltic rhythm of colonic 
pain, the morning stiffness of osteoarthritis, or pain associated with 
menses are examples of temporal aspects.

It is useful to understand and classify pain by its intensity 
and persistence over time. This can lead to differential diagno-
ses based on differential anatomy, physiology, and pathology 
(Table 16.2).

The patient is queried regarding the impact on their affective 
state. What is their mood? Are they depressed, worried, angry, or 
fearful and what is the history of these feelings? To what degree 
and in what ways is the patient suffering? What is the impact on 
their cognitive state? (Use Pain Coping Skills) What is their self-
image and, how has it been affected by pain? What is the impact 
on the patient’s ADL? Are they able to eat, dress, wash, and toi-
let? Can they do the shopping, cooking, and cleaning? Are they 
able to work? Are they completely unable to work, do they have 
a limited ability to work, are they on disability? Are they seeking 
disability? Has there been an effect on their mobility? Can they 
walk, bend, stand, sit, or lie without pain? Can they exercise? What 
do they do for exercise and has it changed because of their pain? 
Has this affected how they view themselves or how they feel? How 
has this affected their nutrition? Have they lost their appetite, are 
they not eating adequately, has it affected the availability of healthy 
food choices, or are there physical impediments to eating? Lifestyle 
changes and high-risk choices such as increased alcohol use, drug use, 
lack of exercise, and comfort eating are other important factors (see 
Chapter 32: Health Promotion).

How is their sleep? Do they have trouble falling asleep, stay-
ing asleep, staying awake, or getting enough sleep? Do they feel 
refreshed after sleeping? 

MOVE
Stretch/strength
Cardio exercise

Balance

THINK/FEEL
Cognitive restructuring

Problem solving
Stress management

Improve mood

NOURISH
Wt. management
Insulin balancing

Anti-inflammatory choices
Limit processed foods

Supplements

REST
Restoration
Relaxation
Recovery

Sleep

WELLNESS
(person in pain)

Figure 16-4 Wellness is appreciated 
through multiple interacting systems.
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What is the impact on their family life? How have the family 
dynamics and interpersonal relationships been affected? Is there 
a family history that is relevant? Are there family members with 
migraine, degenerative disc disease, connective tissue disease, 
substance abuse, or other abuses? Who are the caregivers? What 
is the impact on the community? Has there been a change in the 
patient’s role in the community? Do they derive care giving from 
the community? What is the cultural stigma or stereotype associ-
ated with admitting, showing, or seeking treatment for pain? What 
are the economic implications of their pain? Are they missing work, 
losing wages, receiving or seeking disability payments? What is 
their degree of health care utilization? Are they seeking medicolegal 
redress?

What are the environmental stressors? Is there poverty, malnutri-
tion, dysfunctional living circumstances, toxic exposure, substance 
abuse, high-risk behaviors?

Ultimately, the behavioral model assesses the pain and its 
impact on the patient’s QOL.

The osteopathic physician is uniquely trained to evaluate the 
musculoskeletal system. Through observation, palpation, and 
motion testing, key information is gathered. The neurological/mus-
culoskeletal system is known as refl ector and effector of the entire 
organism and all its systems. The combination of this information 
with the general physical exam and appropriate evidence-based test 
results provides the osteopathic physician with a comprehensive 
data set. This allows for a most complete biopsychosocial evalua-
tion of pain, physical functioning, system dysregulations, and adap-
tive response patterns.

The osteopathic physical examination is patient focused and 
solution oriented. It can allow a connection to the patient, other-
wise unavailable. The musculoskeletal system is not just for secur-
ing a diagnosis. It provides an avenue for treatment that can target 
the nociceptors, the pain experience, the suffering, and the pain 
behaviors. Armed with the knowledge of anatomy, physiology, and 
pathologic physiology, a dynamic, interactive, systems analysis can 
be made. Specifi c diagnostic considerations include ongoing tis-
sue injury, effects of neurologic processing, presence and degree 
of suffering, cognitive and affective disruptions, musculoskeletal 
manifestations, as well as premorbid, and subsequent, adaptive 
responses. The diagnostic systems analysis will typically describe 
multiple axes of dysfunction. This leads directly to an integrated 
diagnostic assessment and an active treatment plan (Table 16.3).

The formal biomechanical/musculoskeletal examination is 
integral to osteopathic medicine.

Besides the obvious orthopedic aspects of the examination, the 
characteristic evaluation for static asymmetry, tissue texture abnor-
malities, and restriction of motion has become an integral part of the 
osteopathic examination. Static asymmetry looks at posture, spinal 
curvature, and limb asymmetry. Tissue texture abnormalities and 
motion restrictions can be examined for in local, regional, and even 
global fashion. The important thing is to be doing this part of the 
examination mindful of what the patient’s major pain complaints 
might be. Be sure to examine where it hurts. How does it look, 
how does it feel, how does it move? Knowing exactly where it hurts 
also suggests any number of associated mechanical, anatomical, and 
neurological associations, visceral and somatic, that can augment 
the biomechanical examination and its contribution to a compre-
hensive diagnosis. Patients in pain are sometimes not touched by 
their doctors. Sometimes, their painful areas are not directly exam-
ined and, as a result, their complaints are not fully understood, and 
the physician’s formulations believed (Table 16.4).

The Neurologic Model

The neurological examination is particularly relevant in evaluat-
ing patients in pain. This is designed to ferret out those patients 
with irritation of a previously healthy nervous system from those 
with disorders of the nervous system that might be predisposing to 
painful states.

Always when evaluating the holistic nervous system, both 
peripheral and central, the questions to be answered are, is there 
something wrong, where is it localized, and what is causing it?

It begins with an evaluation of the patient’s level of arousal and 
content of their consciousness. Are they bright and alert, or are 
they dull and sluggish? Are they making sense? Are they delirious, 
demented, or encephalopathic? Have they taken too much medi-
cation or do they have encephalitis? Are they mood appropriate to 
their complaints?

Particular attention to the cranial nerves is obviously appropri-
ate in pain complaints of the head, face, and the special sensory 
organs. The eyes, ears, nose, and mouth are known to be richly 
innervated and very sensitive. Smell, sight, eye movements, facial 
strength, facial sensation, hearing, taste, speech, and swallowing are 
all evaluable (Table 16.5).

T A B L E  1 6 . 2

Assessment/Diagnosis: Temporally Defined

Temporal Character Clinical Examples

Acute Trauma, illness
Acute, recurring Migraine
Subacute Longer-lasting insult or time 

to resolution
Chronic Low back pain, neck pain, 

daily headache, fibromyalgia, 
irritable bowel syndrome

Chronic, progressive Malignancy, degenerative, 
inflammatory

Chronic with acute 
recurrences

Spondylosis

T A B L E  1 6 . 3

Assessment/Diagnosis: Location Defined

Anatomic Location Clinical Examples

Visceral Liver, lung
Vascular Large vessel, small vessel
Muscular Muscle, myofascial pain 

syndrome
Skeletal Bone, joint, capsule, ligament, 

tendon
Nervous system Cortical, thalamic, 

brain stem, spinal cord, 
peripheral nerve, autonomic 
nervous system

Other Skin, eyes, ears, nose, mouth
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Sensory Examination

Sensory testing is designed to evaluate the peripheral nerves, 
which lead to spinothalamic and dorsal column pathways, from 
their peripheral elements to their central pathways and connec-
tions. Further testing is aimed at evaluating cortical and subcortical 
components of sensory processing. Obviously, in pain conditions, 
sensory processing is hugely relevant. An attempt to recognize a 
pattern of sensory dysfunction is sought. Is there altered sensation 
in the territory of a peripheral nerve or is it the territory of a nerve 
root with dermatomal features? Do the small fi bers that respond 
to pinprick and temperature react differently than the larger fi bers 
that respond to touch, vibration, and proprioception? Sometimes, 
this can point to a disorder of the peripheral nerves such as a small 
fi ber neuropathy. These conditions are known to have association 
with peripheral neuropathic pain. Is there a sensory level sugges-
tive of a spinal cord etiology? Is there a hemisomatic distribution of 
sensory changes suggesting a central source? Are their dissociations 
of sensory defi cits? For example, is there loss of pain and tempera-
ture with preservation of touch as in syringomyelia? Is there loss of 
pain and temperature on one side of the body with loss of touch 
on the other as in hemisection lesions of the spinal cord? Are there 
defi cits in touch and proprioception with sparing of pinprick sen-
sation, as in dorsal column disorders such as vitamin B12 defi ciency 
or multiple sclerosis? Does the sensory loss include the face on one 
side and the arm and leg on the other side suggestive of brain-
stem pathology? Or, does the sensory loss involve the face, arm, 
and leg on the same side suggesting a disorder at the level of the 
thalamus or sensory cortex? These central lesions have long been 

known to be cause for central pain syndromes, such as thalamic 
pain syndrome, or parietal pain syndrome. Whether from cerebral 
infarction, neoplasm, trauma, or demyelinating disease, they can 
represent vexing conditions to manage.

Armed with a pin, tuning fork, and wisp of cotton, the sensory 
evaluation is pursued. Not just patterned disturbances are relevant. 
Sometimes, the patients response themselves are illuminating. 
Do they have allodynia, hyperpathia, or hyperalgesia indicating 
unusual sensitivity to stimuli? Or, do they have sensory loss in areas 
that are reported as painful, so-called, anesthesia dolorosa? Do they 
complain of pain in parts they no longer have, as in phantom pain 
syndrome? Do they have dissociations between their ability to feel 
and localize painful stimuli and their ability to manifest appropri-
ate affect or cognitive correlates? This can be seen in some of the 
cerebral hemispheric disorders.

It is particularly important to assess the sensory status in the 
area or areas of complaint. Is it normal or abnormal? If abnormal, 
is it more or less sensitive? Is there indifference? If the sensory 
exam is abnormal, do the sensory fi ndings correlate with the pain 
in some way? Is there a pattern of sensory loss suggesting a neuro-
logical localization?

Motor Examination

The motor examination begins with the casual examination while 
the patient walks into your offi ce, moves about your examination 
room, describes their pain problem, participates in the examination 
process, passively and actively. Because pain is at least part of the 
problem, a particular eye toward the patient’s signs of protective 
behaviors, such as limping or hobbling, is made. Looking for and 
documenting signs of suffering, such as grimacing, moaning, or 
crying, is done. Sad, anxious, angry affective behaviors are part of 
the casual motor examination, as are observations of the cognitive 
behavioral manifestations, like resigned, slumpedshouldered, head 
drooped, slow moving postural adjustments. This, by the way, is 
an important opportunity to broaden your osteopathic impressions 

T A B L E  1 6 . 4

Assessment/Diagnosis: Pathophysiology 
Defined

Pathologic Process Clinical Examples

Malignant Primary, metastatic, 
para-neoplastic

Degenerative Trauma, wear and tear, 
apoptotic

Inflammatory Immune mediated, organ 
effects

Immunologic Antibodies, interleukins, 
tumor necrosis factor, etc.

Respiratory, circulatory Local, regional, global
Energy, metabolic Local, regional, global
Endocrine Hormones, releasing factors
Infection Local, regional, global
Somatic dysfunction Local, regional, global
Trauma Severity, complexity
Neurogenic Neoplasm, infarction, 

demyelination, trauma, 
infection, degenerative, 
migraine

Psychogenic Somatoform, depression, 
anxiety, hypervigilance, 
personality disorder, 
malingering, catastrophizing

T A B L E  1 6 . 5

Management of Nociceptive Activity

Type of Intervention Clinical Examples

OMT Direct, indirect
Anesthesia Local, regional, sympathetic
Medication, systemic NSAID, opiates, pregabilin, 

gabapentin, lamotrigine, 
acetaminophen

Medication, local Lidocaine, NSAID, OTC 
topical

Surgery Removal, repair, restoration, 
ablation, stimulation

Biofeedback EMG, temperature, galvanic 
skin response (GSR), EEG

Physical therapy Heat, cold, laser, ultrasound, 
electrical stimulation, 
traction, exercise, balance

Acupuncture With or without electrical 
stimulation, local, systemic
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regarding the entirety of the burden that has befallen the patient 
(Table 16.6).

The formal testing of the motor system includes passive tests 
of motor tone looking for fl accidity, spasticity, or rigidity, as well 
as atrophy, or fasciculations. In patients with pain, there may be 
guarding, which must be considered. Likewise, in active testing of 
strength, pain may limit effort or willingness to exert a particular 
action or many different actions. This is best recorded as pain lim-
ited strength testing. Testing for strength can be done both region-
ally and locally. So, while testing general arm and leg raising, grip 
and toe wiggle, may be enough for a screening exam, sometimes a 
meticulous muscle-by-muscle, limb-by-limb, and trunk exam must 
be conducted, particularly, if there are pain complaints, associated 
with symptoms of weakness, cramping, spasms that can be local-
ized. In those cases, the more thorough version of motor examina-
tion is mandated (Table 16.7).

Furthering the motor examination requires tests of the refl ex-
ive properties of the body. These include the segmental, mono-
synaptic myotatic refl exes. These tendon refl exes can be obtained 
from most myotendinous junctions, but are usually tested at elbow, 
wrist, hand, knee, and ankle. Their hypo- or hyper-reactivity must 
be ascertained. Is there a pattern to the refl ex and motor fi ndings?

Is there a problem in the muscles generally with proximal 
weakness and normal refl exes? Do they have distal weakness and 
refl ex loss due to neuropathy? Do they have weakness of one side of 
the body involving the leg, arm, and face with hyperactive refl exes 
on that same side suggesting a CNS disorder?

Some refl exes are usually not present in adults and are consid-
ered pathologic when present.

Plantar responses that are extensor, thumbs that fl ex with mid-
dle fi nger fl icking are signs of upper motor neuron defi ciency.

Palms that grasp when stroked, chins that twitch when the 
palm is stroked, loss of extinction to glabellar tapping, rooting and 
sucking signs are generally hemispheric defi ciency signs.

Somewhere, you are also collating this information with what 
you have already obtained in the mental, cranial nerve, and sensory 
exams.

Cerebellar/Motor Examination
The cerebellar testing includes an assessment of gait and posture, 
coordination, and balance. The cerebellum has great capacity for 

learning and remembering and mostly what it learns is how to bal-
ance and move. In general, signs of imbalance are just that. They 
are signs of imbalance in the body proper. Balance is what we seek, 
when we seek health.

The patient stands, walks, eyes open, eyes closed, along an 
imaginary tight rope. They stand on one leg; they touch their fi n-
ger to their nose and their heel to their shin. Rapidly alternating 
motions can be tested, including fi nger and foot tapping. The qual-
ities of their speech and eye movements are assessed.

Fifty percent of the neurons of the CNS are in the cerebellum, 
which occupies only 10% of its volume. It has a prominent role in 
the nervous system’s contribution to health or disease. Its activities 
are, for the most part, not consciously appreciated. It is becoming 
clear that the cerebellum is involved in all manner of dysfunctions, 
including pain and somatic dysfunction.

Autonomic Model
Autonomic testing has largely been performed earlier in the exami-
nation. The heart rate, respiratory rate, blood pressure, state of the 
pupils, tears and saliva, color and temperature of the limbs, associ-
ated sudomotor activity, sweaty and clammy features have likely 
been noticed by now. The presence of goose fl esh due to piloerec-
tion or skin mottling has already been observed during the general 
physical but here is reformulated in the context of overall autonomic 
behavior. Is the pattern sympathetic driven, sympathetic exhausted, 
or parasympathetic in nature? Is it generalized or regional?

The evaluation of the skin provides the most external oppor-
tunity for evaluation and can lead to important observations about 
regional, dermatomal, or local problems. The tuft of hair over the 
midline lower back may overlie a neural tube closure defect like 
a spina bifi da. The blistered rash over a single dermatome can be 
the presentation of Herpes zoster or shingles. It is noteworthy that 
for the skin to be evaluated, in fact for an adequate examination 
to be performed, the patient must be disrobed. With modesty and 
respect, patients should be undressed, gowned, and examined.

The fascial system, another of the body’s holistic systems, is an 
organizing tissue like no other. It is continuous from top to bot-
tom, front to back, inside to outside. It invests every tissue type, 
from its outer most coverings to its deepest cellular structures. In its 
investments, it is found to be continuous. Current research has now 
revealed intracellular and intercellular linkage through this same 

T A B L E  1 6 . 6

Management of Pain Perception

Type of Intervention Clinical Examples

OMT Direct, indirect
Education Information about pain 

and self-management
Exercise Stretch, balance, 

strengthen
Medication Opiates, TCA, NSRI, 

cannabinoids
Cognitive and 
behavioral therapies

Insight, hypnosis, 
relaxation training
Operant and respondent 
conditioning

T A B L E  1 6 . 7

Management of Suffering

Type of Intervention Clinical Examples

OMT Direct, indirect
Cognitive and 
behavioral therapy

Psychotherapy, cognitive 
restructuring, hypnosis, 
imagery, relaxation

Relaxation Biofeedback, progressive 
relaxation

Breathing exercise Yoga, tai chi, 
diaphragmatic breathing

Medication Opiates, antidepressants, 
anticonvulsants

Surgery Ablation, deep brain 
stimulation
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fascial system. Connective tissue, collagen, integrins, cytoskeletons 
are the levels of scale in which the reiterated properties of mesoder-
mal derivatives serve as a principal organizer for the multitude of the 
body’s structures and functions. As a mechanical force transducer, a 
mechanical force transmitter, and an effector tissue, the fascial sys-
tem impacts immunologic, neurologic, and endocrinologic, and, of 
course, musculoskeletal functions and structures. Its many functions 
will be discussed elsewhere, but its evaluation in patients suffering 
pain can be uniquely rewarding. It can reveal biomechanical link-
ages between internal and external structures as well as information 
regarding the patient’s unique constellation of painful parts.

The Respiratory/Circulatory Model
The respiratory/circulatory testing demands a thorough examina-
tion of both the cellular and the whole-body adequacy of oxygen, 
blood, lymph, interstitial fl uid, and cerebrospinal fl uid dynamics. 
Good health requires the maintenance of adequate arterial, venous, 
lymphatic, cerebrospinal, and interstitial fl uid dynamics. The car-
diovascular exam evaluates the very essence of circulatory function, 
from the pump to the pipes. Every region must be considered for 
the adequacy of its blood supply and the health of its components. 
Is there leg pain from claudication? Is it due to peripheral vascular 
disease? Is it due to neurogenic claudication, as a result of spinal 
stenosis?

Is their head pain associated with an indurated, tender superfi -
cial temporal artery? Is their acute low back pain (LBP) associated 
with an abdominal bruit and loss of pedal pulses? This is one of the 
holistic systems of the body that reaches every single cell and infl u-
ences every single function. The “rule of the artery” must always be 
considered.

In some texts, the respiratory system is considered as part of 
a cardiorespiratory system. But it merits its own consideration as 
another of the holistic systems of the body. The adequacy of breath, 
the dependence on adequate oxygenation, again, can be seen to 
affect every organ, every system, every cell and cellular func-
tion. The examination considers the patient’s color, their respira-
tory effort and capacity, as well as its adequacy. Signs of chronic 
insuffi ciency like clubbing of the fi ngers raise concerns for more 
widespread problems. Ultimately, the adequacy of the cardiorespi-
ratory system is vital to the essential well being of the individual. In 
managing pain, optimization of respiratory and circulatory struc-
ture and function is critical. Of course, this involves auscultation, 
palpation, and observation of the thoracic space. Examination of 
the heart, lungs, lymphatic structures, great and small vessels, dia-
phragm, and thoracic inlet comprise the test.

There are palpable reactions of the musculoskeletal system to stress/
pain (see Chapter 14 The Physiology of Touch ). Touching the 
patient’s pain is more than a euphemism. It is an experience for 
doctor and patient alike. It is an opportunity to validate a patient-
centered subjective experience with more objective physical data. 
As a clinician, you will always feel more confi dent in diagnosis 
when you have been able to reproduce the patient’s symptoms. This 
is not always possible even with a meticulous and comprehensive 
examination. Sometimes, the examination process is straightfor-
ward; other times, it remains elusive. Patients themselves feel bet-
ter understood when they are examined and touched in ways that 
inform the examiner regarding the nature of their pain. Under-
standing the generators and mechanisms of a painful process 
enhances the therapeutic options. Therefore, understanding what 
actions exacerbate or initiate the pain is essential. Ask the patient 
to demonstrate the behaviors, positions, movements, and activities 
that infl uence their pain. Pay attention to what worsens and what 
improves the symptoms.

At some point in the examination, if it has not already occurred, 
provocative testing is pursued. This means attempting to repro-
duce or aggravate the pain. If the clinical scenario suggests nerve 
root compression, then intervertebral foraminal compression with 
vertebral side ending and extension may exacerbate the nerve root 
symptoms. Straight leg raising that causes pain to radiate down the 
leg suggests nerve/nerve root entrapment that is affected by neu-
rofascial stretch. Compression or traction on peripheral nerves that 
reproduces symptoms can be diagnostic of conditions like thoracic 
outlet syndrome, carpal tunnel syndrome, cubital tunnel syndrome, 
tarsal tunnel syndrome, or piriformis syndrome. Skeletal percussion 
can help identify a bony source of pain, as in fracture or metastasis. 
Visceral palpation can identify a visceral source of pain.

Palpation of the myofascial system, systematically seeking 
tender points, can reveal the trigger points of myofascial pain 
syndrome, Chapman’s points of neurolymphatic dysfunction, the 
muscles, tendons, ligaments, skeletal, and connective tissue genera-
tors of pain.

At times, the relationship between the tender points and 
the pain complaint is obvious. They sprain their ankle and their 
talofi bular ligament is tender. Other times it is less obvious; their 
appendix is infl amed and their abdominal wall is tender. The rela-
tionship of the tender places and the pain complaints is usually 
related to their segmental, autonomic, and central relations.

The pattern of tenderness may reveal patterns of musculoskel-
etal involvement that involve multiple structures. This pattern can 
be analyzed to reveal whole-body patterns of strain and trauma. 
This is an example of forensic Osteopathy. This provides an oppor-
tunity to correlate the patterns of dysfunction with the biome-
chanical/musculoskeletal behaviors of origin. This can reveal the 
traumatic vectors of strain.

Even more important than the attempts to increase pain are 
the efforts to reduce pain. Besides asking the patient to demon-
strate what helps, maneuvers such as distraction or compression 
are performed. Attention to the functional anatomy and neurology 
of the maneuvers can reveal keys to diagnosis as well as treatment. 
OMT, as will be described in greater detail in this text, is a uniquely 
osteopathic approach to this process. For example, the confi rma-
tion of a cervical origin to a headache by relieving it using manual 
cervical distraction provides useful diagnostic information. In addi-
tion, it provides critical understanding that can be translated into 
therapeutic strategy (Table 16.8).

Behavioral Model
The psychological examination has been ongoing and largely done 
by now. Has the patient been anxious, tense, fearful, angry, worried, 
or depressed? Are they catastrophizing (50–53) about their pain? 
Is their belief in their pain so fi rmly maintained as to disagree with 
logic or rational argument? Do they fear pain (54–56), or move-
ment (i.e., kinesiophobia) (57–59) and avoid activity? Patients 
who catastrophically (mis)interpret their pain are prone to become 
fearful and consequently engage in protection (e.g., escape/avoid-
ance) behaviors, such as guarding and resting. Paradoxically, these 
behaviors may increase pain and pain disability rather than reduc-
ing them (60). There are a large number of patients with musculo-
skeletal pain who avoid physical activities unnecessarily because of 
the fear that movement can be harmful. As a result of inactivity and 
withdrawing, they feel helpless, have little initiative to comply, and 
fi nd themselves depressed (39). Pain sets in a still joint. Depression 
sets in a still person. “Motion is a basic function of life” (ECOP). In 
fact, prolonged bed rest is no longer recommended for the manage-
ment of LBP; it is ineffective and may even delay recovery. Recent 
guidelines encourage the patient to continue to stay active, continue 
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ordinary activities, and work as normal, and this leads to faster 
recovery and lower risk of chronic pain and disability (61,62).

The osteopathic physician remembers that pain is a com-
plex, subjective perceptual phenomenon with intensity, quality, 
time course, personal impact, and meaning—“That you assess the 
person, not just see the pain” (63). Persons experiencing nocicep-
tion display a large range of reactions that are indicative of pain, 
distress, fear, anger, depression and/or suffering. Their autonomic 
arousal, muscle tension, endocrine, immune, and neurologic reac-
tions add to the pain behaviors (Table 16.9). The pain behaviors 
further develop and change through learning and are molded by 
past painful experiences (64,65).

It is important not to mistake these pain behaviors as being 
synonymous with malingering. Malingering is a conscious pur-
poseful effort to defraud and fake symptoms of pain for fi nancial 
and/or emotional gain. In many cases, chronic pain behaviors do 
not automatically correlate with conscious deception, but rather 
they are behaviors that are unintended and result either from unre-
lieved pain or environmental reinforcement. Most patients who 
display pain behaviors are not aware of them nor are they con-
sciously motivated to obtain reinforcements from others. There is 
little support for the contention of outright faking of pain or that 
the process of malingering is widespread (63).

Formulation and Execution of Osteopathic 
Pain Management
It has been our contention that proper therapy depends upon a 
proper diagnosis. That is why in a chapter titled Chronic Pain 
Management, so much emphasis and time has been devoted to 
assessment. We have learned that the diagnostic process is mul-
tivariate and it is reasonable to conclude that therapeutic plans 
are best conceived as offering benefi t at multiple levels. Our diag-
nosis must include relevant medical diagnoses, including medi-
cal, affective, cognitive, and behavioral comorbidities. It must 
include an understanding of the involved nociceptive mecha-
nisms, peripheral and central. Finally, our diagnosis must include 
an understanding of the biopsychosocial impact on the patients’ 
function and QOL. Our targets, therefore, are the peripheral, 
spinal, and forebrain structures and their functions. They include 

the MINE systems. Additional targets include comorbidities, 
psychiatric, social, behavioral, and medical. In all patients, with or 
without chronic pain, general advice is offered regarding proper 
nutrition, levels of activity and exercise, on sleep and rest, as 
well as the importance of creating and maintaining thoughts of 
wellness (122).

The Osteopathic Pain Management Plan is 
Evidence Based and Comprehensive

Osteopathic treatment decisions are based on systematic reviews 
and evidence-based considerations. (For current reviews, see 
The American Pain Society [APS] and the American College of 

T A B L E  1 6 . 8

Pain-Related Behavior Management

Type of Intervention Clinical Examples

OMT Direct, indirect
Meditation Mindfulness meditation, 

self-hypnosis
Visual imagery Guided, self-guided. 

Distraction and visualization 
training

Behavioral therapies Functional recovery 
programs (Fordyce), operant 
conditioning, interdisciplinary 
pain programs

Exercise Healthy activity, prescribed 
stretch, strengthening, 
endurance, balance training

T A B L E  1 6 . 9

Behavioral Indication of Pain

Anatomic Location Clinical Examples

Vocalizations Sighs, moans, crying, 
pleading

Facial expressions
• Brow bulge • Bulging, creasing and/or 

vertical furrows above and 
between eyebrows

• Eye squeeze • Lowering and drawing 
together of the eyebrows 
(squeezing and bulging of 
eyelids)

• Nasolabial furrow

• Horizontal mouth • Pulling upward and 
deepening

• A distinct horizontal 
stretch/pull at the 
corners of the mouth

Motor activity Slow movement
Avoidance of activity for 
fear of pain

Disposition Irritable, withdrawn, sad, 
aggressive

Body postures, 
gesturing

Limping or distorted gait
Rubbing or supporting the 
affected area
Frequent position changes
Rigid posture, guarded 
movement

Behaviors to 
avoid pain

Inactivity and rest to avoid 
pain
Excessive use of 
medication/health care 
system
Social withdrawal/reduction 
of ADLs
Outward symbols of 
distress (self-prescribed 
collars, canes, braces)
Addictions

Adapted from Turk (133). Psychological Approaches to Pain 
Management: A Practitioners Handbook. 2nd. Ed. New York: 
Guilford; 2002.
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Physicians systematic reviews, utilizing both the Oxman criteria 
and the Cochrane Database [In Ann Intern Med 2007;147(7):492–
504] ). Their therapeutic prescription, after reviewing all the evi-
dence on nonpharmacologic therapies for chronic pain (>4 weeks 
duration) when compared to placebo, sham, or no treatment found 
good evidence for spinal manipulation, exercise, cognitive-behavioral 
therapy, and interdisciplinary rehabilitation. The only nonpharma-
cological therapies with fair-to-good evidence of effi cacy for acute 
pain (<4 weeks duration) are superfi cial heat and spinal manipula-
tion. The choice and sequencing of these therapies and the meth-
ods of tailoring therapy to the unique individual patient is the true 
art of osteopathic care.

The therapeutic plan is aimed at removing noxious infl uences, 
at any level or location. Concurrently, efforts at optimizing struc-
ture and function are the objective goals for moving toward health. 
The inherent vitality and capacity for wellness of the patient is 
the focus for therapy. From the molecular, cellular, systemic, and 
regional perspectives, therapeutic strategies are conceived. They 
are often stratifi ed. First, we will try treatment A and if not suc-
cessful will change to treatment B. They are typically multifaceted. 
Sometimes, they are additive and even synergistic. In this way, they 
represent a microcosmic, multidisciplinary, therapeutic plan. Of 
course, in some situations, multiple different health care providers 
are involved in delivering and coordinating the plan. This repre-
sents the macrocosmic interdisciplinary therapeutic team.

In some cases, there is clear synergy of therapies. The total 
amount of therapeutic effi cacy is greater than the sum of the indi-
vidual therapeutic efforts. Likewise, the idea that interdisciplinary 
management can offer synergistic therapeutic opportunities has led 
to the creation of interdisciplinary pain management centers treat-
ing both pain and disability.

The osteopathic mission through both OMT and the doc-
tor–patient relationship is to restore postural and mechanical 
alignments, manage fascial strain, and tissue texture changes to 
encourage the patient’s innate ability to heal (116,117). Osteopathic 
thinking has long considered pain as a symptom closely linked to 
somatic dysfunction. In addition to neuromuscular factors trigger-
ing nociception and the initial report of pain, biopsychosocial fac-
tors often worsen and perpetuate pain. Osteopathic physicians need 
to approach patients in chronic pain with support and empathy 
while drawing heavily from the expertise of their pain specialist 
colleagues. Caring for chronic pain often warrants an interdisci-
plinary approach blending osteopathic thinking and the best evi-
dence-based knowledge about biopsychosocial treatments (73,74). 
The goal is to assist the patients internal healing and their ability 
to mount a homeostatic response. Each therapeutic prescription 
needs to be individualized.

Biopsychosocial Interventions Decrease Suffering

Much of the disabling nature of chronic pain thus stems from 
cognitive and affective factors and cannot be explained by objec-
tive physical measures alone (75,76). Osteopathic interventions 
are biopsychosocial and they target nociception in an attempt to 
decrease distress and increase functioning (77,78). Four system-
atic reviews (79–82) and a recent meta-analysis (83) of random 
controlled trials (RCTs) of specifi c measurement domains such as 
pain expression, functional activity level, health-related QOL, and 
depression substantiates the effi cacy of treating the psychological 
factors of chronic pain.

Specifi cally, these RCTs showed cognitive behavioral treat-
ments (Table 16.10) were moderately superior to no treatment, 
placebo, and wait-list controls. Positive effects of psychological 

interventions when compared to these various control groups were 
noted for pain intensity, pain-related interference, health-related 
QOL, and depression. Both cognitive and behavioral and self-
regulatory treatments were specifi cally found to be effi cacious in 
decreasing suffering (83).

The robust nature of these studies should encourage confi -
dence in the osteopathic physician as they advise and counsel the 
chronic pain patient in the areas of pain catastrophizing (84), fear 
avoidance (85), managing psychiatric comorbidities (76), reinforc-
ing pain relevant conversations (86), and the promotion of pain 
self-management and self-healing (87). The strength of osteopathic 
medicine in managing chronic pain comes through talk and touch. Noth-
ing can be more powerful.

Exercise is Treatment for Chronic Pain

The body is made to move. At every stage of life and health, there 
is a range of activity that can be realized. There is a minimum, 

T A B L E  1 6 . 1 0

Common Components of Cognitive 
Behavioral Treatment of Chronic Pain

Strategy Focus of Treatment

Cognitive 
restructuring

Self-statement reanalysis 
to change pain, distressing 
thoughts, and decrease 
anxiety

Challenging 
irrational beliefs

Catastrophizing, all or none 
thinking, negative predicting, 
selectively focusing on pain, 
over generalizations, 
jumping to conclusions, 
fatalistic viewpoints

Motivating patients Reduce social isolation, 
improve communication and 
problem-solving skills and 
outcome expectancy

Desensitize patients Pacing activities, goal 
setting, muscular relaxation 
training

Reinforce activity Operant and respondent 
conditioning

Teach 
self-management

Breathing techniques, bio-
feedback, imagery training, 
distraction techniques

Educate on 
mind/body/spirit

To understand body unity 
and our inherent capacity for 
self-regulation, self-learning, 
and the importance of 
healthy lifestyle choices

Relapse prevention Pain coping skills, support 
groups, family 
interventions, caregiver 
support/education, 
breakthrough pain rescue 
planning
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and there is a maximum. Within this window of physicality is the 
domain of exercise and conditioning. Outside of this window is the 
realm of atrophy and injury.

In 2003, the Center for Disease Control (CDC) presented 
information on over 200,000 individuals in the United States and 
found less than half engage in activities that fulfi ll the CDC’s min-
imal recommendations for exercise (88). Females were signifi cantly 
less active than males, and their activity levels were also found to be 
progressively lower with age (89).

Exercise signifi cantly enhances physical and psychological 
health (90–91), contributes to antidepressant and anxiolytic effects 
(92–97), and benefi ts sleep (69,90). Prescriptive exercises can begin 
to teach the patient to think about health-oriented behaviors. 
Exercise affects posture, balance, fl exibility, strength, and coordi-
nates movement to promote the optimal structure and function. 
Over time, exercise promotes lessening of tension and stress as the 
patient learns to support their own health. This has impact on the 
Respiratory/Circulatory, and Metabolic/Energy systems.

Metaregression analysis found the best outcomes for exercise 
incorporating the following elements (98):

■ Individualized regimens
■ Supervision
■ Stretching
■ Strengthening

When exercise included these features, compared to no treatment, 
pain scores went down nearly 20% and functions scores improved 
by 60%! The standard exercise course includes educating the 
patient, clearly defi ned goals, a program of 30 minutes performed 
twice daily and beginning with low-stress activities (walking, 
aquatic exercise, stationary bike with rest breaks), and encouraging 
self-management. (99).

Relaxation exercises can also be taught along with exercise 
when anxiety, fear of movement or pain, and chronic muscle ten-
sion interfere with performances (100–102).

OMT can provide further solace and comfort while the patient 
is in your hands (102,104). It is likely that maladaptive pain states 
can be partially characterized by excessive suffering (105). To this 
end, making the patients calm allows the intrinsic systems to func-
tion more optimally.

Suffering can be relieved, at least temporarily. The reduction 
of suffering is part of the process of altering pathologic activity in 
the limbic and autonomic domain. Once the lack of value of suf-
fering has been realized, like getting the attention of those around, 
including caregivers and health professionals, its value quickly 
diminishes.

Osteopathic medicine is at its most essential level a mechanism 
for changing pain-related behaviors (116,117). From the OMT 
effects on segmental, regional, and global neuromusculoskeletal 
activity, to its calming limbic and autonomic effects, it is attempt-
ing to change behaviors. At the whole-person level, OMT affords 
the patient an opportunity to feel better. Even if only transient, 
OMT permits the patient a glimpse of their capacity for having 
less pain.

Educating the patient to gain understanding and self-manage pain 
is therapeutic. Enabling the patient to understand their pain gen-
erators and pain management strategies allows a patient to self-
manage their symptoms. The patient is empowered by accurately 
understanding the causes, treatments, and prognoses relative their 
pain. This is education.

Active listening skills (see Part II: Approach to Patient) and 
sound advice can help the patient maintain a reality-based expecta-
tion for course and outcome. Patient education can be conducted 

one on one, but is typically carried out in small group sessions (eight 
to ten patients). Clinical trials show this group model helping to 
increase activity levels and effectively applying pain self-management 
skills (106). In addition, pain support groups are an extremely pow-
erful and low-cost strategy for educating large numbers of patients 
with chronic pain (107). The goal is to help patients cope with 
and adjust to their pain and condition. In support groups, patients 
reconceptualize the meaning of their pain, their cognitive and 
emotional appraisals, and problem-solving strategies (108). They 
review how their pain impacts themselves and their lifestyle and 
identify the events in the environment that reinforce their pain 
behaviors and musculoskeletal reactions. If not taught in a group 
therapy model, the following concepts form at least an outline for 
teaching coping strategies within the doctor–patient relationship. 
These concepts are also the foundational ideas for the advice given 
to the pain patient on how to think about and manage their pain 
(37). Patients who have to “live with their pain” are taught to hold 
the following ideas as true:

 1.  My pain is real. It occurs in my body, I have a reaction to it 
in my head.

 2.  I accept that I may need, outside help to control my pain, and 
I refuse to quit or give in to the pain and the deterioration it 
causes.

 3.  At times my pain has had an overwhelming infl uence on my 
life, but I believe that I can choose how I react to it.

 4.  My best efforts and those of the medical community have not 
stopped my pain. This is not necessarily a fault of mine or a 
shortcoming of medicine. I will no longer fi ght with myself 
about this or blame medicine. No fi ght, no blame.

 5.  I will recognize some aspects of my coping with pain that I 
am doing well, and will also admit to myself mistakes that I 
have made.

 6.  I will forgive myself unconditionally for my past mistakes and 
forgive others whom I perceive are responsible for my pain 
and troubles.

 7.  I will fi x any mistakes I’ve made struggling to live with the 
pain.

 8.  I will go forward with hope that the pain will someday pass 
or be relieved; and, at the same time, recognize that I have to 
cope with the pain that I have.

 9.  I will strive for higher goals, making pain a side issue, to be 
managed as necessary.

10.  I now recognize there is more to my life than struggling with 
pain.

11.  With this knowledge, I will separate myself from my pain 
management program or doctor, with the complete under-
standing that I may return at any time.

12.  I understand that I have more important goals in my life than 
coping with pain and I will strive toward them as my mission.

Remembering that “Pain runs in front of the skillful surgeon’s scal-
pel or anesthesiologist’s needle;” a laudable goal, if possible, is to fi nd and 
block nociception.

To control acute pain, anesthetic blockade of neural transmis-
sion to virtually any part of the body can temporarily be achieved 
by direct application of local anesthetics (nerve blocks), such as 
procaine, lidocaine, tetracaine, or bupivacaine. In some severe 
cases, substances that destroy neural tissue can be injected (neuro-
lytic block) in an effort to permanently obliterate the neural trans-
mission mechanisms.

Diagnostically, nerve blocks determine specifi c pathways 
of involvement that aid in the differential diagnosis, of the site 
or transmission mechanisms, of a given pain. Prognostically, 
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they partially predict the probable effectiveness of neurolytic or 
neurosurgical procedures. Interestingly, the pain-relieving effects 
of local anesthetics can often exceed the duration of the chemical 
blockade of neural transmission. The reason for this is not com-
pletely understood. It might be a result of decreasing sympathetic 
refl exes and skeletal muscle tension. Perhaps it results from the 
creation of pain-free time during which the patient can restruc-
ture their cognitive and emotional processing routines or learn new 
behavior patterns that help in coping with pain. The treatment of 
acute pain adequately may help prevent some cases of chronic pain. 
For example, the use of topical anesthesia before starting an IV, the 
use of adequate local anesthesia before an invasive procedure, the 
use of nitrous oxide with dental procedures, all represent ways of 
preventing the unnecessary experience of pain.

Treating the symptom (nociception) alone rarely leads to last-
ing results. Dysregulation in the MINE systems, and pain-induced 
changes in thinking, feelings, and behaviors must be addressed, 
often in an interdisciplinary team approach.

In some cases, chronic pain medication can be seen as a helpful mea-
sure. Chronic pain requires chronic care. Medications for chronic pain 
involve three main categories:

1. Nonopioid analgesics: aspirin, salicylate salts, acetaminophen, 
and nonsteroidal anti-infl ammatory drugs (NSAIDs)

2. Opioid analgesics
3. Analgesic adjuvants

These drugs are prescribed according to the World Health Orga-
nization’s analgesic ladder (108). It involves choosing among 
these three groups based primarily on pain intensity. Many mild-
to-moderate acute pains readily respond to nonopioid analgesics 
alone; they are the obvious fi rst choice. Some moderate-to-severe 
pains may require combining the nonopioid analgesics with a low-
dose opioid preparation, the second step in the analgesic ladder. 
The third step is the addition of a time-released opioid preparation 
to the nonopioid analgesics. At any of these three steps, analgesic 
adjuvants might also be useful.

The APS and the IASP outline a number of important con-
cepts to remember when choosing drugs to manage chronic pain:

 1.  Analgesia should be integrated into a comprehensive patient 
evaluation and management plan.

 2.  The emotional and cognitive aspects of pain must be recog-
nized and treated.

 3. Individualize route, dosage, and schedule.
 4.  Administer analgesics on a regularly predetermined time 

schedule.
 5. Recognize and treat side effects.
 6. Do not use placebos to assess nature of pain.
 7. Watch for development of tolerance.
 8. Use analgesic adjuvants.
 9. Block pain transmission whenever possible.
10.  Consider a multimodality approach that applies both pharma-

cologic and nonpharmacologic therapies.

These organizations are a constant source of updated information 
on the rapidly changing pharmacologic knowledge base regarding 
pain control with drugs. (See the section “Resources” at the end of 
this chapter for contact information.)

It is important to remember, that for chronic pain, manage-
ment with medication “as needed” is often insuffi cient. Adequate 
management of ongoing pain is better accomplished using time-
contingent, long-acting medications with adequate medication for 
breakthrough pain (118). This also frees the patient from constantly 
thinking about how much pain they have and wondering if and 

when they should be medicating. This therefore is another example 
of the potential use of preventive pain management principles.

When narcotics are a part of the medication regimen espe-
cially at the end-of-life care (119,120), special communication 
and contracting between physician and patient also becomes nec-
essary. Monitoring benefi ts, side effects, and possible inappro-
priate drug use becomes a part of the standard osteopathic pain 
management (121). Finally, one must remember that opioids can 
also activate pronociceptive mechanisms creating opioid-induced 
hyperalgesia (129) through distinct cellular mechanisms such as 
spinal dynorphin, glutamatergic activity, and descending facilita-
tion (125,126). Diminished opioid analgesic effi cacy may be opi-
oid tolerance, increased nociception, and/or opioid-induced pain 
sensitivity (127). These complex pain management patients may 
require opioid rotation, adding adjunctive medications, combin-
ing an NMDA-receptor antagonist, or a trial of opioid tapering 
(126–129).

Interdisciplinary rehabilitation is the osteopathic standard of care 
for complex chronic pain management. The APS and the American 
College of Physicians recently released the clinical practice guide-
lines for treating back pain, and recommended interdisciplinary 
rehabilitation and exercise therapy for chronic LBP patients (99). 
The advantages and benefi ts of an interdisciplinary approach to 
managing pain, especially when it is chronic, are well documented 
(81). Treatment in interdisciplinary pain rehabilitation programs is 
considered the premier treatment for chronic pain (82,106,124). As 
reported by Flor et al. (73), behavioral outcomes, including return 
to work, were signifi cantly better, for interdisciplinary, compared 
with unimodal treatments. Their analyses extend these fi ndings 
by demonstrating that interdisciplinary treatments were superior 
to other treatments at improving work-related outcomes at both 
short-term and long-term follow-up. Using local treatments to 
reduce noxious stimulation can be multidimensional. Physical 
measures such as heat and cold, topical agents, local injections of 
anesthetics, acupuncture, and electrical stimulation (TENS) all can 
be seen as affecting nociception locally. Systemic medications that 
have local effects include NSAIDs, narcotics, channel and recep-
tor blockade (sodium, calcium, glutamate), and the expanding list 
of anti-infl ammatory agents targeting recently discovered elements 
of the infl ammatory cascade (tumor necrosis factor, leukotrienes, 
interleukins, etc.) As the nociceptive signal is processed rostrally, 
additional sites of intervention become available.

OMT throughout the stages of treatment, as a strategy, can 
address primary causes and secondary manifestations, and in so 
doing, can enhance healing capacity. It fosters an individualization 
of treatment designed to infl uence health restoration, recovery, and 
disease prevention. Using palpatory, diagnostics, and therapeutics, 
the customized therapeutic program can be furthered.

Special considerations arise when there is damage to the 
peripheral or CNS. The traditional treatments may be less effective 
as the nature of the pathophysiology is different. Peripheral block-
ade with local anesthetics, affecting sodium channels, anticonvul-
sants with effects on glutamate and NMDA transmission, SNRI 
antidepressants, affecting NE and 5-HT, opiates, and all the rest 
are possibly well-timed, coordinated options in an evolving inter-
disciplinary treatment plan.

In this interdisciplinary model, the patient, as leader, in part-
nership with the physician creates a health care team. Through the 
use of appropriate consultants and caregivers, coordinated pain man-
agement can be delivered. Consulting physicians in pain manage-
ment, anesthesiology, psychiatry, osteopathic manipulative medicine, 
physiatry, orthopedics, neurosurgery, general surgery, gynecology, 
oncology, EENT, neurology, internal medicine, endocrinology, 
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immunology, pharmacology, addictionology, behavioral medicine, 
sleep medicine, or any other subspecialty required is part of the 
process of team building. Coordinated nursing services are also 
appropriate when medical acuity or complexity requires a pro-
tracted need for health services. This includes patients hospital-
ized in pain centers, outpatient pain management centers, primary 
care–based pain management programs, and medical appliance–
related health care (intrathecal or epidural pumps, implanted brain 
and spinal cord stimulators, etc.).

The fact that anything ever heals is a reminder of the miracle 
of life.

From a simple paper cut that heals without much thought to a 
pelvic fracture that requires surgery and thoughtful rehabilitation, 
there is represented a spectrum of the ongoing manifestation of 
one of Osteopathy’s guiding principles. A broken bone is likely to 
heal relatively quickly in a healthy person. A sprained ankle might 
take longer to heal if the patient is misbehaving or suffers with 
comorbidities that interfere with healing. A more serious injury, 
with greater tissue injury, or with more systems or sites of involve-
ment is likely to take longer to rehabilitate, even in a healthy per-
son. Most healing is less than perfect, leaving its mark, a scar, a 
memory on the mind, on the body and on the spirit.

By integrating the fi ve models, the osteopathic perspective seeks to 
restore optimal structural and functional relations. A comprehensive 
palpatory examination and a review of psychological factors is 
required for chronic pain management (43). We know the neuro-
musculoskeletal system is the primary source of a number of neck, 
low back, spinal, and extremity pain problems. Here, again, is a 
setting where OMT can be of particular therapeutic value.

Recently, the APS and the American College of Physicians 
clinical practice guidelines recommend heat, spinal manipulation, 
and time to allow the natural healing processes to occur (83), as 
mainstays for treatment of LBP. Neck and low back syndromes 
are often related to disturbances of muscle, tendon, ligament, joint 
capsule, joint, or disc. Appropriate use of OMT can encourage 
healing and health maintenance. Other examples exist (see Part 
III: Problem-Based Osteopathic Patient Management). By opti-
mizing structure and function the patient course can be positively 
affected.

In chronic pain states, whether primary or secondary, there 
are always manifestations of somatic dysfunction, compensatory 
structural adaptations, and altered sense of self-confi dence for 
healing. OMT, at this level, is useful by promoting afferent reduc-
tion through direct and indirect techniques, muscle relaxation, and 
improved mobility. This includes attempts at balancing muscle 
tension and identifying and treating pain generating compensa-
tory musculoskeletal processes. For example, a patient with a limp, 
from a musculoskeletal or neurologic pathology, may secondarily 
develop LBP. Treating the back pain helps treat the compensatory 
process and may suggest preventive strategies. This treats aspects of 
the pain arising remotely.

When there is ongoing tissue damage or infl ammation, efforts 
to reduce the destructive or infl ammatory process is a fi rst step 
in pain management. This might include OMT, medications, 
systemic and topical, physical modalities like, heat, cold, traction, 
compression, TENS, acupuncture, biofeedback, rest, and position-
ing for comfort. This leads to general recommendations regard-
ing behaviors best suited to recuperation. This can include specifi c 
exercises and restrictions, both for daily life and work. It would 
include advice about sleep and rest requirements. It might invoke 
a conversation about nutritional optimization as it relates to well-
ness. This includes a discussion of supplements, foods, herbs, and 
medications.

Medications have a role in helping the body manage its 
nociceptive load. Anti-infl ammatory agents, immunosuppressants, 
glutamate antagonists and NMDA receptor antagonists, opiates, 
NSRI antidepressants, topical anesthetics and anti-infl ammatory 
agents, even intrathecal and intraventricular administration of 
medication may be useful depending on the circumstance.

There are times when surgical intervention, removing the 
infl amed gallbladder, decompressing the nerve root, etc., is the 
clear and best option. Anesthesiologic interventions like trigger 
point injections, nerve blocks, sympathetic blocks, even spinal 
cord stimulators can be of selective utility. Now, we also have deep 
brain stimulation as an extreme option for extreme circumstances. 
Surgical procedures can infl uence the suffering aspect of pain and 
leave the pain experience otherwise intact. Through ablation and 
deep brain stimulation of structures like the thalamus, hypothala-
mus, and amygdala, this can be accomplished. Due to its invasive 
nature, it is usually reserved for patients with malignant clinical 
courses. Still it is the patient who must be up to the healing process 
(Table 16.11) to fully benefi t. (For an excellent review of presurgi-
cal psychological screening and pain outcome (109) ).

The ultimate goal of chronic pain management is, “Wellness,” fos-
tered by self-regulation, self-healing, and health maintenance. This 
notion of wellness refers to the balance and recuperative capacity of 
an individual (Fig. 16.5). It takes into effect inherited constitution, 
acquired conditions through illness, injury, and abuse, as well as the 
restorative and healthful aspects of an individual. Their nutrition, 
exercise regimen, sleep habits, state of mind, support system, and 
willingness to enter into health-oriented partnerships with doctors 
and others help determine their reservoir for health (123). This 
includes their ability to recover from or successfully live with a vari-
ety of chronic conditions. It refl ects the vulnerability of any given 
individual to develop pathology in response to a variety of stressors. 
These pathologies can manifest as organ pathology, musculoskel-
etal dysfunction, and/or system dysregulation.

Osteopathic chronic pain management is a true art and true sci-
ence. Chronic pain, like so many other conditions, cannot be cured. 
Patients can learn to live successfully in spite of chronic pain. This 
requires the patient and practitioner forming a therapeutic alliance; 
a partnership for health. In this context, medical investigations 
can be conducted, psychologic and sociologic information can be 
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Psychological Factors that Interfere with 
Pain Relief

Number of failed surgeries

Length of pain duration
History of smoking/alcohol overuse/medication 
failures
Job dissatisfaction/disability payments
Unhealthy food choices/obesity
Stress, anxiety, fear or panic associated with pain
Personality disorders, hypervigilance, somatization
Catastrophic misinterpretations of bodily sensations
Fear of movement, lack of exercise
History of physical, emotional, sexual abuse
Insomnia, nonrestorative sleep
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FLICKERING
QUIVERING
PULSING
THROBBING
BEATING
POUNDING

JUMPING
FLASHING
SHOOTING

PRICKING
BORING
DRILLING
STABBING
LANCINATING

SHARP
CUTTING
LACERATING

PINCHING
PRESSING
GNAWING
CRAMPING
CRUSHING

TUGGING
PULLING
WRENCHING

HOT
BURNING
SCALDING
SEARING

TINGLING
ITCHY
SMARTING
STINGING

DULL
SORE
HURTING
ACHING
HEAVY

TENDER
TAUT
RASPING
SPLITTING

        PPI
NO PAIN
MILD
DISCOMFORTING
DISTRESSING
HORRIBLE
EXCRUCIATING

NAGGING
NAUSEATING
AGONIZING
DREADFUL
TORTURING

COOL
COLD
FREEZING

TIGHT
NUMB
DRAWING
SQUEEZING
TEARING

COMMENTS:

SPREADING
RADIATING
PENETRATING
PIERCING

ANNOYING
TROUBLESOME
MISERABLE
INTENSE
UNBEARABLE

WRETCHED
BLINDING

PUNISHING
GRUELLING
CRUEL
VISCIOUS
KILLING

FEARFUL
FRIGHTFUL
TERRIFYING

SICKENING
SUFFOCATING

TIRING
EXHAUSTING

BRIEF
MOMENTARY
TRANSIENT

RHYTHMIC
PERIODIC
INTERMITTENT

CONTINUOUS
STEADY
CONSTANT

E = EXTERNAL
I  = INTERNAL
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4
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6
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8

9
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2
3
4
5
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McGILL PAIN QUESTIONNAIRE

PATIENT’S NAME

PRI: S
(1-10) (11-15) (16) (17-20) (1-20)

A E M

DATE TIME AM/PM

PRI(T) PPI

The descriptors fall into four major groups: sensory, 1 to 10; affective, 11 to 15; evaluative, 16; and miscellaneous, 17 to 20. The rank value for each descriptor is based on its position in the word set.
The sum ofthe rank values is the pain rating index (PRI). The present pain intensity (PPI) is based on a scale of 0 to 5. Copyright © 1970 Ronald Melzack.

Figure 16-5 McGill Pain Questionnaire.
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gathered, all in an effort to educate the patient and the practitioner. 
Treating begins by educating the patient about their unique con-
stitutional predisposition, heredity, effects of trauma and illness, 
and lingering learned behavioral/neurophysiologic traits on how 
they contribute to their burden of pain. Then, in healing fashion, 
this information is slowly reformulated into a workbook of health-
restoring activities. This workbook includes counsel on nutrition, 
exercise, rest and sleep, and mental attitude. This advice is included 
with recommendations regarding traditional medical care, tradi-
tional osteopathic manipulative medical care, and whatever care of 
the future whose evidence-based value is yet to be proved.

With our growing knowledge of the MINE correlates of 
chronic pain experience and behavior, we can offer a more com-
prehensive, individualized program for traveling toward wellness. 
Whether it is nanobot delivery/repair systems or new biochemi-
cally targeted molecules, we are prepared to critically evaluate 
biomedical research of the future, as well as the past and present. 
Utilizing the osteopathic precepts of self-healing and a self-contained 
medicine chest, we and our patient are drawn toward interventions 
that encourage the expansion and enhancement of these inherent 
capacities.

Recognizing the primacy of structure/function reciprocity and 
having the neuromusculoskeletal system readily accessible for eval-
uation enable osteopathic physicians to enjoy unique access to bio-
logically relevant physical diagnostic information, thereby creating 
a more complete patient-centered evaluation. As a logical corollary, 
it also allows an avenue of OMT intervention that is uniquely well 
tailored and therapeutically useful to the chronic pain patient.

Pain management tests the skills of all physicians. Whether it 
is the symptom of acute pain or the disease of chronic pain, proper 
management is dependent on proper assessment. The more mul-
tifactorial and biopsychosocial the evaluation can be and the more 
comprehensive and patient focused the treatment plan, the greater 
the decrease in reported pain scores and the better the QOL at 
2-year follow-up (81–85). Being comprehensive and incorporat-
ing the fi ve models (see Chapters 1 and 5) assures the patient feels 
heard and thoroughly understood. At many levels, the patient feels 
“touched” by the osteopathic physician.

As an important aside, this collaborative doctor–patient relation-
ship allows the osteopathic physician to participate in the patients’ 
healing process and in so doing to help to heal themselves. Physi-
cians are certainly not immune to the problems of chronic pain. In 
this way, the focus of caring for one’s self is encouraged, which is gen-
erally not well supported at the professional or institutional level.

In summary, the physician’s goal is to restore both physical 
functioning and adaptive musculoskeletal responses through the 
simultaneous use of physiological and psychological interventions 
(110). When managing chronic pain, it is routine to use osteo-
pathic manipulative techniques (104), exercise, sleep, nutritional, 
and psychological counseling. Combining the fi ve models into a 
comprehensive treatment approach increases the chances of a suc-
cessful outcome (103,111). A treatment plan that simultaneously 
addresses the biological, psychological, and social factors of chronic 
pain is more likely to succeed and decreases chronic pain percep-
tion and behavior (111–114).

Pain is the most common element in the symptoms presented 
to physicians. But as so eloquently stated by John Loeser (105):

It is suffering, not pain, that brings patients into doctor’s offi ces in 
hopes of fi nding relief. Astounding developments in our under-
standing of the mechanisms of nociception should not cause us 
to lose sight of our patients’ goals. Chronic pain is far more than

a sensory process. We must maintain the biopsychosocial model 
of chronic pain if we are to provide effective health care to our 
patients. Understanding the components of pain facilitates this 
goal. Suffering is an emergent property of the human brain and 
is dependent upon consciousness. It too is worthy of study by 
scientists and of concern to clinicians.

Successful management of chronic pain depends on much more 
than knowledge. Knowledge must be teamed with keen observa-
tion, patience, and compassion. Many physicians have come to 
believe that treating chronic pain and suffering, with all its biopsy-
chosocial elements, refl ects both the true art and the true science of 
osteopathic medicine.

This is truly a labor of body, mind, and spirit.
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Psychoneuroimmunology—Basic 
Mechanisms
DAVID A. BARON, ROSE J. JULIUS, AND FRANK H. WILLARD

INTRODUCTION

Psychoneuroimmunology (PNI) conceptualizes the brain, endocrine, 
and immune functioning as an interactive supersystem. As Rubinow 
fi rst pointed out (new ref ), the immune, neuroendocrine, and cen-
tral nervous systems (CNSs) are all stimulus-response systems that 
are similar in the functions they subserve and tightly integrated 
in their actions. The reciprocal regulatory effects of these systems 
provide a basis (but not proof ) for the belief that brain-behavior-
endocrine-immune interactions are clinically relevant and not 
reducible to characteristics of component systems.

At the core of PNI research is a demonstration of the inter-
connectedness of the body, mind, and behavior, and its impact on 
health and disease. Basic PNI principles stress the hardwiring of 
emotions to the body’s physiologic functions. The CNS, autonom-
ics, the endocrine, and the immune system all contribute to the 
body’s inherent work in regulating and trying to maintain homeo-
stasis. Pert et al. (2) fi rst suggest that the intimate integration of 
these three systems warrants their consideration as a single system. 
All three systems can function as sensory and effector organs, rec-
ognizing foreign antigen and other incoming physiologic signals. 
All three also transmit signals as part of their basic function. The 
immune response can be modulated by input from nervous and 
neuroendocrine systems. The high degree of similarity and inte-
gration between these systems is sensible due to the fact that their 
common task is to preserve homeostasis and assure consistency and 
integrity of body cells and tissues, for which integration and regula-
tory redundancy is an obligation (1). The more research elucidates 
the mechanisms through which these complex systems interact, 
the further advances can be made in the diagnosis and treatment of 
disease and in the promotion of health.

HISTORY OF PSYCHONEUROIMMUNOLOGY 
RESEARCH

Despite centuries of interest, clinical observation, and anecdotal 
reports, research on the complex interactions between the CNS, 
the endocrine, and the immune system has only taken place in 
modern medicine. This in part is due to the lack of an understand-
ing of the complexities of immune functioning and limited avail-
ability of biologic probes to observe and measure the impact of one 
system on another. Walter Cannon, a physiology professor at Har-
vard University, coined the term homeostasis to refl ect the need of 
the organism for regulation and balance of all its systems. He con-
ducted research with animals, noting that affective states such as 
psychological distress, anxiety, and rage were associated with cessa-
tion of the movements of the stomach. His fi ndings were published 
in 1911 in a book titled The Mechanical Factors of Digestion. Hans 
Seyle would continue to expand on Cannon’s early work, study-
ing the physiologic adaptation of animals to stress. Through his 
research, he ultimately developed a clinical model for adaptation to 
stress, consisting of three stages: a brief alarm reaction, prolonged 
resistance, and a terminal stage of exhaustion and death (3).

George F. Solomon (4), M.D. ultimately coined the term 
psychoneuroimmunology in 1964, in his paper, “Emotions, Immu-
nity, and Disease: A Speculative Integration.” In this paper, Sol-
omon offers a theoretical explanation of how emotional states 
can diminish immunocompetence, ultimately resulting in physi-
cal disease. These speculations were of signifi cant interest to the 
mental health community. However, they did not enjoy a similar 
level of acceptance by the medical community as a whole and 
especially not by immunologists. Without data derived from well-
controlled research studies, the consensus was that something as 

K E Y  C O N C E P T S
■ Psychoneuroimmunology (PNI) is the study of the interaction between psychological processes, the nervous 

system, and the immune system of the human body.
■ While clinical observations have noted the dynamic interplay between the nervous, endocrine, and immune 

systems in homeostasis regulation and stress adaptation, it was not until the 20th century that research has 
formally investigated these mechanisms.

■ Osteopathic philosophy and principles emphasize the unity between the structure and the function of multiple 
body systems. The osteopathic physician is best suited to appreciate and study the interplay between the different 
systems of the body and behavior, health, and disease.

■ Understanding the basic functions and mechanisms of the HPA axis, the central and peripheral nervous systems, 
is key to elucidating the processes through which the PNI systems integrate to affect health and disease.

■ Stress impacts the body’s endocrine, immune, central, and peripheral nervous systems, with direct influences on 
individuals’ health and disease susceptibility. Furthermore, stress reduction can improve overall health and 
well-being.

■ Depression and anxiety symptoms are commonly comorbid with many chronic physical diseases. These psychiatric 
symptoms can complicate the physical illnesses and increase morbidity and mortality. The osteopathic physician 
should maintain a low threshold for treatment of depressive and anxiety symptoms.

■ Many somatic illnesses have behavioral and psychological manifestations. The osteopathic physician should 
be aware of these in order to properly diagnose and treat patients.
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etiology and treatment of the patients treated at the clinic. 
Essentially, a broad-based appreciation of inextricable structural 
and functional relationships between somatic dysfunction, hor-
monal systems, central and peripheral nervous system, and resultant 
mood and behavior formed the rationale for explaining symptom 
onset and treatment interventions. The idea that the brain could be 
the target organ of hormonal fl uctuation occurring in other parts of 
the body would later be described as hormonal neuromodulation.

PSYCHONEUROIMMUNOLOGY MECHANISMS

PNI mechanisms are founded on some core clinical observations 
and research fi ndings:

■ The autonomic nervous system, particularly the sympathetic ner-
vous system (SNS), directly innervates lymph organs and tissues. 
The SNS can change blood fl ow/supply to lymphoid tissue.

■ Immune cells have receptors for neurotransmitters such as nor-
epinephrine, which is released from sympathetic nerve terminals. 
This allows the SNS to directly affect immune functioning.

■ Immune cells also have receptors for hormones.
■ As elucidated by Pert, neuropeptides are present on the cells 

walls in the CNS as well as in the immune system (2).
■ Cytokines made by immune cells, such as macrophages, can 

directly act on the nervous system.
■ Cytokine receptors are expressed in the CNS as well as in the 

periphery.
■ Stress impacts the immune, nervous, and endocrine systems.

These clinical observations generate support for the idea that ner-
vous, endocrine, and immune systems can interact, in part, through 
neuropeptides and neurotransmitters and more generally that psy-
chological effects and physical health are intricately linked.

The structure and function of the HPA axis is thought to be 
central to the physiologic response of the body to stress, as its acti-
vation occurs in response to stress. Part of the HPA axis response to 
stimuli involves the release of cortisol, ACTH, and corticotropin-
releasing hormone (CRH). The stimulation and release of these 
mediators has CNS effects on arousal, sensory processing, stimu-
lus habituation, pain, sleep, and memory, and depends on whether 
the stressor is acute or chronic. Chronic increases in cortisol can 
also have multiple physiologic effects, including hyperglycemia, 
increased visceral adipose, increased blood pressure, decreased 
bone density, and increased lipids. The response of the HPA axis is 
also modulated by the autonomic nervous system, which works to 
maintain homeostasis through the sympathetic branch, regulating 
arousal, and parasympathetic branch, regulating relaxation. Often 
when the HPA axis is stimulated together with the SNS during a 
stressor, the result is a diminished immune response (8). Reactions 
of the HPA axis and the nervous system in response to stress have 
been demonstrated as risk factors for diseases such as viral infection 
and autoimmune diseases (9).

The HPA axis is also stimulated in the process of infl amma-
tion. Macrophages generate numerous proinfl ammatory cytok-
ines, such as interleukin (IL)-2, IL-6, IL-1, IL-10, tumor necrosis 
factor-a and interferon-gamma (INF-g), in response to stress. 
These cytokines in turn stimulate ACTH and cortisol secretion. 
These same cytokines are active in the brain and the periphery. 
When cytokines are released in response to stress and infl am-
mation, the effect on the body is weakness, malaise, sleep and 
appetite disturbances, and diffi culties with memory and con-
centration. Proinfl ammatory cytokines also cause serotonin lev-
els to be decreased within the CNS, by increasing its enzymatic 
turnover (10).

imprecise and variable as emotion could not impact on a seemingly 
hard-wired physiologic process like immune function. No reason-
able explanation existed for how these systems could communicate 
with each other.

Despite repeated reports of illness following a signifi cant 
stressor, nothing more substantial than observation and anecdotal 
reports existed to convince the nonbelievers. Ader (5) made an 
accidental fi nding that immunosuppression could be classically 
conditioned in mice, by pairing taste aversion (saccharine) with an 
immunosuppressive medication (cyclophosphamide). He condi-
tioned rats by using saccharine combined with cyclophosphamide. 
When given to the rats, the elixir induced nausea and suppressed 
the rats’ immunity. Ultimately, Ader gave the rats saccharine 
alone, and this neurologic signaling via taste was able to stimulate 
immune suppression. These fi ndings ignited research interest in 
PNI. For the fi rst time, direct evidence demonstrated the potential 
for external manipulation of the immune system. Intriguing ques-
tions followed. If immunologic response could be behaviorally con-
ditioned to turn off, could it be conditioned to turn on? Could this 
help explain why the patient, who shortly after giving up the will 
to live, dies or conversely why some patients refuse to succumb and 
ultimately defy the odds to survive life-threatening illness? These 
and related questions stimulated PNI research.

In addition to stress-induced immune suppression, altered 
immune functioning has been reported in patients with mood 
disorders and other psychiatric syndromes. The Greek physician, 
Galen, reported the relationship between clinical depression and 
physical illness in the second century c.e. He observed that mel-
ancholic (depressed) women were especially susceptible to breast 
cancer. In an effort to replicate and further explain this observation, 
Levy et al. (6) measured natural killer (NK) cell activity (a mea-
sure of immune function) and psychological stress in women with 
breast cancer. They found NK activity to be a reliable and valid 
predictor of the patient’s prognosis relative to their lymph node 
status. In a separate study, these same authors reported that 51% 
of baseline NK activity changes could be accounted for by assess-
ing a patient’s adjustment to diagnoses, depressive symptoms, and 
perceived lack of social support. They concluded, based on multiple 
clinical trials, that differences in NK cell activity and overall prog-
nosis could be predictably determined by assessing baseline stress, 
as measured by emotional adjustment, depression or fatigue, and 
lack of social supports.

Alterations in immune function were demonstrated in patients 
with psychotic illnesses as early as the 1940s (7). Early studies in 
the 1970s also reported an increase in the prevalence of herpes sim-
plex virus in patients with psychotic depression when compared 
with age-matched nondepressed controls. Unfortunately, these 
early studies did not monitor any specifi c immune parameters. 
This research and fi ndings would be replicated in a similar fashion 
in future PNI research as it applies to stress, mood disorders, and 
clinical outcomes.

OSTEOPATHIC PHILOSOPHY AND 
PSYCHONEUROIMMUNOLOGY

The concept of PNI was the central theme of A.T. Still’s original 
theories that formed the basis of the Osteopathic philosophy. Still 
was ahead of his time in postulating that the body communicated 
with itself and that the CNS was integral to the somato-visceral, 
visceral-somatic response. Still opened the fi rst Osteopathic psy-
chiatric hospital, the Still-Hildreth Clinic in Missouri in 1916. 
Although not yet recognized as an area of clinical investigation 
at that time, core PNI concepts were prominent in the proposed 
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PNI investigators. Researchers at Temple University’s Center for 
Substance Abuse Research have reported provocative fi ndings sug-
gesting chemokines function as neurotransmitters within the CNS 
(22,23). These fi ndings further demonstrate how emotional stress, 
which impacts the immune response system including chemok-
ines, may directly affect central neuronal functioning via synaptic 
transmission modulation. As this area of investigation continues to 
progress and the extant literature grows, a critical question is the 
direct impact of emotional stress on physical health. When does a 
down-regulation of immunocompetency result in the actual onset, 
of exacerbation, of disease? How much of an immune alteration is 
required before susceptibility to physical illness is more likely to 
occur? Translational research in this area has yet to answer these 
highly relevant clinical questions. The answer is most assuredly as 
complex as the interaction between stress and immunomodulation. 
The intricate nature of this interaction is further complicated by 
epigenomic phenomena and the concept of context dependency. In 
addition, recent preclinical investigations have demonstrated that 
stress resilience is biologically mediated, but can be altered through 
nonbiological interventions. This was highlighted by Meili and 
colleagues who discovered stress resilience in rat pups could be 
altered as a result of maternal overgrooming. The overgroomed 
pups not only increased their stress resistance but also bred more 
stress-resistant pups themselves compared to genetically similar 
siblings.

Psychological distress arises when a person perceives that 
imposed demands have exceeded their ability to cope with them. 
There is a signifi cant physiologic response to stress, and this 
response further impacts the ability to cope both physically and 
psychologically with the stressor. The response also directly impacts 
an individual’s objective physical and mental health, with effects 
on disease incidence, morbidity, and mortality. Early PNI research 
using animal models linked stress with acute infections and infl am-
mation. Rasmussen et al. (24) and others found that mice subjected 
to psychological stress were at increased risk of developing herpes 
simplex virus infections. Amkraut et al. (25) and others also dem-
onstrated that psychologically stressed rats were more susceptible 
to developing adjuvant-induced arthritis.

Specifi c immunologic mechanisms have been demonstrated to 
mediate the body’s immune response to stress. In the early 1980s, 
Kiecolt-Glaser published a series of prospective studies examin-
ing the effects of emotional stress on the function of the immune 
system. Kiecolt-Glaser et al. (26) measured NK cell activity, 
g-interferon (INF-g) production by lymphocytes, stimulated with 
concanavalin A and mitogen responses in medical students prior 
to important examinations. Medical students stressed by examina-
tions had poorer immunity and were thus susceptible to active her-
pesvirus infection (27). The results of these studies demonstrated 
that emotional stress did in fact have a measurable negative effect 
on the immune system. NK cell activity has been further studied by 
many as a key factor in the body’s response to stress and infection. 
A robust response should be seen in NK cell activity when patho-
gens and/or non–self-entities are recognized by the body. Numer-
ous studies have demonstrated a decrease in NK cell activity in 
response to severe life stress (28).

Would the results from research in acute infections and stress be 
similar in studies of patients with chronic illness? Castes et al. (29) 
conducted a prospective study of 35 asthmatic children to evalu-
ate the impact of a psychosocial intervention on immune function. 
The immune measures studied were NK cell number and activ-
ity, IL-2 (30), and leukocyte affi nity for IgE receptors (an impor-
tant marker related to asthma attacks). Clinical outcomes assessed 
included the number of asthma attacks, use of bronchodilators, 

The HPA axis, the nervous system, and the interaction of the 
two are disturbed in disorders of chronic infl ammation, such as 
rheumatoid arthritis and systemic lupus erythematosus (SLE) (11). 
Persistent infl ammation is linked with a multitude of diseases, 
including heart disease, arthritis, renal and pulmonary disease, 
diabetes, infection, and cancer. Cytokines and IL-6 stimulate the 
production of C-reactive protein (CRP), an important risk factor 
in heart disease (12). In fact, Ridker et al. (12) found a 2.6 increase 
in risk of death among individuals with high CRP and IL-6 levels. 
IL-6 and other infl ammatory cytokines have also been implicated 
in muscle wasting, osteoporosis, and arthritis. INF-a has been 
shown to increase anxiety-like behaviors in rhesus monkeys and to 
induce ACTH and cortisol (13).

CRH has been studied as another key mediator between the 
central nervous, endocrine, and immune systems. It is a major 
regulator of the HPA axis, the autonomic nervous system, and 
the immune system and is widely distributed in the brain and the 
periphery of the body. CRH dosed in the CNS has been shown to 
cause decreases in immune responses in numerous studies, including 
immunoglobulin M (IgM) and IgG levels (14–16). CRH receptors 
in the amygdala are associated with immune response (17).

In collaboration with the immune and endocrine systems, the 
nervous system is known to mediate the body’s response to stress in 
a multitude of ways. First, as mentioned above, autonomic nerves 
directly innervate lymphoid tissue, including the spleen. Second, 
lymphoid cells have B-adrenergic specifi c receptors. The SNS 
stimulates and potentiates immune responses to infl ammation 
and infection through b2 adrenergic receptors and neuropeptides, 
such as neuropeptide Y (18). Cole et al. (19) demonstrated that 
activation of the SNS accelerates HIV replication and progres-
sion. Wilder (20) demonstrated that sympathetic activity exacer-
bates arthritis in rats. Kuis (21) found that evidence for disturbed 
sympathetic activity in response to stress has a negative impact on 
juvenile idiopathic arthritis.

THE EFFECTS OF STRESS ON 
HEALTH AND DISEASE

The arrival of a good circus consisting of clowns is a greater benefi t upon 
the health of a town than that of twenty Asses laden with drugs.

—Dr. Thomas Sydenham

Throughout history, medical researchers and clinicians have 
observed and reported the effect of stress on health and disease. 
Stress impacts multiple body systems, the behaviors and the health 
of the individual, with implications for morbidity and mortality. 
Despite the general acceptance of this concept by health care pro-
viders, it is diffi cult to defi ne stress and its impact on health and 
disease. Early concepts focused on stress being a force of universal-
ity, acting on a passive body, with all organisms reacting in a similar 
way to the disruption. More modern concepts emphasize stress not 
as a universally experienced phenomenon, but rather that experi-
enced uniquely by every individual. Research to date has shown 
that an individual’s reaction to stress is dependent on a myriad of 
factors, including the type of stress, chronicity of the stress, genetic 
predisposition, health status, psychological factors, coping strate-
gies, and the interplay between all these variables.

The role of stress, the stress response, and health is a central 
concept in PNI research. The idea that emotional stress is a biologic 
phenomenon that has a modulatory effect on immune function-
ing, and ultimately health, has historically not been fully accepted 
by the medical community. Over the last few decades, signifi cant 
discoveries and clinically meaningful advances have been made by 
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time and improved immune function among patients enrolled in 
support and psychoeducation groups (41,42).

MOOD DISORDERS AND IMMUNE FUNCTION

A merry heart doeth good like a medicine but a broken spirit dries the 
bones.

—Galen

Immunologic alterations have been reported in a number of 
psychiatric disorders. Schleifer et al. (43) demonstrated that depressed 
patients have a decreased number of peripheral T cells compared 
with those of nondepressed control subjects. Their data suggest that 
the functional activity of lymphocytes, as well as the number of cir-
culating immunocompetent cells, is reduced in patients with clinical 
depression. They also speculate that the altered immune functioning 
in patients with depression might be related to the severity of their 
depressive symptoms. Indeed, patients with depression have also 
been found to have decreases in NK cell activity in several studies 
(44,45). Affective symptoms such as depression and anxiety appear 
to stimulate proinfl ammatory cytokines such as IL-6 (46).

Depression is a common comorbidity in many physical 
illnesses. Research has documented prevalence rates of depression 
among patients with a variety of chronic medical conditions, often 
higher than in the general population. Table 17.1 highlights these 
prevalence rates. Not only are many diseases associated with an 
onset of clinical depression and anxiety, but depression and anxiety 
symptoms themselves can be signifi cant risk factors for the pro-
gression of many diseases, with effects on morbidity and mortal-
ity (47). Depressive symptoms are associated with lower immune 
responses, such as lower T lymphocyte counts, along with higher 

and overall pulmonary improvement in pulmonary functioning 
during the psychosocial interventions, as compared to the six 
months before entry into the study. In fact, surface markers for IgE 
in the children receiving the psychosocial interventions became 
similar to nonasthmatic children. Smyth et al. (31) report simi-
lar fi ndings in adults with asthma and rheumatoid arthritis. These 
well-designed clinical trials offer preliminary data supporting the 
hypothesis that psychosocial stress can and does affect immune 
functioning and ultimately wellness.

A more recent view of the relationship between PNI and can-
cer by Kiecolt-Glaser (32) reports “substantial evidence from both 
healthy populations under stress as well as individuals with can-
cer associated psychological stress for immune deregulation and 
that stress may also enhance carcinogenesis and through altera-
tions in DNA repair and or apoptosis.” The study concludes that 
psychological and behavioral factors could infl uence the incidence 
and progression of cancer through psychosocial infl uences on 
immune function. Decreased NK cell activity has been recognized 
in patients with cancer under stress (33), and a reduced NK cell 
activity has been linked to diminished capacity to resist tumor 
suppression in animals.

Severity of the stressor is an important variable in terms of the 
body’s reaction to the stimulus. Loss of a spouse or other signifi cant 
other is considered one of the most severe psychological stressors. 
Research has demonstrated decreases in immune function, specifi -
cally mitogen-induced lymphocyte proliferation among individuals 
who have lost spouses (34,35).

Just as type of stressor is important to the overall response of 
the neuroendocrine system on the body, so too does the individual’s 
perception of and reaction to the stressor work in mediating the 
body’s response. Irwin et al. (36) demonstrated that the severity of 
affective symptoms in response to psychologic stressors correlates 
with the NK cell activity, that is, those with a greater severity of 
affective symptoms such as depression have greater decreases in 
NK cell activity. Greater levels of perceived stress and depressive 
symptoms have been shown to predict susceptibility to infection 
with viruses such as the rhinovirus (37) as well as delays in wound 
healing (11).

Chronicity of the stressor is also relevant to understanding the 
different physiologic responses on the body. One study showed that 
while an initial response to a stressor (in this study foot shock) 
is immune suppression, repeat exposure to the stressor elicited 
immune enhancement, and this process was mediated by central 
CRH (38). Other research demonstrates activation of the immune 
system in response to acute stress and an inhibition of immune 
responses under exposure to chronic stress. Chronic stress of caring 
for a loved one with Alzheimer dementia is associated with delays 
in wound healing and in long-term immune changes.

Since it is established that stress signifi cantly infl uences immu-
nity, an important next research question is Can stress-reduction 
mediate the body’s immune response? In one important study, students 
who were taught relaxation training had a signifi cant increase 
in NK cell activity compared to students who had not received 
stress-reduction training. This was the fi rst well-controlled clini-
cal human study that demonstrated evidence of immune enhance-
ment resulting from a psychological intervention (39). Not only 
did stress reduction improve immune response, but students who 
were not taught stress-reduction techniques self-reported an 
increase in infectious illness symptoms around exam time (24). 
These provocative experiments clearly demonstrated an effect in 
otherwise healthy subjects. Another study showed that relaxation 
interventions decreased infl ammatory response (40). Addition-
ally, research in cancer patients has demonstrated longer survival 

T A B L E  1 7 . 1

Prevalence of Depression in Patients with 
Comorbid Medical Illness

Comorbid Medical Illness Prevalence Rate (%)

Cardiac disease 17–27
Cerebrovascular disease 14–19
Alzheimer disease 30–50
Parkinson disease 4–75
Epilepsy
 Recurrent 20–55
 Controlled 3–9
Diabetes
 Self-reported 26
 Diagnostic interview 9
Cancer 22–29
HIV/AIDS 5–20
Pain 30–54
Obesity 20–30
General population 10.3

Source: Reproduced from Evans, DL, Charney, DS, Lewis L, et al. 
Mood disorders in the medically ill: scientific review and recom-
mendations. Biol Psychiatry 2005;58:175–189, with permission.
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concepts. For example, Stein (54) reports behavioral pathology 
and neuropsychiatric impairment of patients with autoimmune 
and viral conditions associated with SLE and multiple sclerosis 
(MS). In turn, stress can also aggravate the symptoms associated 
with many of these and other conditions. Stress has been shown to 
predict CD4 cell loss in HIV. Table 17.2 highlights some somatic 
pathology with psychiatric manifestations. It is important for the 
osteopathic physician to be especially mindful of these conditions 
in the assessment and diagnosis of patients.

HEALTH BEHAVIORS

Health behaviors clearly infl uence the physical responses of the 
body, with implications for health and disease. Behaviors such as 
tobacco smoking, drug dependence, and sleep deprivation have 
been shown to further decrease the body’s immunity independent of 
other factors such as depressive symptoms, and that many of these 
behaviors interact synergistically with depression to cause greater 
decreases in immunity than either factor alone (18). Chronic sleep 
deprivation may stimulate the SNS and the HPA axis (55). As well, 
partial sleep deprivation during a single night was demonstrated by 
Irwin et al. (56) to produce a reduction in NK activity. Kripke et al. 
(57) demonstrated increased mortality associated with poor sleep.

RELEVANCE OF PSYCHONEUROIMMUNOLOGY 
TO MEDICAL PRACTICE

Why is PNI an important topic for study? The implications of 
research in this area are paramount for the diagnosis and treat-
ment of patients with a myriad of chief complaints and diagnoses. 
Particularly, mental health issues are often ignored or viewed as 
unimportant for treating physically ill patients. Most of medi-
cal education focuses on the diagnosis and treatment of so-called 
organic pathologic conditions. Yet, PNI research underscores that 
all illness, regardless of whether its manifestation is physical or 
mental, is organic. Psychosocial issues, while often seen as separate 

rates of infection (9). La Via et al. (48) demonstrated that among 
patients with generalized anxiety, symptom severity was correlated 
with immune suppression and increased disability from upper 
respiratory infection. Severity of anxiety symptoms has also been 
associated with decreased NK cell activity (46).

Depression as a clinical syndrome, as well as depressive symp-
toms, has been shown to impact morbidity and mortality related to 
cardiovascular health. Cardiovascular disease risk is increased signifi -
cantly among patients with depression (47). Also, the prevalence of 
depression among patients with cerebrovascular and cardiac disease is 
higher than that in the general population. As Evans et al. (47) point 
out, the prevalence of depression may be even higher, as many patients 
with cardiovascular disease have symptoms that may not meet criteria 
for a diagnosis of major depression, but that are clinically signifi cant. 
These subsyndromal symptoms still may impact morbidity and mor-
tality in these patients. Frasure-Smith et al. (49) conducted a large 
prospective study of patients’ status post acute coronary syndrome 
and monitored them for depressive symptoms as well as infl amma-
tory markers. Findings demonstrated that depressive symptoms were 
risk factors for further cardiac morbidity, and that a higher level of 
CRP was also a risk factor. In another longitudinal prospective study 
of over 5,000 elderly men and women, Arbelaez et al. (50) found 
that greater depressive symptoms were associated with an increased 
risk of ischemic stroke. Depression is postulated to exert its physi-
ologic effects on cardiovascular health by infl uencing infl ammation 
of vessels, increasing platelet activation, promoting hypercoagulabil-
ity, changing autonomic function (decreased heart rate variability and 
increased QT), and increasing in plasma cortisol (47).

Given the documented association between depression and 
cardiovascular morbidity and mortality, one might consider a low 
threshold for treatment of depressive and anxiety symptoms in this 
context. The trial, Enhancing Recovery In Coronary Heart Dis-
ease Patients (ENRICHD), demonstrated safety for SSRI treat-
ment in the context of cardiac disease. Future research will focus on 
potential cardioprotective benefi ts SSRI may have, hypothesized to 
be benefi cial due to their assumed inherent antiplatelet activity.

Depression is also an associated risk factor for diabetes mor-
bidity and mortality (47). Depressed patients may be less adher-
ent to medications, placing them at risk for higher blood glucose 
levels and associated progression of the disease (51). Addition-
ally, depression, through its effects on the HPA axis, can promote 
insulin resistance and infl ammation.

Much research has investigated the association between 
depression and cancer. In addition to having possible depression 
as a result of coping with the psychological and physical aspects of 
their diagnosis and treatments, studies have suggested that affec-
tive symptoms may decrease survival time (52) and increase mor-
tality (53). There is even some suggestion that stress may lead to an 
increased risk of cancer (47).

Lowering the threshold for treatment of comorbid depression is 
warranted given the association between depression, its symptoms, 
and many other physical illnesses. To date, research has attempted 
to document the safety and efficacy of using antidepressants in the 
context of many physical comorbid conditions.

SOMATIC CONDITIONS WITH BEHAVIORAL 
AND PSYCHIATRIC MANIFESTATIONS

Many somatic illnesses have behavioral and psychological manifes-
tations. While not all the mechanisms are clearly understood, the 
presentation and associations of somatic conditions with behavioral 
and psychiatric manifestations highlight the interconnectedness 
between physical and mental health, and relate strongly to PNI 

T A B L E  1 7 . 2

Medical Conditions with Psychiatric 
Manifestations

Delirium
Epilepsy
Dementia
CVA
Structural brain abnormalities
Nutritional deficiencies (B12, A, D, zinc)

Endocrinopathies (thyroid anomalies, 
hypoglycemia, Addison’s, Cushing’s)
Infections (HSV, syphilis, HIV, TB, prion disease, 
encephalitis)
MS
Huntington’s
Wilson disease
Parkinson disease
SLE
Neoplastic disease
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her lungs and a nonproductive cough. She appears more stressed 
than usual, and when questioned admits to ongoing marital discord 
and trouble with her teenage son. She also reports failing health 
in the parents and concerns over their ability to care for them-
selves much longer. She reports feeling tired most of the time and 
rarely gets a restful night’s sleep. It takes her up to three hours 
to fall asleep due to worrying about her life circumstances. She 
does not meet diagnostic criteria for depression or generalized 
anxiety disorder.

Discussion

This patient’s physical complaints are real and likely related to the 
chronic emotional stress she is experiencing. Although immuno-
logic measures were not attained, an appropriate treatment strategy 
would include OMT for her musculoskeletal complaints, conserva-
tive symptomatic treatment of her pulmonary symptoms, analge-
sics as needed for her headache (if not relieved by cervical OMT), 
and a stress-reduction strategy focusing on coping skills to deal 
with her stressful life issues (marriage, son, and parents). Special 
attention should be paid to normalizing her sleep. Chronic initial 
insomnia (diffi culty falling asleep) is commonly associated with life 
stress and often responds to effective stress management. Disrup-
tive and diminished sleep can play an important role in contribut-
ing to physical pain and susceptibility to organic pathology.

Case 2

A 58-year-old man, who has been your patient for the past 6 years, 
suffers an acute myocardial infarction. He survives the event and is 
being stabilized in the coronary care unit (CCU). You have treated 
the patient for depression in the past with antidepressant medica-
tion and referred him for psychotherapy. Although he was com-
pliant with his medications, he never followed up on referrals for 
therapy. When you visit him in the CCU, his is very depressed and 
convinced he is going to die. He is hopeless, helpless, and expresses 
guilt over not being a good husband or father. Your attempts to 
cheer him up are unsuccessful. You inform his cardiologist of his 
history of Major Depression and restart his antidepressant medica-
tion and arrange for a psychiatry consult while in the CCU.

Discussion

It is critically important to address the patient’s depression. 
Major depression is a major, independent risk factor for mortality 
in patients with cardiac disease. The precise mechanism for the 
increased morbidity and mortality is not fully known. However, 
the extant literature is robust and well replicated in confi rming this 
clinical association. All physicians treating patient with cardiac 
disease should routinely screen for depression.

PATIENT EDUCATION

…I can trust the principles that I believe are found in the human body. 
I fi nd what is necessary for the health, comfort, happiness of man, the 
passions, and all else. Nothing is needed but plain, ordinary diet and 
exercise.

—A.T. Still

The physician should emphasize the importance of lifestyle altera-
tions such as cutting down on caffeine, maintaining a healthy diet, 
quitting smoking, and exercising regularly. Other stress-reduction 
strategies can be tailored to the patient’s lifestyle and can be a key 
component to disease prevention. It is the responsibility of physicians 

and distinct from biologic concerns, directly infl uence multiple 
body systems and impact the health and disease of the individual. 
To put in context the need to understand this interplay, consider 
the following facts:

■ Emotionally distressed patients visit their doctors more than 
nondistressed patients.

■ Emotionally distressed patients are hospitalized more often than 
nondistressed patients.

■ Emotionally distressed patients have greater morbidity and mor-
tality than nondistressed patients and generally poorer health 
outcomes for many physical diagnoses.

■ People with emotional distress commonly visit their doctors 
with physical symptoms and complaints, never reporting psy-
chological symptoms.

■ Emotional distress and other psychological issues directly 
impact patient adherence to medications and other biologic 
treatments.

■ Nearly two thirds of all physician visits fail to confi rm a biologic 
diagnosis.

■ Numerous biologic diseases can manifest themselves with psy-
chiatric symptoms.

■ Medical illness can precipitate emotional distress, which com-
plicates medical treatment and increases medical costs.

■ Emotional distress often goes unrecognized and untreated in 
medical encounters.

■ Appropriate mental health treatment reduces emotional dis-
tress, medical utilization, and costs.

■ Savings from reduced medical costs can offset the cost of pro-
viding mental health treatment and stress-reduction training, 
which may result in lower overall health care costs.

In everyday medical practice, both in inpatient and outpatient 
settings, these facts are often ignored, leading to a striking mis-
match between the true needs of patients and the health care ser-
vices delivered. The result is less effective care, frustration for both 
patient and physician, and the waste of ever-shrinking health care 
resources. Worse, it can lead to dangerous misdiagnosis of patients, 
with disastrous health consequences, including disability and 
death. If nothing else, PNI research underscores the need to assess 
patients’ emotional distress. Osteopathic physicians in particular 
are likely to encounter patients with musculoskeletal complaints 
with a component of stress contributing to their illness. Eliciting 
information from patients on their stressors, their perception of 
their stress level (see Chapter 19) along with their current mood 
and mental state, making appropriate referrals and recommending 
appropriate stress-management techniques, will positively impact 
their overall health, improving disease and disability. For patients 
suffering from ongoing illness, identifying and addressing these 
issues may improve their response to other somatic treatments.

CASE VIGNETTES

Case 1

A 47-year-old woman presents to your offi ce complaining of 
frequent low back pain, headaches, poor sleep, and a cold she 
“just cannot kick.” The patient has been in your practice for 
12 years and has enjoyed good health. She lives a healthy lifestyle, 
watches her diet, exercises regularly, does not smoke or drink in 
excess, and comes in yearly for a physical. Her routine labs are 
normal. Her physical exam reveals musculoskeletal tension in her 
lumbar, midthoracic, and cervical regions. The remainder of her 
physical exam is unremarkable, except for mild congestion in 
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28. Irwin MR, Miller AH. Depressive disorders and Immunity: 20 years of 
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with clinical improvement of asthmatic children subjected to psychosocial 
intervention. Brain Behav Immun 1999;13:1–13.

30. Glaser R. Stress-associated immune dysregulation and its importance for 
human health: a personal history if psychoneuroimmunology. Brain Behav 
Immun 2005;17:321–328.
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to educate their patients about the importance of maintaining a 
healthy lifestyle. Make patients aware of target organs and areas 
particularly vulnerable to stress, such as the heart, kidney, gastro-
intestinal tract, and musculoskeletal system. Some patients with 
chronic medical conditions should be educated on the potential 
associated psychological consequences of their condition and the 
physician should be regularly screening for these. Patient counsel-
ing should also include protecting patients from claims of miracle 
cures or unsound, potentially dangerous interventions, such as 
unproven megavitamin therapies.

Virtually all adult patients have some awareness of the nox-
ious effects of chronic stress on overall health. The lay media and 
press are replete with stories on the importance of stress reduction, 
and the ill effects of the stressful times we live in. As physicians, 
it is important to teach patients to fi rst identify emotional stress, 
particularly chronic low-grade stress that often goes unidenti-
fi ed. By the time a patient acknowledges their inability to man-
age their life stress, adverse health consequences have already 
been set in motion. Stress may be self-medicated with alcohol or 
drugs, which results in additional health problems. It is important 
for physicians to give patients the “permission” to discuss stress, 
as they may be reluctant to address these issues as not having 
medical relevance.

Osteopathic philosophy highlights the importance of treat-
ing the whole patient, not just diseased or dysfunctional organs. 
Every physical complaint should be evaluated as context depen-
dent, that is, how does the current life setting impact on the symp-
tom presentation? The fi eld of PNI demonstrates the need to 
evaluate stress as an important factor in the etiology and treatment 
of disease.

CONCLUSIONS

Our understanding of the intricate complexity of the body, its indi-
vidual systems, and their interconnectedness, is rapidly expanding. 
Since the fi rst edition of this text in 1997, signifi cant advances 
have been made in understanding the basic mechanisms of PNI. 
Early clinical observation is rapidly becoming scientifi cally proven 
fact. As with other core osteopathic concepts, the key to contin-
ued acceptance in the medical community, and ultimately to the 
enhancement of health of patients, is the study of and adherence 
to the principles of methodologically sound scientifi c research. 
PNI research has demonstrated that the CNS is in direct and 
constant bidirectional communication with the immune and 
endocrine systems. The goal of future research is to better under-
stand their “language” and how to identify and manipulate it to 
promote health and treat disease. The challenge of the next gen-
eration of osteopathic researchers and clinicians is to continue 
to investigate and to expand on the work of this exciting and 
important fi eld.
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Psychoneuroimmunology—
Stress Management
JOHN A. JEROME AND GERALD G. OSBORN

K E Y  C O N C E P T S
■ Empathy for stress-related problems and their many manifestations
■ Stress and related somatic complaints, including those related to somatic dysfunction
■ Signs and symptoms of depression
■ Signs and symptoms of anxiety
■ Signs and symptoms of alcohol abuse
■ Signs and symptoms of insomnia
■ Adaptive methods for coping with stress
■ Overview of treatment techniques
■ Impact of the doctor/patient relationship

18

DEFINITION OF STRESS

Stress is a condition experienced when the physical, mental, 
emotional, or social environment makes unwanted inescapable 
demands. These demands exceed resources and create a sense of 
powerlessness and inability to control the stressor or effect change.

The person under stress responds as a unit (i.e., mind, body, 
and spirit) and coordinates an adaptive response to the stressor. The 
main physiological components of the stress system response are 
activation of the hypothalamic—pituitary—adrenal (HPA) axis, 
autonomic nervous system arousal, and adrenalin secretion in the 
“fi ght or fl ight” response. Being aroused by stress provides a biologic 
advantage that enables the individual to rapidly respond to dan-
ger. Historically, the stress system response enhanced survival and 
adaptive responses. We ignored a pain, fought back, ran to safety on 
broken bones, and scrambled to the top of the food chain.

Osteopathic philosophy teaches us that damaging stress levels 
are reached when perceived threats or dangers upset the biopsy-
chosocial balance. Prolonged hypersympathetic activity can be del-
eterious to health and can facilitate disease. Thoughts, emotions, 
and behaviors in response to stressors are in a blended and complex 
relationship that can affect both anatomy (structure) and physiol-
ogy (function).

Seyle (1) fi rst described these interdependent processes of 
responding to stress as the general adaptation syndrome. Seyle 
believed that our response to stress was a specifi c syndrome follow-
ing certain patterns and affecting specifi c organs. Stress itself could 
be induced by a variety of internal or external stimuli.

When patients are continually stressed, they move through 
three response stages. First, there is a startle response and ori-
entating refl ex as the patient becomes aware of the stress and is 
biologically alarmed. Adrenal, cardiovascular, respiratory, and mus-
culoskeletal functions increase.

Next is an attempt to cope and problem-solve biologically, 
psychologically, and socially. The patient mobilizes all resources to 
meet and resist the stressor. If the patient is successful, mastery and 
learning occur. If the patient fails, he or she becomes exhausted 
physically, mentally, and emotionally.

The third stage, exhaustion, is what the osteopathic physician 
sees clinically as a variety of dysfunctional signs and symptoms 

affecting any and all organ systems. As coping responses fail, the 
exhaustion depletes adaptive reserves and resistance disappears. 
Patients then experience somatic dysfunction and present them-
selves to the primary physician requesting treatment for symptoms 
of stress-related problems.

In primary care, stress-induced somatic complaints are the 
mechanisms underlying the symptoms for 20% to 35% of all 
patients seeking treatment from physicians (2,3). In the United 
States, more than 33% of the population is susceptible to acute or 
chronic stress and the physical and psychological disorders caused 
by stress (4). Studies in several populations have also found that 
10% of patients account for about 30% of primary care visits (5,6). 
These high utilizers of medical services represent a group of patients 
who have physical disease as well as concomitant distress (7).

The onset of stress-related illness is a complex phenomenon 
that incorporates the tissue pathology (musculoskeletal abnormali-
ties), psychosocial and behavioral response to that physical insult, 
and the environmental factors that maintain or reinforce that dis-
ability (even after the initial cause has been resolved). A signifi cant 
portion of the variance in an individual response to any disease 
outcome is accounted for by the manner of behavior and emotional 
response to the stress of the illness (8). In fact, the majority of 
today’s health woes—obesity, cancer, and anxiety disorders to heart 
disease, hypertension, and adult-onset diabetes—are actually rela-
tively new “diseases of civilization” brought on by our behavioral 
choices and mind-body interactions.

Our current understanding of stress-induced illnesses sug-
gests that these processes are a complex interplay between genetic 
physiologic, environmental, and behavioral factors that infl uence 
health and disease. Behavioral mechanisms can alter the nervous 
system, endocrine system, and immune system, directly infl uencing 
health. Diet, exercise, drugs, alcohol, and tobacco use, along with 
a variety of other behaviors, also modify disease progression and/
or disease risk (see Chapter 32). Finally, behaviors directly related 
to seeking or avoiding medical care also have important conse-
quences on prevention, early detection, and adherence with medi-
cal regimens.

This chapter presents a framework for understanding and 
clinical management of stress-related illness. It includes guidelines 
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stress plays a strong role in various forms of anxiety and depressive 
disorders, as well as in many forms of substance use and abuse.

Most recently, stress has been conceptualized as an organism’s 
nonspecifi c response in an attempt to adapt to demands. Those 
demands can cover the spectrum of psychological, social, and physi-
ological functioning. Even ordinary day-to-day events, whether seen 
as positive or negative, involve adoption to change. The concept of 
adoption to change now dominates current thinking about stress. In 
1967, Holmes and Rahe verifi ed the stress of adaptation (10). They 
developed a scale and assigned points to 43 common life events to 
develop a stable and objective point of reference. They were not con-
cerned with how people interpreted or felt about these events but 
merely with whether they happened. They demonstrated that the 
greater number of points a person scored over a 1-year period, the 
greater the probability of illness occurring within the next 2 years. 
Later research determined that if the person assessed the event as 
a negative life experience, the impact was more severe (11). Based 
on these fi ndings, the preventive implications are clear. Although 
a number of stress scales are now available, the Holmes & Rahe 
Social Readjustment Scale remains one of the most highly validated 
and widely used (Table 18.1). This scale can be easily incorporated 
into medical practice and used liberally to help patients assess their 
judgments and vulnerabilities based both on the stressful event and 
their perception (positive or negative) of the event and develop 
increasingly effective anticipatory coping strategies.

for the cognitive/behavioral management of the effects of stress 
related to:

Anxiety
Depression
Alcohol abuse
Insomnia

CONCEPTUALIZING STRESS

No life is without stress. There are, however, adaptive and maladaptive 
manners of coping, even under the most stressful circumstances. 
Although there are many events that can happen in our lives 
that are completely unexpected, many of life’s diffi culties can be 
anticipated and managed effectively. Many people accept high 
levels of stress in their lives but do not appreciate the high price 
they pay. Medical research has shown that a life lived in chronic 
stress can trigger and activate psychophysiologic disorders such 
as hypertension, peptic ulcer disease, and coronary artery disease 
(9). In essence, a feed-forward loop is established where each 
added consequence of stress becomes a factor in raising the levels 
of stress.

More recent research in psychoneuroimmunology shows a 
relationship between stress and attenuation of immune responses 
(see Chapter 17). Mental health researchers have long known that 

22 Change in responsibilities 
in work

29

23 Son or daughter leaving home 29
24 Trouble with in-laws 29
25 Outstanding personal 

achievement
28

26 Spouse begins or stops work 26
27 Begin or end school 26
28 Change in living conditions 25
29 Change in personal habits 24
30 Trouble with boss 23
31 Change in work hours or 

conditions
20

32 Change in residence 20
33 Change in schools 20
34 Change in church activities 19
35 Change in recreation 19
36 Change in social activities 18
37 Small mortgage in relation 

to income
17

38 Change in sleeping habits 16
39 Change in number of family 

get-togethers
15

40 Change in eating habits 13
41 Vacation 13
42 Christmas 12
43 Minor violations of the law 11

Source: Reprinted from Holmes TH, Rahe RH. The social 
readjustment rating scale. J Psychosom Res 1967;7:17–20, with 
permission.

T A B L E  1 8 . 1

Social Readjustment Scale

Life Events Holmes Points

1 Death of spouse 100
2 Divorce 73
3 Marital Separation 65
4 Jail term 63
5 Death of close family member 63
6 Personal injury of illness 53
7 Marriage 50
8 Fired from job 47
9 Marital reconciliation 45

10 Retirement 45
11 Change in health of family 

member
44

12 Pregnancy 40
13 Sex difficulties 39
14 Having a baby 39
15 Business readjustment 39
16 Change in financial state 38
17 Death of a close friend 37
18 Change to different line of 

work
36

19 Change in number of 
arguments with spouse

35

20 Mortgage large in 
relationship to income

31

21 Foreclosure of mortgage or 
loan

30
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stress, one immediately treats some of the autonomic components 
of stress-related somatic dysfunction and their antecedents, which 
can be so impactful on the patient’s general health. Success is more 
likely when physicians educate patients, guide and mentor their 
adaptation, and teach them coping and stress-mastery skills. In a 
primary care practice, diagnosis begins by accurately reviewing four 
of the most common behavioral consequences of stress:

Depression
Anxiety
Substance abuse
Insomnia

When the exact diagnosis is made, carefully inform the patient 
and then guide him or her through a process of problem iden-
tifi cation and problem solving designed to either relieve or cope 
with the stress. The remainder of this chapter reviews these four 
stress-induced problem areas from a cognitive behavioral stand-
point. Emphasis is on rapid techniques for diagnosis and on 
specifi c strategies to be employed within the doctor-patient 
relationship.

DEPRESSION

Feeling “down” is a universal experience. Being sad or “blue” accom-
panies disappointments, setbacks, or losses in life. The depressed 
mood usually lasts a short time and passes. For some people, how-
ever, the sadness becomes intense and long lasting, coloring every 
aspect of their existence. The future seems hopeless. They see the 
world as an overwhelming place in which they are unable to con-
centrate, sleep, or solve the routine problems of life.

In the United States, the problem of clinical depression is 
monumental. Clinical depression results in the hospitalization 
of 6% of all women and 3% of all men, with 15% of all who are 
severely clinically depressed eventually committing suicide (17,18). 
There is emerging evidence that depressed patients have a signifi -
cant loss of cells in the prefrontal cortex, a brain area important in 
discerning reward verses punishment, in shifting mood from one 
state to the other, and in exerting cortical restraint on the amygdala 
fear system through the HPA axis and the sympathetic nervous 
system. An increase in cortisol and norepinephrine secretion repre-
sents a highly adverse biochemical environment, a condition that is 
likely to contribute to many different adverse outcomes, including 
increased visceral fat, insulin resistance, increased infl ammation, 
enhanced blood coagulation, defi cient fi brinolysis, decreased bone 
formation, and increased bone resorption.

The Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV) (19) and the Guidelines for Detection 
and Diagnosis in Primary Care categorize mental health diagnoses. 
The word “depression” refers to a syndrome in which a variety of 
signs and symptoms occur. Typically, there is a change from previ-
ous adequate emotional functioning to a depressed mood and a 
loss of pleasure in life’s usual activities. The depressed person feels 
sad or empty most of the time and often experiences impairment 
in interpersonal, social, or occupational functioning. Conceptually, 
these symptoms may be grouped as disturbances in:

■ Emotions (depressed mood, loss of interests/pleasure, worth-
lessness or guilt).

■ Ideation (worthlessness/guilt, death/suicide).
■ Neurovegetative or somatic symptoms (sleep, appetite/weight, 

psychomotor, energy, concentration).

If fi ve or more of these symptoms are present for more than 2 weeks, 
a diagnosis of major depressive disorder is considered. The diagnosis 

Stress can also be self-generated. The “type A personality” 
fi rst described by Friedman and Rosenman has now become a 
household word (12). Although it has been argued excessively as 
to whether the “type A personality” is a feature of coronary artery 
disease, the adaptive style of a person with type A characteristics 
can hardly be envied. Research beyond Friedman & Rosenman’s 
seminal work indicates that competitiveness, impatience, and dif-
fi culty dealing with anger and hostility are the core characteristics 
of people prone to coronary artery disease. It might be diffi cult 
to completely alter these maladaptive styles, but counseling and 
education can modify them to the point where a patient’s risks are 
signifi cantly lowered (13).

Change the Stressor

Before seeking medical treatment, the patient probably has already 
tried to change the stressor without much success. In this situa-
tion, casual advice usually doesn’t work, even when coming from 
a physician. Compliance with physician advice is low, particularly 
in the current climate of health care delivery where the pace is 
hectic and often impersonal. As patients shift between physicians 
and insurance plans in a managed care environment, the personal 
relationships once forged between physician and patient disappear. 
Trusting relationships are diffi cult to establish under these circum-
stances, increasing the likelihood that professional advice will go 
unheeded.

Many patients who come to a primary care setting are looking 
for help with stress-related symptoms. A primary care, osteopathi-
cally oriented approach assesses all the disturbing psychosocial and 
organic problems, including the neuromusculoskeletal elements, so 
that a long-term treatment strategy can be developed. In such cases, 
after a detailed history is taken and complete physical examination, 
the treatment strategy incorporates all elements of the osteopathic 
philosophy. It includes:

Palpatory diagnosis
Manipulative treatment
Exercise, diet, smoking, alcohol, drug cessation
Appropriate medication
Coping strategy education

There is a palpable reaction of the musculoskeletal system to stress 
whether from inside the body or from environmental or social 
infl uences. When hands-on procedures are used to identify stress-
induced somatic dysfunction, the experienced osteopathic prac-
titioner can determine whether the observed pattern of somatic 
dysfunction is associated with primary neuromusculoskeletal dys-
function, contribution from somatovisceral or viscerosomatic com-
ponents, or a more complex behavioral dysfunction. Designing all 
aspects of treatment to include modifi cation of the biopsychosocial 
causes and maladaptive responses to stress is important. The pri-
mary care physician must constantly be aware that clinically evi-
dent stress refl ects two realities:

1. A patient’s response to stress-inducing events produces biopsy-
chosocial consequences.

2. A patient’s long-term stress management style is an important 
factor determining health or disease and an area in which the 
physician must intervene for long-term adaptive change.

Change Response to Stress

Signifi cant stress-related conditions are often found in primary 
care outpatients (14–16). By changing the patient’s response to 
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has also been reported as a serious adverse effect of more than 100 
commonly prescribed drugs (Table 18.4).

Tricyclic antidepressants and serotonin reuptake inhibitors are 
the gold standards for initiating management of many serious, pos-
sibly organic, depressions (30,31). Recoveries are often dramatic as 
the patient reverts to predepression levels of functioning. Given 
the distribution of depression in the population and the long-term 
treatment protocols used in management, primary care physicians 
are exposed to a tremendous amount of publicity and market-
ing from pharmaceutical companies to manage the symptoms of 
depression with their various products.

Cognitive Behavioral Factors in Depression

Depression in response to stress can be well understood within 
the framework of learning theory (32). Defi cits in social skills can 
set the stage for unrewarding social, vocational, and personal rela-
tionships causing subsequent feelings of depression. Studies with 
animals and humans exposed over time to inescapable stress have 
shown that the subjects failed to demonstrate simple behaviors to 
escape or avoid the stress and subsequent punishment (33,34). In 
a laboratory setting, when exposed to inescapable electric shock, 
dogs and humans felt helpless and both suffered from naturally 
occurring depression. Human and animal groups showed similar 
response patterns of passivity, slowed learning, impaired problem 
solving, and loss of appetite. Their inability to stop the stressor or 
to escape from the stressor initiates cognitive processes that lead to 
a sense of powerlessness. Victims of inescapable stress lower their 
future expectations for control over stress and have measurably 
lower self-esteem and lower motivation.

Beck (23,32,35) describes negative schemas as a learned mal-
adaptive thinking process that often leads to depression. When 
faced with stressful events, some patients routinely employ nega-
tive views of themselves and their abilities (i.e., negative schemas) 
and are dominated by themes of failure and personal inadequacies. 

becomes dysthymia if over the last 2 years the patient reports 
having felt these symptoms and says that for more than half of that 
time it was hard to work, take care of simple things at home, or get 
along with people. These symptoms (all but depressed mood) may 
be more readily recalled using the mnemonic “SIG: E CAPS” (i.e., 
“prescribe energy capsules”): Sleep, Interest, Guilt, Energy, Con-
centration, Appetite, Psychomotor, and Suicide.

Measurement of Depression

The diagnosis and management of depression in a patient can be 
facilitated through numerous self-administered inventories, such 
as the Zung Depression Scale (20,21), the Beck Depression Inven-
tories (22,23), and the MMPI Depression Scale (24,25). These 
inventories provide reliable and valid measures of the severity of 
depression. The patient can initially be tested for a baseline mea-
sure and then repeatedly tested with the same instrument to mea-
sure progress. More recently developed structured interviews such 
as the PHQ-9 (26,27) allow one to quickly (i.e., in 8.4 minutes) 
determine the presence of pivotal signs and symptoms (Table 18.2). 
The PHQ-9 is a 9-item self-report instrument assessing the nine 
symptoms of DSM-IV major depression, which is feasible to use, 
reliable, and valid in primary care settings (28). The PHQ-9 estab-
lishes the clinical diagnosis of depression and does not require fur-
ther confi rmation. This allows the clinician more time to be spent 
on patient education and negotiation of the treatment plan. The 
PHQ-9 sum score can also be used to track the severity of patient 
symptoms over time (29).

Medical disorders with intrusive symptoms of depression must 
also be ruled out (Table 18.3). Unfortunately, there is no evidence 
to support routine laboratory testing in the diagnosis of depression. 
Complete blood count (CBC), a basic chemistry profi le, liver func-
tion tests, TSH, Rapid plasma reagin (RPR), B12, and folate levels 
are only helpful when underlying medical conditions are suspected. 
This situation is made more complex by the fact that depression 

T A B L E  1 8 . 2

Structured Interview Questions for Depressiona

For the last 2 weeks, have you had any of the following problems nearly every day?

1. Trouble falling or staying asleep, or sleeping too much? YES NO
2. Feeling tired or having little energy? YES NO
3. Poor appetite or overeating? YES NO
4. Little interest or pleasure in doing things? YES NO
5. Feeling down, depressed, or hopeless? YES NO
6. Feeling bad about yourself, or that you are a failure or have let yourself or your family down? YES NO
7. Trouble concentrating on things, such as reading the newspaper or watching television? YES NO
8.  Being so fidgety or restless that you were moving around a lot more than usual? If No: 

What about the opposite—moving or speaking so slowly that other people could have noticed?
YES NO

9.  In the last 2 weeks, have you had thoughts that you would be better off dead or of hurting 
yourself in some way? (Tell me about it.)

YES NO

SCORING: If five or more of Nos. 1 to 9 are yes, one of which is No. 4 or 5, then consider major depressive 
disorder. If the condition has persisted over the last 2 years and the patient reports that it was hard to do their 
work, take care of things at home, or get along with other people, then consider dysthymia.

aPrimary care evaluation for mental disorders (Prime-MD).
Source: From Spitzer RL, Williams JB. PRIME-MD Clinical Evaluation Guide. New York, NY: Biometrics Research, New York State Psychiatric 
Institute, 1994, with permission.
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ANXIETY

Chronic anxiety is a generalized state of apprehension in response 
to stress. The chronically threatened individual will eventually 
begin to experience distress in everyday situations that would 
not normally have elicited such reactions in the past. An anx-
ious reaction is a basic, genetically programmed human response 
to a real or imagined threatening stressor. The biologic changes 
elicited by an anxious reaction have specifi c adaptive survival 
value in their acute state. They represent alertness and arousal 
responses for better behavioral and biologic focusing and cop-
ing with the threat. It is when feelings of anxiety becomes dys-
regulated and a constant part of the patient’s life that a state of 
pathology occurs.

An anxious reaction represents one of several built-in stress 
programs that patients can use to adapt to and cope with new 

They have learned to expect their performance to be worse than 
that of others, and view the world as an overwhelming place, 
laden with burdens, and fi lled with excessive demands and daily 
defeats.

Over time, negative depression themes become stable, long-
standing thought patterns creating downward cognitive spirals. 
Once the pattern begins, the patient will organize new experiences 
as depressing and selectively direct attention to the negative aspects 
of current and future stressors. Thus, these depression-prone 
patients perceive the present as depressing, remember the past the 
same way, and respond to the future in a fi xed, negative manner, 
independent of what occurs in their environments.

There are six basic cognitive errors in logic that a patient 
learns over time (Table 18.5). Insight into these faulty reason-
ing patterns is helpful for some depressed patients. Patients who 
respond positively to cognitive therapy by changing their patterns 
of thought, appear to have sustained benefi ts; the risk of relapse 
over one year was lower than that of patients who had responded 
to medications and were then switched to placebo (36). Osteo-
pathically trained physicians routinely work with their patients’ 
cognitive stress coping styles in addition to pharmacologically 
managing their depressive symptomatology. Drug therapy and 
cognitive behavioral treatments augment and complement one 
another in patients diagnosed with major clinical depression; 
administering these strategies simultaneously yields a superior 
result (37–40).

T A B L E  1 8 . 3

Medical Illnesses and Conditions with 
Intrinsic Symptoms of Depression

Parkinson disease
Normal pressure hydrocephalus
Multiple sclerosis/stroke
Brain tumors (temporal lobe)
Adrenal insufficiency syndrome
Hyperparathyroidism
Vitamin B12 or iron deficiency
Serum sodium or potassium reductions
Hypercalcemia
Cancer

Metal (thallium, mercury) intoxication
Chronic pain and disease (i.e., fibromyalgia, 
diabetes mellitus)
A common symptom in geriatric populations
20%–24% of medical inpatients
Neurologic disorders (i.e., related to abnormal 
catecholamines or indoleamine metabolism)
Cardiac disease
Serious medical injury (i.e., spinal cord, end-stage 
renal disease)
Dementia, head trauma, seizure disorders

Source: From Derogatis LR, Wise TN. Anxiety and Depres-
sive Disorders in the Medical Patient. Clinical Practice No. 4. 
Washington, DC: American Psychiatric Press, 1989:121, with 
permission.

T A B L E  1 8 . 4

Drugs with Known Propensity to 
Induce Clinical Depression

Antihypertensives

Reserpine
α-methyldopa
Guanethidine
Clonidine
Propranolol
Hydralazine

Hormones
Corticosteroids
Progesterone
Estrogen

Central nervous system depressants
Benzodiazepines
Barbiturates
Alcohol

Neuroleptics
Haloperidol
Fluphenazine

Cardiovascular agents
Digitalis
Procainamide

Antiparkinsonian drugs
L-Dopa
Amantadine

Antimicrobials
Cycloserine
Gram-negative agents
Sulfonamides

Source: From Derogatis LR, Wise TN. Anxiety and Depres-
sive Disorders in the Medical Patient. Clinical Practice, No. 4. 
Washington, DC: American Psychiatric Press, 1989:125, with 
permission.
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or unrecognized anxiety and chronic autonomic arousal including 
disturbed sleep-wake cycles.

Further complicating the situation is the fact that some medical 
problems magnify the state of anxiety. Table 18.6 lists medical disor-
ders and conditions associated with high amounts of anxiety. Labo-
ratory studies to consider include a CBC, chemistry panel, serum 
thyrotropin (TSH) (47), urinalysis, electrocardiogram (in patients 
over 40 with chest pain or palpitations), and any other specifi c stud-
ies required to diagnose a suspected medical cause of anxiety. Urine 
or serum toxicology measurements of drug levels can be obtained 
for drugs or medications suspected in the etiology of anxiety.

Measurement of Anxiety

Anxiety inventories such as the state-trait anxiety inventory (48) 
and anxiety subscales of the MMPI-2 (24,25) measure individual 
differences in anxiety susceptibility and the patient’s tendency to 
perceive a wide range of situations as threatening. The invento-
ries also measure the patient’s reported response to these situations 
with associated activation and arousal of the autonomic nervous 
system, an important index of the anxiety state.

These measurements can also be routinely collected in the pri-
mary care setting. A seven-item anxiety questionnaire (GAD-7) has 
been developed and validated in a primary care setting (Table 18.7) 
(49). GAD-7 is a patient self-assessment tool that can facilitate 
screening. It is important that positive results from the test (a score 
of 8 or higher) should be followed by clinician interview to establish 
the diagnosis of generalized anxiety disorder (GAD). The GAD-7 
tool has been validated to screen for generalized anxiety, as well as 
for other types of anxiety (panic disorder, social anxiety disorder, and 
posttraumatic stress disorder [44]). Additionally, a shorter version of 
the GAD-7 (referred to as the GAD-2), using only its fi rst two items 
of the original test and employing a cutoff score of 3 or more to initi-
ate further evaluation, may be equally sensitive to the GAD-7 (44).

threats in their environment. Physically, anxiety is a state of fear 
with especially strong manifestations in the hypothalamic, sym-
pathetic, autonomic, adrenal, and reticular neuroendocrine net-
works orchestrated from such forebrain limbic structures as the 
amygdala. Chronic anxiety is a maladaptive response to a stressful 
stimuli primarily involving the neurotransmitters norepinephrine, 
serotonin, and gamma-aminobutyric acid (GABA). Research has 
also focused upon possible HPA axis abnormalities and the poten-
tial role of cholecystokinin (41). Imaging studies in patients with 
GAD have shown differences in regional brain activity. As an 
example, one report using positron emission topography measure-
ments found high relative metabolic rates in parts of the occipital, 
temporal, and frontal lobes, and cerebellum, during a passive view-
ing task in patients with anxiety relative to normal control subjects 
(42). Experienced osteopathic physicians soon learn that chronic 
exposure to anxiety-inducing stress without adequate coping strat-
egies often involve irrational cognitive appraisals of threats that, 
in turn, can lead to further and commonly excessive anticipatory 
anxiety.

Lifetime prevalence rates for anxiety based on DSM IV crite-
ria are estimated at 4.1% (43). The prevalence is estimated to be 
8% in the primary-care setting (44). The number of offi ce visits 
with a recorded anxiety disorder diagnosis increased from 9.5 mil-
lion in 1985 to 11.2 million per year in 1994 and 12.3 million per 
year in 1998 (16). Twice as many women as men have the disorder 
(43,45).

Anxiolytic benzodiazepines are among the most commonly 
prescribed medications in the United States, and primary care phy-
sicians write 85% of these prescriptions. Unfortunately, the diag-
nosis of anxiety is complicated by the fact that anxiety is often not 
the patient’s chief complaint. Rather, patients experiencing anxiety 
generally complain of physical problems (46). Primary care physi-
cians often focus exclusively on these physical symptoms, failing to 
note that the patient’s complaints are really created by unreported 

T A B L E  1 8 . 5

Faulty Reasoning Patterns Noted in 
Depression-prone Patients

Arbitrary inference—drawing a specific conclusion 
in the absence of evidence to support the conclusion.
Selective abstraction—drawing a conclusion based 
on a detail taken out of context.
Overgeneralization—drawing a broad, global 
conclusion on the basis of one or more isolated 
pieces of information.
Magnification and minimization—exaggerating 
the significance of negative events and minimizing 
the significance of positive events.
Personalization—relating external events to oneself 
when there is no realistic basis for making such a 
connection.
Absolutistic, dichotomous thinking—placing all 
experiences in one of two opposite categories.

Source: From Beck, AT, Rush AJ, Shaw BF, Emery G. Cognitive 
Therapy of Depression: A Treatment Manual. New York, NY: 
Guilford, 1979, with permission.

T A B L E  1 8 . 6

Medical Disorders and Conditions 
Associated with Disproportionately High 
Amounts of Anxiety

Hyperthyroidism

Cardiac disease (e.g., arrhythmias, paroxysmal 
tachycardias)
Mitral valve prolapse
Pernicious anemia
Respiratory disease
Endocrine disorders (e.g., hypoglycemia)
Porphyria
Depressive illness
Presenile or senile dementias
Effects of drug or alcohol use/withdrawal
Caffeine/tobacco use
Hypoglycemia
Pheochromocytoma
Epilepsy
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ALCOHOL USE AND DEPENDENCE

The use of alcohol as a coping strategy is uniquely human. 
As our society becomes more complex and ambiguous, more 
patients use alcohol to manage stress. Medical care for alcohol 
abuse has become routine work in primary care practice (53–55). 
The reported use and abuse of intoxicating chemicals that alter 
the physiology of the body and the central nervous system dates 
back to the ancient Egyptian papyri and the Greek amphithe-
ater at Delphi. Alcohol abuse and dependency have become a 
self-medication strategy for stress that is socially tolerated and 
modeled for our children. Approximately 10% of Americans (10 
million people) abuse alcohol (56). A survey of mental health 
and substance abuse disorders in nearly 20,000 American adults 
found a 13.5% lifetime prevalence rate for alcohol abuse or 
dependence (57,58). Alcohol abuse and dependence runs in fam-
ilies (59). First-degree relatives have a three- to fourfold higher 
prevalence compared with the general population; this number is 
twofold higher in identical twins of alcohol-dependent individu-
als (60,61).

Alcohol as Response to Stress

The excessive use of alcohol accounts for a wide spectrum of 
health and social problems. Alcohol plays a casual or a contrib-
uting role in deaths resulting from accidents, homicides, and 
suicides, as well as diseases such as cirrhosis and cancer. Beyond 
the negative effects on individuals with alcoholism, the disorder 
also has been estimated to negatively affect the lives and health 
of many other people. Alcohol abuse is implicated in 50% of all 
divorces, in 45% to 68% of spouse abuse cases, and in up to 38% 
of child abuse cases. Alcohol abuse is especially harmful during 

Anxiety Treatments

An osteopathically oriented approach for managing anxiety 
involves treating both the physical symptoms of chronic fear and 
the mechanisms of learned and reinforced maladaptive arousal in 
response to prolonged stress. Benzodiazepines can be prescribed 
to reduce the paralyzing anxiety associated with a clear external 
stressor. These are most effective if prescribed on a temporary 
emergency basis with the goal of preventing dependence and iat-
rogenic withdrawal anxiety when medications are stopped. Thus, 
one should avoid chronic use of these pharmaceuticals. Physical 
symptoms can also be controlled by muscular relaxation train-
ing, controlled diaphragmatic breathing, and biofeedback (50,51). 
Structural examination and manipulative treatment should be used 
to assure appropriate function of the respiratory muscles. Support-
ive therapy and cognitive behavioral therapy (CBT) are frequently 
recommended as fi rst-line psychological treatment for GAD. A 
meta-analysis found CBT to be effective in reducing symptoms 
in patients with GAD (22). CBT in primary care settings that 
have integrated mental health resources are particularly effective 
(52). Osteopathic care attempts to reduce anxiety by enhancing 
coping abilities, providing interpersonal support, and training the 
patient to reduce learned anxiety associated with stress while also 
establishing and maintaining normalized function of the somatic 
system.

Also, general measures to improve coping ability such as a 
healthy diet, moderate exercise, weight control, and mobilizing a 
support system of family and friends can set the stage for effective 
long-term anxiety management. Positive outcomes of the proposed 
treatment will result when the primary care physician enters col-
laborative management relationships with anxious patients. The 
goal of these relationships is to alleviate overly aroused patients’ 
fears as they learn new coping styles.

T A B L E  1 8 . 7

Structured Interview Questions for Generalized Anxiety Disorder (GAD-7)

 1.  Have you felt nervous, anxious, or on edge on more than half the days in the 
last month?

YES NO

In the last month, have you often been bothered by any of these problems?
 2. Feeling restless so that it is hard to sit still? 4.  Muscle tension, aches, 

or soreness?
6.  Trouble concentrating on things, 

such as reading a book or 
watching TV?

 3. Getting tired very easily? 5.  Trouble falling asleep 
or staying asleep?

7.  Becoming easily annoyed or 
irritated?

 8. Are three or more of Nos. 2–7 checked? YES NO
 9.  In the last month, have these problems made it hard for you to do your work, 

take care of things at home, or get along with other people?
YES NO

10.  In the last 6 months, have you been worrying a great deal about different things, 
and has this been on more than half the days in the last 6 months? (Count as yes 
only if yes to both.)

YES NO

11.  When you are worrying this way, do you find that you can’t stop? YES NO
12.  These current anxiety symptoms are not due to the biologic effects of a physical 

disorder, medication, or other drug?
YES NO

SCORING: Yes to 1, 8, 9, 10, 11, and 12 constitutes a probable diagnosis of generalized anxiety disorder.

Source: From Spitzer RL, Williams JB. PRIME-MD Clinical Evaluation Guide. New York, NY: Biometrics Research, New York State Psychiatric 
Institute, 1994, with permission.
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(alcohol-related disorder, Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition [DSM-IV]) (67), substance 
abuse treatment alone suffi ces. If the alcohol problem is second-
ary to a psychiatric disorder (dual diagnosis), specifi c attention 
to the underlying illness must be addressed simultaneously with 
the substance abuse disorder. The most useful recent method to 
diagnose psychiatric disorders effi ciently and accurately in an 
ambulatory care setting is the Prime-MD (Primary Care Evalu-
ation of Mental Disorders) (68). Prime-MD is a well-validated 
and highly reliable questionnaire that screens for psychiatric dis-
orders (see Table 18.8). Patients fi ll out a questionnaire and the 
physician then discusses with the patient any positively endorsed 
symptoms. The questionnaire is specifi c for most of the common 
psychiatric disorders presenting to primary care practice, includ-
ing mood, anxiety, somatoform concerns, and alcohol-related 
problems.

If a psychiatric disorder is coexistent with alcoholism, referral 
for psychiatric consultation and comanagement is strongly recom-
mended. Compulsory inpatient treatment followed by close moni-
toring for incipient relapse yields the best results (69).

Alcohol as Cause of Further Stress

Once alcohol use becomes a primary stress management strategy, 
a cascade of further physical and psychosocial stressors will follow 
(Table 18.9). Evidence of brain plasticity and atrophy (shrinkage) 
has also been documented in various imaging studies of addicts 
with results indicating that frontal lobes, limbic system, and 
cerebellum are particularly vulnerable to damage and dysfunc-
tion. Atrophy of the brain contributes to transient or persistent 
loss of memory, diminished cognitive ability, and compromised 
reasoning and decision making, depending upon which brain 
areas are affected and severity and duration of chronic substance 
abuse (64,70,71). With abstinence, maintained for more than 
6 months, partial function may return, but studies have shown 
that full recovery of these compromised structures is usually not 
attained.

Alcohol might have been initially used to manage stress, but 
disruption in work, personal, and social relationships, and isolation 
are the fi nal consequences. The urgent need to drink concentrates 
the patient’s remaining energies on securing and ingesting alco-
hol. Denial, minimization, and self-deception are used to explain 
the alcoholic’s deterioration, especially when discussing alcohol use 
with the primary care physician. When the patient’s self-esteem or 
prominence in the community is at risk, lying, evasion, and other 
manipulative behaviors emerge as strategies to avoid admitting the 
problem to the primary care physician and to others. At the point 
of threatened or actual loss of job, family, home, or health, the phy-
sician may intervene and encourage the patient to enter an alcohol 
treatment program.

Primary care physicians normally refer patients with recur-
rent alcoholism who need active motivational counseling that 
treats the biopsychosocial components of addiction (see Table 
18.10). Alcohol abuse is a chronic, relapsing disease, and these 
patients often require consistent interventions by the primary care 
physicians. The recent research has shown that 5 to 15 minutes 
of motivational counseling can reduce heavy drinking by 25% 
(72,73). The recovering alcoholic will need a physician’s guidance 
(Table 18.11) and family support to learn to face life’s stressors 
without the use of intoxicants. With support from the physician, 
the family, and a peer support group, the patient can change his 
or her maladaptive stress management style and abstain from 
alcohol (55,74).

pregnancy. Fetuses can be seriously harmed by alcohol. Fetal 
alcohol syndrome is now one of the three leading causes of pre-
natal mental retardation in the United States, and it is completely 
preventable.

In low concentrations, alcohol depresses the brain’s neuronal 
and synaptic transmission systems, including inhibitory center. 
These depressant effects create three self-reinforcing psychological 
and behavioral patterns:

Euphoria effects
Disinhibiting effects
Anxiety-relieving effects

Initial euphoria effects refl ect central nervous system sedation, 
temporarily increasing self-esteem, courage, and confi dence. To 
the alcoholic, these disinhibiting and anxiety-relieving effects seem 
almost magical.

As dependence and abuse develop, biologically, alcohol acts as 
an antagonist at N-methyl-D-aspartate receptors and as a facilita-
tor at GABA receptors. It also interacts with multiple other neu-
rotransmitter systems in the brain such as the endogenous opioid, 
serotonin, and ultimately dopamine systems (62,63). Corticotropin-
releasing factor, which is involved in stress responses, may play a 
role in mediating alcohol enhancement of GABA neurotransmis-
sion and thus could be involved in the relationship between stress 
and alcohol abuse (64).

The National Council on Alcoholism and Drug Dependence 
and The American Society of Addiction Medicine defi ne alcohol-
ism as a primary chronic disease with genetic, psychosocial, and 
environmental factors infl uencing its development and manifesta-
tions (65). The disease is often progressive and fatal. It is charac-
terized by impaired control over drinking, preoccupation with the 
drug alcohol, use of alcohol despite adverse consequences, and dis-
tortion of thinking, most notably denial. Each of these symptoms 
may be continuous or periodic.

A person who abuses alcohol rarely changes these maladap-
tive behaviors without strong, consistent, systematic, and long-
term treatment. The fi rst step involves accurate diagnosis so that 
the appropriate treatment can follow. A number of useful examiner 
and self-administered questionnaires are available, but the most 
useful diagnostic screen consists of four simple questions. The 
screen’s acronym, CAGE, comes from the critical word in each 
question (66):

1. Have you ever tried to Cut down on your drinking?
2. Are you Angry or Annoyed when people ask you about your 

drinking?
3. Do you ever feel Guilty about your drinking?
4. Do you ever take a morning Eye opener?

One positive response suggests the possibility of alcoholism and 
merits further exploration. Two positive answers make the likeli-
hood of alcoholism extremely high. Three positive responses to 
questions 1 through 3, or a single positive response to question 4, 
is most likely diagnostic for the condition. The helpful features 
of these questions are their simplicity, sensitivity, and effi ciency. 
These questions take under two minutes to ask and they should 
be included in every initial ambulatory and hospital admission 
workup.

Alcohol abuse often is a symptom of psychiatric illness, most 
commonly anxiety and mood disorders. The ubiquity, social accep-
tance, and relative low cost of alcoholic beverages make drink-
ing an effective short-term and maladaptive long-term manner 
of self-medication. If the alcohol problem is a primary disorder 
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biomechanics, and lack effi cient postural mechanics. Conversely, 
in the face of altered connective tissues of the parts of the body 
involved with the expression of a particular emotion, there is often 
inability of the patient to adequately express or communicate that 
emotion. While applying OMT, many physicians have encoun-
tered emotional releases as the connective tissues begin to regain 
their functions (ECOP, 2000).

The physician may also encounter lifestyle choices, attitudes, 
and habits that directly affect the musculoskeletal system. They 
include poor sleeping habits and chemical dependency (i.e., alco-
hol abuse causing fatty degeneration and atrophy of the muscle), 
and the physician may learn about high-risk behaviors, sociocul-
tural values, and views of health and disease that interfere with or 

OSTEOPATHIC MANIPULATIVE TREATMENT

Osteopathic Manipulative Therapy

The musculoskeletal components of the stress response are impor-
tant when considering manipulation as a modality for stress man-
agement. The musculoskeletal system is the physical expression of 
emotions and feelings (ECOP, 2000). In patients with prolonged 
depression, anxiety, or fear, those parts of the body that are used 
to express these emotions tend to have increased tone, altered 

T A B L E  1 8 . 1 0

Biobehavioral Components of 
Addiction-Management Models

1. A public declaration
2. Attend to withdrawal syndrome
3. Aerobic exercise
4. Attacking learned behaviors
5. A supportive group
6. Diary of progress
7. Track economic rewards
8. Track interpersonal rewards

T A B L E  1 8 . 8

Structured Interview to Elicit Information on Probable Alcohol Abuse/Dependence

Opening Inquiries:

Have … you thought you should cut down on your drinking? Why?
Has … someone complained about your drinking? Who? Why?
Do … you feel guilty or upset about your drinking? Why?
Have … you had five or more drinks in a single day in the past month?
How often have you had that much to drink in the past 6 months?
Has that caused any problems?
1.  Has a doctor ever suggested that you stop drinking because of a problem with your health? 

(Count as yes if patient has continued to drink in the last 6 months after doctor suggested 
stopping.)

YES NO

Have any of the following happened to you more than one time in the last 6 months?
2.  Were you drinking, high from alcohol, or hung over while you were working, going to school, 

or taking care of other responsibilities?
YES NO

3.  What about missing or being late for work, school, or other responsibilities because you were 
drinking or hung over?

YES NO

4.  What about having a problem getting along with other people while you were drinking? YES NO
5. What about driving a car after having several drinks or after drinking too much? YES NO
SCORING: Yes to most questions. (Consider responses to opening inquiries and other information known about 
the patient, such as information obtained from a family member.)

Source: From Spitzer RL, Williams JB. PRIME-MD Clinical Evaluation Guide. New York, NY: Biometrics Research, New York State Psychiatric 
Institute; 1994, with permission.

T A B L E  1 8 . 9

Alcohol-related Stress-induced Factors 
Affecting Somatic Dysfunction

Increased central nervous system excitability
Associated vitamin and nutritional deficiencies
Cirrhosis
Wernicke-Korsakoff syndrome
Alcoholic dementias
Functional gastrointestinal changes with and 
without gastrointestinal bleeding
Pancreatitis
Esophageal varices
Blackouts; brief amnesic periods
Ataxia and poor coordination
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and beliefs, using a variety of techniques to change thinking, mood, 
and behavior (See Chapter 16; Table 16.10). Cognitive therapy is a 
structured, goal-oriented, problem-focused, and time-limited inter-
vention. This active approach involving principles of learning, help 
the patient develop new and adaptive ways of behaving. Treatment 
also attempts to alter behavior by systematically changing the envi-
ronment that produces the behavior; such behavioral changes are 
believed to lead to changes in thoughts and emotions.

The osteopathic physician employs all their interpersonal 
skills (see Part II, Approach to the Patient), to elicit information 
on the patients perceptions of stressors but more importantly, the 
thoughts, feelings, and behaviors that contribute to lifestyle choices 
and stress-related symptoms (Fig. 18.1). As a clinician, on aver-
age you will perform 200,000 patient interviews during your career 
(80). The goal is to elicit personal and symptom data, and through 
an osteopathic health oriented approach, formulate a description 
of the patients stress-related symptoms and the biopsychosocial 
factors involved (81,82). The next step is to interpret and synthe-
size this information along with laboratory and physical/palpatory 
assessments to formulate the biopsychosocial description, a diag-
nosis and recommendations for treatment (83,84).

Problem Solving

Many patients need to construct understandable and easy-to-
explain models of the complex interaction of stressful factors in 
their environment to effectively cope with stress. The physician 
must provide the patient with simplifi ed models of how the world 
works and which steps must be taken to problem solve stress. Many 
patients like to use simple models to increase their understanding 
of health problems and the subtle and complex factors surrounding 

facilitate the adaptive response to stressors. Counseling, problem 
solving, and education are at the core of complete and comprehen-
sive osteopathic stress management.

Cognitive Behavioral Counseling

Systematic review of English-language studies listed in Medline 
(through November 2006) and the Cochrane Database of System-
atic Reviews (2006, issue 4) identifi ed ample evidence supporting 
the use of cognitive-behavioral counseling (75) for relief of both the 
stress of chronic pain and depression (76–79). Cognitive therapy 
assumes that a patient’s misconceptions and attitudes about the 
world and themselves precede and produce symptoms such as anxiety 
and depression. Therapy identifi es habitual ways in which patients 
distort information (e.g., automatic thoughts) and teaches patients 
to identify, evaluate, and respond to their dysfunctional thoughts 

T A B L E  1 8 . 1 1

Physician Tasks

The tasks of the physician are to
Develop a strong relationship built on trust
Make the diagnosis of alcoholism compassionately
Elicit the support of family and friends
Refer the alcoholic to a recognized recovery 
program
Reinforce the stress management techniques

Figure 18-1 Stress evaluation steps.

Ask the patient –

Ask the patient –
For the last two weeks have you had any of the following problems
nearly every day:

Ask the patient:

Ask the patient:

How are things going at home...work...in your
family...other relationships...? (Cover financial, legal
and medical care).

•

•
•
•
•
•
•

trouble falling asleep
feeling tired or having little energy
poor appetite or compulsive eating
little interest in doing things
feeling very bad about yourself
trouble concentrating or making decisions

•
•

Have you felt fidgety, nervous, on edge or panicky?
Have you had significant anxiety or panic attacks recently?

Do you have lots of reactions and problems taking prescribed
medication?
Do you need increasing amounts to get any benefit?
Do you feel that you should cut down the amount of
medicines (or alcohol) you are using?
Have people annoyed you by criticizing your medication use
(or alcohol use)?
Do you feel guilty about your medications (or alcohol) use?
Do you take extra amounts of your medicines (or alcohol)
first thing in the morning to get yourself going?

•

•
•

•

•
•

Stressors

Depression

Anxiety

Medication/Alcohol
Abuse
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They worry about not getting to sleep and then are too aroused at 
bedtime to sleep. This worrying leads to fears that they will have 
poor daytime performance if they cannot make themselves sleep. 
This initiate a viscous downward cycle, insomnia begets more 
insomnia and leads to poor learned sleep habits and routines that 
further exacerbate the insomnia. When insomnia lasts more than 
3 weeks, it becomes ingrained and requires specifi c behavioral 
strategies to counteract the learned aspects of the insomnia. Cur-
rent strategies that can mitigate the insomnia include such things 
as relaxation therapies, stimulus control, distraction techniques, 
and sleep hygiene education. Evidence from clinical trials and 
meta-analysis suggests that these sleep habit strategies for insom-
nia are as effective as sedative hypnotics for acute treatment and 
more effective for long-term therapy (89,90). CBT for insomnia 
typically involves visits over six to eight weeks and can be admin-
istered in group format (91). Effectiveness has even been shown 
for patients with insomnia associated with medical and psychiatric 
disorders (93), and for older patients and chronic hypnotic users 
(93). A review of evidence-based treatments for insomnia found 
that 70% to 80% of patients with chronic insomnia showed benefi t 
from sleep habit strategies (94).

Insomnia can be managed effectively by teaching sleep 
hygiene techniques that employ a variety of sleep habit strategies 
(Table 18.12). These techniques form the foundation for the guid-
ance that the osteopathically trained physician gives to the patient. 
When sleep is restored, the patient feels more alert, and there are 
fewer stress-related somatic complaints. Patients practicing good 
sleep habits also report improved concentration, better problem 
solving, and more effective management of their stress.

Augmenting sleep habit strategies with medication for sleep 
during short intervals is another method used to manage insom-
nia. A prescription for exercise and a muscular relaxation train-
ing tape to be used in the evening hours will also promote better 
sleep. All this, coupled with encouragement by the osteopathic 
physician who functions both as educator and guide, will alleviate 
insomnia.

the risks posed by a stressor. Setting the stage for decreased anxiety 
and adaptive coping is as easy as taking a moment to listen to the 
patient’s conceptual model of the stressors in his or her life. From 
there, the physician in a collaborative relationship can offer con-
crete explanations of the stressors and the risks imposed sharing 
expert knowledge with the patient (85). One example is telling a 
patient with back pain that he or she has degenerative disc disease 
and osteoarthritis. Stated as such this can sound intimidating and 
hopeless; however, to help the patient understand the diagnosis, the 
physician can describe the condition from the patient’s perspective. 
Thus, in this example, the patient’s diagnosis could be described as 
“an aging back with stiffness that can be treated in many ways.”

Patient Education

Knowledge gives a sense of control and can powerfully mitigate 
stress (83,84). Education provides patients with information about 
their diagnosis, its treatment, how to recognize signs of relapse, 
relapse prevention, and strategies to cope with the reality of pro-
longed stress. Patients can be given a sense that they can cope by 
learning to anticipate a potential stressor. The perception that a 
stressor can be accurately anticipated or stopped increases one’s 
range of problem-solving possibilities and consequent feelings of 
control. By giving a patient information about stressors before the 
patient’s exposure to them, researchers have reduced the threat-
ening appraisals made when the stressor is experienced. Studies 
have determined that the stress of surgery or of common medical 
procedures can be reduced by giving patients accurate expectations, 
particularly in terms of pain and recovery time. In essence, through 
adequate patient education and the development of appropriate 
coping skills, the inescapable stress becomes escapable, the unman-
ageable stress becomes manageable, and the patient regains control 
over their life.

Assertiveness Training

The physician often teaches assertiveness and problem-solving 
techniques. These techniques are most effective with individuals 
who experience stress as a result of diffi culties in self-expression. 
A lack of appropriate interpersonal skills exacerbates stress-related 
physical symptoms. For example, an overwhelmingly demanding 
boss or spouse may be a common cause of stress-related symptoms 
seen in a primary care setting. By teaching verbal strategies to more 
effectively deal with excessive and unfair demands, patients learn 
new and more effective coping behaviors.

Insomnia Management

In the United States, approximately 10 million people consult their 
health care provider annually for sleep disorders, with half receiv-
ing prescriptions for sleeping medications. Epidemiologic studies 
suggest that 20% to 35% of respondents describe sleep problems 
as severe or constant for as long as 14 years; however, other health 
problems are commonly identifi ed as the primary complaint (86). 
Persistent insomnia is not life threatening. When compared with 
good sleepers, however, insomniacs experience more (87,88) somatic 
complaints, anxiety, depression, and have a greater propensity for 
alcohol and other substance abuse.

An inability to remain asleep is most common initial presen-
tation; this is soon followed by diffi culty falling asleep and then 
by abnormal early morning awakening. Typically, insomniacs 
are chronically aroused autonomically (anxious), or cognitively 
distressed and unable to stop thinking and worrying at bed time. 
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Good Sleep Habits

Get up about the same time every day, regardless of 
when you go to bed.
Go to bed only when sleepy.
Establish relaxing presleep rituals.
Exercise regularly and keep active.
Organize your day around regular times for 
eating and outdoor activities with regular 
exposure to bright light, which synchronizes 
circadian cycles.
Avoid caffeine, nicotine, alcohol, excessive warmth, 
and hunger at bed time.
If you nap, try to nap at the same time every day.
When laying down to sleep, relax all your muscles, 
particularly your face and jaw, and breath slowly and 
evenly.
If you do not fall asleep in 20 minutes, get back up 
and return to bed when sleepy.
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trusted advice available when planning a predicted transition to 
the comfort and nurturing of friends, neighbors, and community 
during an unforeseen tragedy. Confi dants also help professionals, 
such as the clergy or physicians, to provide assistance. The osteo-
pathic physician assumes an important role by providing this help 
and counseling the stressed patient. Referrals to self-help groups 
in the community such as Alanon and Recovery, Inc. can help to 
reduce the patient’s self-absorption. Participation in these groups 
also leads to the development of outside interests that are compat-
ible with a lifestyle free of addictions. Last, but certainly not least, 
religious faith provides the opportunity for a spiritual confi dant. 
Patients for whom a spiritual dimension to life is important derive 
great comfort and benefi t from their belief in power and mean-
ing beyond what can be known in life in the world. Physicians 
should not underestimate the positive healing power of spiritual 
belief systems.

Spiritual Support

For patients undergoing elective open heart surgery for coronary 
artery disease, those experiencing strength or comfort from their 
spiritual feelings are three times more likely to survive than are 
those without spiritual support. Those who participate in social 
and community groups (such as local school programs, senior cen-
ters, historical societies, etc.) also have three times the survival rate 
of those who do not take part in social activity. A 1995 study (98) 
involving 232 patients over age 55 found that seniors who had both 
“protective factors,” that is, spiritual and social support, enjoyed a 
10-fold increase in survival. The amount or type of spiritual or 
social activity did not matter as much as the participation, comfort, 
and support derived from the activity (98). Why and how spiritual 
feelings and social support extend life after open heart surgery is 
not understood. There are many studies corroborating this health-
enhancing, life-prolonging effect in a variety of circumstances 
and population groups. It is well documented, for example, that 
Mormons (both clergy and devout members) have extremely long 
life expectancies. The physiologic mechanisms behind longevity, 
health, and social support are not well understood, however (see 
Chapter 30, “Integration of Mind/Spirit”).

Group Support

Encourage your patient to become involved in settings and groups 
of people who are coping with stress. This can lead to new pat-
terns of coping behaviors. For example, patients with intractable 
pain fear physical movement. Having them attend a group aquatic 
exercise program lets them observe others, perhaps older or in 
poorer health than themselves, moving without damage or injury. 
This vicarious learning lessens the patient’s apprehension when the 
painful area is moved. In managed care population studies, group 
sessions for identifi ed high utilizing distressed patients, including 
education, social support, and coping skills, as well as an oppor-
tunity to individually interact with a physician after the session, 
improved patient satisfaction and led to lower costs for hospitaliza-
tion, as well as fewer emergency department visits and subspecialty 
referrals (7,99).

CONCLUSIONS

The osteopathically trained physician has many available tools 
to employ a broad approach to stress-related problems, includ-
ing varieties of somatic dysfunction. Anxiety, depression, insom-
nia, and drug and alcohol abuse are common symptoms seen in 

Muscular Relaxation

Progressive relaxation is based on the premise that muscle tension is 
closely related to anxiety. Individuals feel a signifi cant reduction in 
experienced anxiety as their tense muscles are taught to relax. The 
teaching of progressive muscular relaxation skills follows a standard 
procedure. The individual practices muscle relaxation after he or 
she decides which muscle groups are tense. For example, the indi-
vidual is instructed to tighten his or her jaw and notice a pattern 
of feeling strain in these muscles. After maintaining the tension 
for approximately 10 seconds, the subject is instructed to let the 
muscle group completely relax, and then to notice a difference in 
sensation as the places that were previously tense and strained relax. 
After a few minutes of relaxation, repeat the sequence. The main 
goal of the training program is to teach individuals what it feels 
like to relax each muscle group and to provide practice in achiev-
ing greater relaxation. Once the individual can discriminate the 
pattern of tension in a particular muscle group, omit the instruc-
tion to tense before relaxing. Instead, the individual must relax the 
muscle from the present level of tension. The original relaxation 
procedure required months of training with hundreds of trained 
muscle sites. Clinical practice employs a much more abbreviated 
form of training and is easy to teach to the patient in a primary care 
setting.

Biofeedback

In biofeedback paradigms, the individual is taught to use physi-
ologic monitoring equipment to perceive physiologic processes. 
Once the physiological process is perceptible, the individual is 
taught to monitor the process. By receiving auditory or visual feed-
back, one learns about the close relationship between mind and 
body. The availability of sensitive recording devices for home use 
has made it possible to work on these skills in a more organized 
and regular manner. There are a number of systematic and well-
controlled outcome studies that show the clinical effectiveness of 
Electomyographic Biofeedback (95–97). Temperature biofeed-
back, which is also receiving positive support in the literature, has 
been shown to control Raynaud phenomena and migraine head-
aches. From an osteopathic perspective, biofeedback makes it pos-
sible to extend voluntary control over some elements of somatic 
dysfunction by decreasing arousal responses affecting somatic and 
viscerosomatic refl ex activities. Learning to master these responses 
helps develop a sense of control and improves confi dence in one’s 
self-healing abilities.

Social Support

One of the major factors attenuating stress is an effective sys-
tem of psychosocial support. The physician should conceptualize 
a patient’s support system as a network of expanding concentric 
circles with the patient’s closest confi dant at the center. This social 
network gives a person the feeling that he or she is valued and cared 
about. The idea that people need to be surrounded by groups of 
people who provide love and a sense of belonging is not new. The 
patient needs help to identify mentors and signifi cant others in his 
or her environment whom he or she can trust and with whom he 
or she can share feelings. The importance of having person(s) in 
whom we can confi de cannot be overemphasized in buffering the 
effects of life stress. Most times, this central confi dant is a spouse 
or best friend, or it could be anyone who demonstrates care, con-
cern, and respect for feelings and opinions. This confi dant serves 
the preventive role of ensuring that all burdens and troubles can be 
shared. A system of support ranges from the confi dence of having 
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primary care offi ces. Osteopathic management can be practiced in 
three ways:

1. By treating symptoms as they are reported and observed.
2. By giving advice on managing stressors.
3. By guiding and mentoring stress-related responses toward posi-

tive coping behaviors and strategies (the most rewarding).

Successful diagnosis depends on the understanding the interaction 
of the biopsychosocial factors that lead to stress-induced problems. 
Successful treatment depends on giving clear explanations so that 
the patient understands the mechanisms that perpetuate his or her 
distress. The long-term goal to assist the patient toward self-mastery 
and self-healing through a collaborative doctor—patient relation-
ship based on treating the whole person—mind, body, and spirit.
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Life Stages—Basic Mechanisms
JED MAGEN, ALYSE LEY, DEBRA WAGENAAR, AND STEVE SCHEINTHAL

Human development involves the complex interaction of biological 
infl uences and environmental effects. From the time of conception 
through death, the individual continuously develops. The process 
of development and the phases of development, however, follow a 
paradigm that is discontinuous. Transitions from one phase of devel-
opment to another are characterized by “biobehavioral shifts” (1). 
These times of transition involve relatively abrupt reorganizations 
of biologic, cognitive, affective, and social characteristics result-
ing in more complex behaviors and abilities by the organism (2). 
Recent studies have demonstrated that the dramatic physiologic 
and “psychological competencies” that occur in early development, 
especially during the fi rst two years of life, are temporally correlated 
with the anatomic, biochemical, and physiologic changes occurring 
in the brain (3).

The timing and genesis of a biobehavioral shift is mediated 
by and dependent upon the expression, repression, and depres-
sion of genes that are themselves both environmentally and 
biologically infl uenced. Phenotype is the observable physical 
or biochemical characteristics of an organism as determined by 
both genetic makeup and environmental infl uences. Cells can 
modulate functions in response to internal and environmental 
factors. The theory of “phenotypic plasticity” explains the abil-
ity of a specifi c environmental stressor to alter the phenotypic 
expression of a gene (4). Defects in plasticity alter genes and 
stem cell processes leading to many forms of cancer (5,6). From 
an evolutionary perspective, organisms continuously attempt 
to manipulate their environment in ways that are benefi cial to 
them. An abnormality in development resulting in a disorder or 
disease process may be an adaptive response to an environmental 
stressor. The infl uence of genes in early development may also 
result in a disease process in later development. For example, 
gene and prenatal environmental interactions are correlated 
with adult health, including the risk of coronary artery disease 
and type 2 diabetes (7). Genes not only impact physiologic mecha-
nisms resulting in disease, they also shape psychological develop-
mental outcomes. Serotonin transporter promoter polymorphism, 
or the variation in serotonin transporter genes, is linked to 

temperament, antisocial behavior, and substance abuse disorders 
among adolescents (8).

The move from childhood to adolescence is a particularly 
cogent example of a “biobehavioral shift.” Puberty is associated 
with an upsurge in sexuality with very different behaviors toward 
the opposite sex, for example, an increase in aggression and striking 
physical changes and cognitive changes (9). Relationships during 
adolescence transform from a family-centered focus to a peer rela-
tions focus. Adolescence also marks a change in the epidemiol-
ogy of various disorders. Illustrating this change, the sex ratio for 
depression changes from 1:1 to a larger predominance in females.

PRENATAL PERIOD

Rapid development during the prenatal period is infl uenced by 
multiple factors. Embryogenesis is affected by the complex inter-
actions between genes and the intrauterine environment. Genetic 
predispositions are determined by maternal and paternal gene 
composition prior to conception. The association between mater-
nal age and the increased risk of chromosomal abnormalities such 
as trisomy 21 has long been established. Paternal age also appears 
to contribute to the etiology of birth defects, including heart, gas-
trointestinal, and musculoskeletal defects, as well as chromosomal 
abnormalities (10).

In utero environmental factors, such as exposure to alcohol, 
drugs, maternal malnutrition, and maternal stress, infl uence pre-
natal growth and development. Cigarette smoking and malnu-
trition are associated with decreased fetal growth and low birth 
weight. Alcohol exposure can result in fetal alcohol syndrome, 
which occurs in 1 in 500 to 1,000 live births, and includes charac-
teristic facial features, mental retardation, behavioral abnormalities, 
and language delays (11). There is now evidence that fetal alcohol 
exposure should be considered in the pathogenesis of some cases 
of attention defi cit hyperactivity disorder (ADHD), depressive dis-
order, oppositional defi ant disorder, conduct disorder, and specifi c 
phobia (12). Maternal wellbeing is essential to fetal growth and 
development. Multiple studies have demonstrated the infl uence 

K E Y  C O N C E P T S
■ Human development involves the complex interaction of biological influences and environmental effects.
■ Infants come equipped with preprogrammed capabilities that have evolved to maximize survivability.
■ Adolescence marks a time of profound biobehavioral shifts with reorganization of cognitive, emotional, and 

biologic functioning.
■ The definition of adulthood and the transition to geriatric status is fluid.
■ While we often tend to view elderly individuals as a homogeneous group, there are actually tremendous variations 

in the physical and emotional aspects of aging.
■ The definition of “older adult” depends upon the context in which it is given. Age-related changes begin by 

the third or fourth decade of life.
■ The major focus of geriatric care is optimizing function, avoiding institutionalization, and maintaining the older 

adult in the community.
■ A mental status examination is a part of thorough geriatric evaluation.
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the ability to discriminate speech sounds (21). These and other 
abilities allow infants to participate in the dyadic interaction with 
the primary caregiver known as attachment. These innate prepro-
grammed behaviors and capabilities are critical in the attachment 
process. Attachment can be defi ned as “an enduring emotional 
bond uniting one person with another” (22). Preprogrammed 
behaviors and predispositions of the infant serve to help develop 
a secure attachment between the infant and care giver, allowing 
optimal psychosocial development to take place. Instinctive care-
giver behaviors also contribute to the attachment process. Care-
givers tend to hold infants at a distance maximizing face-to-face 
contact, engage in exaggerated greeting behaviors, and imitate 
infants’ facial and vocal expressions. All these behaviors promote 
attachment (24). Newborns reciprocate by making eye contact 
and vocalizing. The temporal relationship that exists between the 
neurobiological development of the brain and the emergence of 
more complex behaviors is evident in the acquisition of devel-
opmental milestones that allow the infant to participate in more 
complex interactions with caregivers and their environment. The 
appearance of a social smile by eight weeks helps to engage the 
caregiver, thereby promoting the reciprocal relationship. By 2 to 
3 months, preprogrammed neonatal refl exes begin to disappear 
allowing the emergence of more complex abilities. Cortical inhi-
bition of the brainstem causes the palmer refl ex to recede and 
spontaneous crying becomes less prominent. Simultaneously, the 
hippocampus and surrounding structures develop the sophistica-
tion to permit the beginnings of recognition memory, allowing 
the infant for the fi rst time to store events from the immediate 
past, thereby promoting the infant caregiver relationship. Work-
ing memory, the ability to compare past and present, emerges in 
the form of stranger and separation anxiety develops at approxi-
mately 7 to 10 months of age and coincides with the matura-
tion of the prefrontal cortex, hippocampus, limbic system and the 
integration of the hypothalamic-pituitary axis (25).

New behaviors that elicit stimulation from caretakers con-
versely contribute to brain growth and development in infants. 
The brain grows most rapidly during the fi rst year of life. Glu-
cose use in the cerebral cortex rises from birth to 4 years; at age 
4 it is twice that of the adult. During the fi rst two years of life, 
there is tremendous growth and proliferation of neurons, axons, 
dendrites, and synapses. As time passes, these complex networks 
are pruned in part based upon how actively they are used (26). This 
“use it or lose it” phenomenon partly accounts for the smaller brain 
growth seen in cases of deprivation. Failure to thrive is typifi ed by 
infants who do not demonstrate appropriate growth or achieve-
ment of developmental milestones. This diagnosis can be divided 
into two categories based on whether the etiology is organic or 
environmental. The earliest sign of failure to thrive is often the lack 
of a social smile. This is the direct result of the inability to achieve 
a relationship with the caretaker that involves handling and posi-
tive interaction. There is experimental evidence that touch, in part, 
operates as a soothing mechanism in animals by activating brain 
opiates (27). This mechanism may be operative in the therapeutic 
effects of osteopathic manipulative medicine.

The importance of closeness and touch is well documented 
in the literature on breast feeding and developmental outcomes. 
Breast milk provides multiple health, nutritional, and immuno-
logic benefi ts as well as the perfect natural setting for bonding 
and attachment to take place. Breast feeding has also been impli-
cated in the earlier development of language and motor skills 
(28). A growing body of research indicates that breast feeding is 
associated with increased cognitive abilities and later academic 
achievement (29). The long-chain polyunsaturated fatty acids, 

of maternal psychopathological symptoms and the impact on the 
developing fetus. Untreated depression during pregnancy has been 
linked to preeclampsia, spontaneous abortion, early labor, bleeding 
during gestation, small fetal size, low birth weight, preterm deliv-
ery, increased neonatal care unit admissions, and elevated cortisol 
levels in the neonate (13). Prenatal exposure has also been linked 
to early childhood behavior disorders. Children born to mothers 
who endured intimate partner violence during pregnancy have 
signifi cantly more behavioral disorders than their counterparts (14). 
Prenatal stress has been implicated as an important factor in the 
neurodevelopment of cognitive abilities and fearfulness during 
infancy (15).

Attachment begins prior to infancy. As the embryo completes 
its transition into a fetus and the fetus develops into the neonate, 
mothers and other family members undergo an emotional trans-
formation. In preparation for childbirth and caring for the infant, 
mothers often become preoccupied with herself and the pregnancy. 
This phenomenon is especially pronounced after fetal movement is 
detected. Fathers may initially experience attachment when view-
ing their fetus through sonographic examination or when they can 
feel fetal movement through the mother’s abdomen. Complica-
tions such as preterm delivery can adversely affect the infant and 
the developing relationship with parents. The complex measures 
used to sustain premature infants oftentimes make it diffi cult for 
parents to develop attachments to their infant. Parents may not 
perceive the infant responding to them as a term infant would. This 
lack of reciprocal interaction can begin to shape the infant-parent 
interaction and add to complications in growth and development, 
sometimes leading to later behavioral diffi culties. The neonatal 
care unit is not an atmosphere that fosters the parent child dyad. 
Parents of preterm children are often unable to feed or care for 
their infant in the usual ways. Preterm infants are at risk for severe 
neurological and physical disabilities as well as eating disorders, 
ADHD, learning disabilities, visual-motor disorders, and language 
impairment. The stress of preterm delivery and adjustment to car-
ing for a medically ill child places the mother-infant relationship 
in jeopardy. Early family support and intervention while the infant 
is in the hospital and during the transition home help to decrease 
stress and the risk of maternal depression, thereby increasing posi-
tive mother-child interactions (16,17).

INFANCY

On the 18th day of gestation, the nervous system begins to develop 
(114). Brain growth and development in the fetus proceeds in 
a predictable manner from the brainstem to the cerebral cortex 
(18). At birth, the gross anatomical structure of the brain is nearly 
identical to the adult brain, but the complex neural connections 
and pathways will continue to develop until adulthood. The lim-
ited capacity of the female pelvis to accommodate the fetal head 
forces brain growth to continue outside the uterus. Given this 
limit on brain size, infants are equipped with only those capabili-
ties needed for survival. The brainstem is almost fully functional 
in the newborn but the forebrain and limbic structures are imma-
ture by comparison (19). Infants come equipped with prepro-
grammed capabilities that have evolved to maximize survivability. 
Adaptive refl exes including rooting, sucking, grasping, and Moro 
allow the infant to feed and maintain close contact with the care-
giver. Less overt capabilities are also present in the infant at birth. 
Newborns engage in complex visual activities. They scan patterns 
by means of eye movements going back and forth across edges 
(20). At birth, infants discriminate their mother’s voice from the 
voice of others. Between one and four months of age, infants gain 
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negative effect of post partum depression on “later distractibility, 
antisocial and neurotic behavior” that may continue until age 5. 
The degree of cognitive and behavioral effects on the child is 
directly correlated to the severity and duration of the depressive 
episode in the mother (34).

Adaptability, the ability to modulate and change behaviors in 
conjunction with the environment, is an important attribute in 
both infants and caregivers. For example, a parent who is unable 
to remain calm and soothe an irritable, cranky infant is likely to 
have an infant who is in fact irritable and crying most of the time. 
The situation, sometimes labeled as colic, may be the result of a 
mismatch between what the parent is able to provide and what 
the child needs. Competent caregivers are able to modulate their 
infant’s arousal caused by displeasure, fear, or frustration by calming 
the infant and returning him or her to a tolerable emotional state. 
Given at least average parenting, most infants are able to obtain 
the stimulation and nurturance needed from the environment to 
progress developmentally (35,36).

docosahexaenoic acid and arachidonic acid, found in human milk 
are essential in the growth and development of the central nervous 
system (CNS). Many studies suggest that the fatty acids found in 
breast milk confer long-term benefi ts as well. Early infancy and 
childhood nutrition are linked to diabetes and atherosclerosis in 
adulthood (30,31).

Infancy is a critical time for attachment and bonding. Decreases 
in the normal expected quantity or quality of stimulation as seen in 
post partum depression may have profound effects on the develop-
ment of the infant. Infants of depressed mothers exhibit dysregu-
lated neurobiological rhythms including elevated norepinephrine 
and cortisol levels, decreased vagal tone, and right frontal EEG 
activation. They show lower scores on the Bayley Scale for infant 
development and growth delays up to 12 months ?(32). Maternal 
impairment during infancy may have lasting effects throughout 
childhood. Post partum depression has been linked to emotional, 
cognitive, and behavioral disorders in infants and children (33). 
An analysis of the literature on child behavior demonstrates the 

Age Gross Motor Fine Motor Language Social

1 month Elevates head momentarily 
from prone position

Tight fist grasp Responds to sounds Prefers the human 
face

3 months Steadily holds head up in 
midline

Hands held open at 
rest, reaches for objects

Coos Anticipates feeding

4–5 months Rolls over Hand-to-hand transfer Laughs Visually explores 
environment

6 months Sits up Raking grasp Babbles Stranger recognition
9 months Crawls, pulls self to 

standing position
Immature pincer grasp, 
holds bottle

Waves bye-bye, 
understands “no”

Plays games “pat a 
cake”

12 months Walks Mature pincer grasp Uses single words Begins to imitate 
actions

18 months Runs Scribbles, three block 
tower

Combines two words Copies parent tasks

24 months Walks up/down steps Draws a line, removes 
shoes and pants, seven 
block tower

Follows two-step 
commands, uses 
two-word sentences

Parallel play

3 years Rides tricycle Draws circle, undresses 
self completely

Vocabulary at least 250 
words, uses three word 
sentences

Gender identity, full 
name and age

4 years Jumps, hops on one 
foot, alternates feet 
going up and down 
stairs

Draws square or plus 
sign, dresses self 
completely

Knows songs, poems, 
and colors

Plays cooperatively 
with others

5 years Skips, jumps over object Draws triangle Writes name, some 
letters, and numbers

Plays games and 
understands rules

AGE 1 TO 5

Prominent language, motor, social, and emotional changes develop 
between the ages of one and fi ve. The abundant number of synapses 
and continued growth and proliferation of neural connections in 
the fi rst 2 years is demonstrated in the rapid acquisition of develop-
mental skills and milestones. Expressive language becomes evident 
by the end of the fi rst year. Receptive language exceeds expres-
sive language until approximately the age of 4 to 5. The child’s 
language progresses from cooing (3 to 6 months) and babbling 
(6 to 18 months) to single words (12 months). The appearance 

of single words between the age of 8 and 18 months marks a transi-
tion after which time there is rapid acquisition of words (37). At 
this age, children also begin to walk allowing them to explore their 
environment more independently. A sense of one’s own body also 
begins to emerge in a coherent way. Gender identity appears to be set 
by age two and a half (38). As the children gain motor and language 
skills, a sense of self and independence develops. With increasing 
self-reliance and a developing ability to understand and evaluate 
social situations comes the appearance of behavior that differs from 
those desired by the parents. The suddenly-less-than-compliant 

Chila_Chap19.indd   300Chila_Chap19.indd   300 8/5/2010   7:20:00 PM8/5/2010   7:20:00 PM



 19 • LIFE STAGES—BASIC MECHANISMS 301

caused the divorce. It is not unusual to see increases in depression, 
oppositional, and angry behaviors and declines in school grades as 
a result. Objects also tend to be measured and defi ned by only a 
few of several possible dimensions and may be classifi ed in idio-
syncratic ways. Children may measure the volume of a column of 
water exclusively by its height or width without taking into account 
changes in both parameters (46). Piaget termed this preoperational 
thinking. Children who learn how to recognize constant qualities 
or quantities of material even when the material changes shape or 
color are said to have achieved the concrete operational level.

This is also a time period when personality is rapidly develop-
ing and changing. A 6 year old is very different cognitively, socially, 
and emotionally from a 10 year old. There is always debate about 
what the major infl uences on personality are. Table 19.1 lists those 
thought to be most important. We have discussed temperament in 
an earlier section of this chapter. Basic components of parenting 
include consistency and limit setting. The importance of parent-
ing is refl ected in the numbers of programs developed to help par-
ents with these kinds of skills. Most do not have any experimental 
verifi cation. One well-known model that seems to have empirical 
validity has been used in schools and by mental health professionals 
for over 30 years. The Love and Logic model (Charles Fey, Ph.D.) 
(http://www.loveandlogic.com/) postulates that (1) children learn 
the best lessons when they’re given a task and allowed to make their 
own choices (and fail) when the cost of failure is still small; and 
(2) that the children’s failures must be coupled with love and empa-
thy from their parents and teachers. The California Evidence-Based 
Clearinghouse for Child Welfare reports no research studies that 
document effi cacy. Expressed emotion (EE) is a concept that, in 
contrast, is well studied in many different populations. EE consists 
of parental critical comments, hostility, and overcontrol. High levels 
of criticism especially have been correlated with poorer outcomes 
in children with physical disabilities and psychopathology (47,48). 
School quality seems to be related to both academic achievement 
and to healthy personality development. The way children relate to 
peers is important in overall adjustment. Students who had good 
relationships with teachers and peers did better in terms of engaging 
in school emotionally and behaviorally (49). There is good evidence 
that on balance, birth order affects intellectual performance (50) and 
personality characteristics within the family constellation, but per-
haps not outside the family (51). It has been pointed out that the 
protests of the 1960s resulted in a cohort of individuals who are less 
likely to listen to authority and to follow social conventions (52).

2- to 3-year-old has entered the “terrible twos,” a period often 
marked by a strong need for autonomy that often leads to oppo-
sitionality. Consistent and calm limit setting often helps parents 
navigate through this sometimes challenging time.

Children in the United States become interested in toilet train-
ing between age 2½ and 4. Most children in the United States 
are trained by age 3. Readiness for toilet training is based upon 
social-emotional skills, the acquisition of motor skills and sphinc-
ter control. Intensive toilet training prior to 27 months of age is not 
associated with earlier completion of training and is likely to take 
signifi cantly longer to master (39). It is important not to develop a 
battle of will around toileting issues. Healthy children with compli-
cated toilet training more often are found to have constipation and 
diffi cult temperaments (40).

The toddler and preschool years are often complicated by the 
introduction of a new sibling. Many children will feel displaced 
by this intruder. It is not unusual for children to oscillate between 
excitement and anger. Children often displace anger onto inanimate 
objects such as toys. Regressive behaviors including bedwetting, 
thumb sucking, or oppositionality may be observed. Opportunities 
to be alone with parents, to engage in pleasurable activities, and to 
safely displace anger are essential.

Parenting is crucial in the growth and development of children. 
Children who are exposed to adverse events during early childhood 
may be impacted for life. Child Protective Services investigated 
3.5 million cases (5% of all children in the United States) of child 
abuse or neglect in 2004. The majority of abuse cases and deaths from 
child maltreatment occur in children under the age of 4 (41). Children 
who are abused or neglected in early life suffer enduring behavioral 
and neurobiological consequences. At a minimum, they appear to 
have increased vulnerability for psychiatric disorders (42). Abuse is 
correlated with a host of maladaptive behaviors and psychiatric diffi -
culties in young children, including personal and academic diffi culties, 
aggression, suicidal behavior, risk tak ing, and diagnosable psychiatric 
disorders (43). Recent literature suggests that exposure to early child-
hood abuse and/or neglect may alter brain structure and function. 
Exposure to abuse is associated with EEG abnormalities, alterations 
in the corpus callosum, and decreased synapse density and volume 
in the hippocampus. There appear to be critical periods during early 
childhood when discrete brain regions are most sensitive to stress and 
likely to be altered (44). Early maltreatment has a dramatic impact 
on the developing hypothalamic-pituitary axis. Child abuse has long-
term consequences on basal cortisol levels and the ability of the Hypo-
thalamic Pituitary Adrenal (HPA) axis to respond to stress (45).

SCHOOL AGE CHILD

Generally, children from school age to puberty are considered to be 
school age or latency age children. The major tasks of this period 
are cognitive development and socialization. Central experiences 
for children during this period are the family and school. Atten-
dance at preschool or public school may be a child’s fi rst experience 
with adults other than parents. A premium is placed in this setting 
on the ability to interact in socially appropriate ways with other 
children and adults. Rapid advances in interactional abilities take 
place. Children begin to learn strategies for continuing interac-
tions and for reengaging after rejection and failure in groups. Self-
concept and internalization of self-identity is heavily dependent on 
these early experiences in school. Cognitively, Jean Piaget noted 
that young school age children are dominated by “centrition.” They 
tend to view events as happening to them or in some way being 
affected by them. For example, children in this age group who 
experience parental divorce usually think that they, in some way, 

T A B L E  1 9 . 1

Major Influences on Personality 
Development in Children

1.  inherited physiologic patterns known as 
temperament

2. parental practices and personality
3. quality of schools attended
4. relationships with peers
5. ordinal position within the family
6.  historical era in which late childhood and early 

adolescence are spent

Source: From Kagen J. The role of parents in children's psycho-
logical develoment. Pediatrics 1999;104(1 Suppl): 164–167.
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The initiation and onset of puberty illustrates the complex 
interplay of genes and environment. The initiation of puberty 
is under control of multiple genes (59), and it is estimated that 
genes account for about 75% of the variation in time of onset of 
puberty (60). Consider, however, that female athletes tend to have 
delayed menarche based on body fat levels determined by diet and 
exercise. This illustrates the complex interplay of genetic and envi-
ronmental factors.

Cognitive and social-emotional factors are extremely important 
during this time period. Cognitively, adolescents move from the 
state of concrete operations to formal operational processes (47). 
They begin to grasp highly abstract concepts and manipulate them. 
They develop the ability to use deductive and inductive reasoning 
to solve problems.

Development of these executive functions is related to marked 
changes in brain growth and organization that occur in adoles-
cence. There may be a critical period for brain growth and devel-
opment during this time. The prefrontal cortex and limbic systems 
undergo extensive reorganization. Dopaminergic and serotonergic 
inputs increase to frontal lobes, and there is an increase in gray 
matter volume resulting, in part, in greater frustration tolerance 
and better ability to delay impulses. There appears to be overpro-
duction of neurons and synapses early in adolescence and pruning 
later on. As in earlier childhood, the amount, types, and qual-
ity of interaction and stimulation probably heavily infl uence this 
remodeling/production/pruning process (61). For example, tasks of 
selective attention, working memory, and problem solving improve 
consistently during this period and correlate with frontal cortical 
synaptic pruning and myelination (62). Drugs or injuries related to 
sensation seeking can cause profound behavioral and neurobiologi-
cal distortions affecting the rest of life. Some studies show that in 
animals, adolescent brains are uniquely sensitive to alcohol (63).

Perhaps the hallmark of adolescence is the process of sepa-
ration-individuation (64). Adolescents develop a relatively stable 
adult personality structure that tends to endure and as part of the 
process, they gradually separate from their family. Many factors 
contribute to and interact with this critical developmental process. 
Cognitively, adolescents can now conceive of a larger world and 
others outside their family as being relevant and important. Their 
peer group begins to be more important than parents regarding 
matters like dress, opinion, and in numerous other ways. They are 
overwhelmingly concerned with relationships with the same and 
opposite sex. This is not accidental or only determined by cultural 
norms. Adolescents use these new relationship abilities and their 
newly developed ability to think independently in order to separate 
from their family, build an increasingly independent lifestyle, and 
develop a character structure capable of self-regulation and inde-
pendent action. Most adolescents have some confl ict with their 
parents around at least a few things, and this may even enhance 
the process. However, viewing this time as a developmental period 
of turbulence does not seem to be true for a substantial number of 
adolescents. Offer and colleagues (65) documented a large group of 
male adolescents who seemed to go through this period of time in 
a “continuous growth” mode. They found little evidence of confl ict 
or turmoil with family members, and this group was able to inte-
grate various experiences of adolescence and to accept cultural and 
societal norms without confl ict.

Some adolescents separate in maladaptive ways. Individuals 
who engage in delinquent acts are in part choosing an alternative 
path of separation from the family. There is also good evidence 
for gene-environment interactions related to some maladaptive 
behaviors. For example, Nilsson and colleagues report that indi-
viduals with the short variant of the MAO-A gene and who had 

Psychiatric disorders as listed in Table 19.2 commonly begin 
in this age group. Depressive disorders are present but are less 
common. Children date the onset of internalizing disorders like 
depression earlier than their parents so that when identifi ed, 
depression and anxiety disorders have likely been present for a lon-
ger time. On the other hand, parents and children agree about the 
timing of onset of externalizing disorders like oppositional defi ant 
disorder (53).

It appears that childhood behavioral disorders are fairly stable 
into adolescence, so that the presence of a behavior disorder in 
childhood is predictive of disorder into adolescence (54). Impor-
tantly for adults, it appears that most lifetime psychiatric disor-
ders fi rst appear in childhood (53). This makes identifi cation of 
psychiatric disorders in children critically important for treatment 
and prevention. In one survey of 1,060 pediatric practices, approxi-
mately 16% of patients were identifi ed with psychiatric disorders 
and 55% of parents who reported a psychiatric disorder did not 
report discussing it with their pediatrician (55). Rates of use of 
mental health services for children are lower than indicated based 
on rates of disorder (56). Based on this and other data, identifi -
cation and referral for children and adolescents with psychiatric 
disorders is a problem. Primary care practitioners can improve 
identifi cation by using parent-and patient-completed standardized 
questionnaires they can then review (57). Table 19.3 lists some of 
these questionnaires.

ADOLESCENCE

Adolescence marks a time of profound biobehavioral shifts with 
reorganization of cognitive, emotional, and biologic functioning. 
Adolescence generally coincides with the onset of puberty. In 
females, breast budding precedes menarche by about 1 year (58). 
In males, the onset of puberty is marked by pubic hair and penile 
growth (58).

T A B L E  1 9 . 2

Common Psychiatric Disorders in 
School Age Children
Separation anxiety disorder
Attention deficit hyperactivity disorder
Learning disorders
Oppositional defiant disorder

T A B L E  1 9 . 3

Standardized Questionnaires for use in 
Identifying Psychiatric Disorder in 
Children and Adolescents
Pediatric symptom checklist-17
Beck depression inventory (age 16 and older)
Child depression inventory
Child behavior checklist
Strengths and difficulties questionnaire
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younger age groups. A sudden personality change is grounds for 
suspecting CNS disease. For instance, a patient who presents with 
the development of depression at age 52 with no history of psy-
chiatric disorder, or a patient who begins to make impulsive deci-
sions and sexually inappropriate comments needs to be worked up 
medically for space-occupying lesions as well as neurodegenerative 
disorders.

Eric Erickson’s psychosocial stages of development in adult-
hood include:

1. Intimacy versus Isolation: Developing a cooperative, close, and 
supportive relationship with a spouse or signifi cant other, often 
leading to starting a family, is a major task. Negotiating between 
parents around who does what at home and who takes care of 
the children at what times are major issues in a society where 
often both spouses work. Nontraditional family settings with a 
single parent or two parents of the same sex are more and more 
common and present their own challenges related to intimacy, 
childcare, and support.

2. Generativity versus Stagnation: A concern for and active 
involvement in guiding the next generation is a characteristic of 
individuals who achieve generativity. People who are generative 
also have fulfi lling work and relationships. Contrast this life-
style and values to persons who are without intimate relation-
ships and who dislike their work and are waiting to retire.

3. Integrity or Ego Integrity versus Despair: This stage is discussed 
under geriatrics below.

One of the few studies to look at long-term aging followed several 
groups of men and women over a 60-year period. George Vaillant 
describes six factors in middle age (50) that have seem to be cor-
related with getting to age 80:

■ Having a warm marriage
■ Possessing adaptive coping strategies
■ Not smoking heavily
■ Not abusing alcohol
■ Getting ample exercise
■ Not being overweight

These people are more likely going to be the “happy well,” people 
“who subjectively enjoy their lives and are objectively healthy” (69). 
Physicians see these people less often in their offi ces than the wor-
ried well or those who have debilitating chronic illnesses.

GERIATRICS

Introduction

Aging is a diverse, complex phenomenon that requires the physi-
cian become aware of both normal and pathological changes asso-
ciated with it. The osteopathic physician’s holistic perspective is 
especially advantageous in helping geriatric patients with complex 
medical, psychosocial, and end-of-life issues. While we often tend 
to view elderly individuals as a homogeneous group, there are actu-
ally tremendous variations in the physical and emotional aspects 
of aging. To this end, physicians must be aware of the normal and 
pathological changes linked to late-life development. Osteopathic 
physicians bring a comprehensive patient view and manual medi-
cine skills that are tremendously valuable when treating chronic 
diseases and associated musculoskeletal disorders that are so often 
seen in elderly individuals.

The defi nition of “older adult” depends upon the context in 
which it is given. The establishment of Medicare in 1965 provided 
the cut off at age 65, an age at which individuals could receive full 
Medicare and Social Security benefi ts. Gerontologists have used a 

been maltreated or abused or who came from families with poor 
relationships showed the highest scores on alcohol-related prob-
lems (66). Another group reported in 2007 that in a sample of males 
referred for forensic assessment, high adversity in child impacted 
later life violence only if the short form of the serotonin transporter 
gene was present (67). These studies demonstrate that one has to 
have both the gene and the environmental insult to develop the 
maladaptive behaviors described.

Individuals with chronic diseases may need more care and may 
not be able to become as independent as quickly as peers. In reac-
tion, they may become neglectful of diets or insulin injections or 
other care needs. Adolescent diabetics with frequent ketoacidotic 
episodes might be engaging in a maneuver to express indepen-
dence in the only way easily available. The opposite also occurs. 
Some adolescents never really separate and remain childish and 
enmeshed with parents. College and professional education can 
extend adolescent-like dependency into the 20s and 30s with con-
tinuing fi nancial dependence on parents. This pattern may be par-
ticularly pertinent to medical students.

Other patterns of progression through adolescence occur. That 
which we consider normative is, in part, culture bound. In some 
cultures, preadolescent and early adolescent male homosexuality in 
normative and does not seem to result in large numbers of homo-
sexual adults. In a number of cultures, there is a sharp demarcation 
between adolescence and adulthood with rites of passage.

Hamburg (68) comments that the fundamental requirements 
for healthy adolescent development are:

 1. fi nding a valued place in a constructive group
 2. learning how to form close, durable human relationships
 3. feeling a sense of worth as in individual
 4. achieving a reliable basis for making informed choices
 5. knowing how to use the support systems available to them
 6. expressing constructive curiosity and exploratory behavior
 7. believing in a promising future with real opportunities
 8. fi nding ways to be useful to others
 9.  learning to live respectfully with others in circumstances dem-

ocratic pluralism
10.  cultivating the inquiring and problem-solving skills that serve 

lifelong learning and adaptability

Practitioners seeing adolescents should be supportive of normal 
developmental processes. Seeing adolescents alone for at least a 
part of the medical visit is important and supports the process of 
separation-individuation.52

ADULT DEVELOPMENT

The defi nition of adulthood and the transition to geriatric status 
is fl uid. For instance, medical students often have a prolonged 
period of dependency on others due to the length of training 
without opportunity to be employed. One is earning money while 
in residency, but is still in many ways a trainee. The transition to 
independent wage earner is gradual. Meanwhile, medical students 
and residents are often establishing families, having children, 
and acquiring all the other traditional trappings of independent 
adult life.

Furthermore, individuals progress through life stages at differ-
ent rates. A 35-year-old woman may be a new mother, or in some 
settings, a new grandmother.

Personality is generally quite stable in adulthood. This should 
not be taken to mean that here are no changes. An individual at 
age 30 is certainly going to be different from the same individ-
ual at 40 or 50. However, change is much more gradual than in 
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Other aging theories focus on infl ammation and evolution. 
Chronic infl ammatory conditions (as demonstrated by increased 
homocysteine and plasma cholesterol levels) may shorten the 
lifespan by causing cellular damage and diverting resources (79). 
Evolutionary theories include the notion that genes that are adap-
tive in early life may be harmful later in life when natural selection 
is not operative.

Physical Changes Associated with Aging

Age-related changes begin by the third or the fourth decade of 
life. Physical changes appear to happen earlier and more dramati-
cally than do psychological changes. Although previously con-
sidered a constant phenomenon, genetic research offers another 
explanation, namely that individual genes impact the rate of aging 
decline (80).

Body Composition Changes
Throughout life, there are three specifi c periods in which there is 
notable increase in fat mass, specifi cally early in life, during preg-
nancy and lactation, and with aging. The increase in body fat and 
decrease in lean body mass and body water seen in aging may be 
protective from an evolutionary standpoint, providing body calorie 
reserves to withstand periods of illness (81). Total and central body 
fat increase with aging.

Because of these changes in total body fat, drugs that are lipid 
soluble may have prolonged half-lives in the elderly. This alterna-
tion in pharmacokinetics with aging must be accounted for when 
prescribing or evaluating treatment regimes in this population. For 
example, while diazepam (Valium) has a half-life of 20 hours in a 
20-year old, due to increased fat storage the half-life in an 80 year 
old may be 80 to 100 hours (82).

Skin Changes
Skin changes are well-known markers of aging. The skin loses its 
elasticity and sagging appears. Wrinkles increase signifi cantly dur-
ing the second half of life. Other changes include the loss of subcu-
taneous fat, sweat glands, and increased capillary fragility. Chronic 
infl ammation also appears strongly linked to many preventable and 
treatable skin diseases and conditions such as visible skin aging. 
Mucocutaneous infl ammation may be the fi nal common pathway 
of many systemic and mucocutaneous diseases (83). Sex steroids 
modulate epidermal and dermal thickness as well as immune sys-
tem function, and changes in these hormonal levels with aging 
and/or disease processes alter skin surface pH, quality of wound 
healing, and propensity to develop autoimmune disease, thereby 
signifi cantly infl uencing potential for infection and other disease 
states (84).

Skin issues become increasingly important in the elderly. These 
include bruising, skin tears, changes in body temperature regula-
tion, and pressure sores (85). Adequate nutrition and mineral sup-
plementation, management of shear forces, body positioning, and 
physical health are a few of the many critical components of good 
skin care management in late life.

Sensory Changes
Hearing and vision decline with normal aging. Ophthalmic changes 
include loss of elasticity of the lens resulting in presbyopia. Many 
older adults experience a variety of visual perceptual problems 
resulting from aging-related changes in the optics of the eye and 
degeneration of the visual neural pathways. These problems consist 
of impairments in visual acuity, contrast sensitivity, color discrimi-
nation, temporal sensitivity, motion perception, peripheral visual 

broader defi nition, considering age 60 the beginning of late life. In 
contrast, some cultures equate the term “old” with what the western 
world would consider middle age, that is, age 45. However, more 
recently geriatricians have divided late life into young old (age 65 
to 75), older-old (age 75 to 85) and old-old (age 85+) (70).

The 2000 U.S. Census reports that 12.4% of the U.S. popula-
tion is over age 65. Among the older population, those “old-old” 
age 85 years plus showed the highest percentage increase, moving 
from 3.1 million to 4.2 million adults nationally. In 2000, there 
were over 50,000 centenarians living in the United States, suggest-
ing increasing longevity for our oldest citizens (71). Centenarians 
are expected to exceed 1 million by 2040. Of note, by 2030, the 
older population is expected to double from 2000 census fi gures, 
increasing to 71.5 million people (72). The oldest living adult was 
Jeanne Calment, who died in 1997 at age 122 in France (73).

Cellular Changes Associated with Aging

There are a number of possible explanations for why cells decline 
resulting in aging of the organism. Although no single theory is 
generally accepted, researchers currently view the impact of envi-
ronment upon genetic substrate as a possible reason for such vari-
ability in the aging process.

Hayfl ick limit purports that genes do not drive the aging pro-
cess, but the general loss of molecular fi delity does. There are a 
fi nite number of cell divisions possible. This theory explains that 
aging is the result of changes that occur in molecules that have 
existed at one time with no age changes. Aging is considered a 
molecular disorder with an escalating loss of molecular fi delity that 
ultimately exceeds repair and turnover capacity and increases vul-
nerability to pathology or age-associated disease (74).

Telomere shortening is another theory of cellular aging. 
Telomeres serve to camoufl age chromosome ends from the DNA 
damage response machinery. Telomerase activity is required to 
maintain telomeres. One consequence of telomere dysfunction is 
cellular senescence, a permanent growth arrest state. The introduc-
tion of telomerase is proposed as a method to combat ageing via 
cell therapy and a possible method to regenerate tissue (75).

The free radical theory of aging by Harman proposes that reac-
tive oxygen species are a cause of aging. Chronic states of oxida-
tive stress exist in cells even under normal conditions. However, an 
imbalance leads to a steady-state accumulation of oxidative damage 
in a variety of macromolecules that increases during aging, result-
ing in a progressive loss in the functional effi ciency of various cel-
lular processes (76).

Genes may also impact the aging process. Developmental 
genetics theorists propose that aging is genetically programmed 
and controlled by infl uences in the second half of life. Both oxi-
dative stress and DNA methylation are possible regulators of 
gene expression. Examples of genetic infl uences in aging are 
Apolipoprotein (ApoE-4) in the development of Alzheimer dis-
ease and coronary heart disease and longevity (77).

Infl ammation may be linked to cellular aging. A large num-
ber of studies have documented changes in Zinc metabolism in 
experimental animal models of acute and chronic infl ammation 
and in human chronic infl ammatory diseases. In particular, modi-
fi cation of zinc plasma concentration as well as intracellular dis-
turbance of antioxidant intracellular pathways have been found 
associated to age-related infl ammatory diseases, like atheroscle-
rosis. Zinc defi ciency in individuals genetically predisposed to a 
dysregulation of infl ammation response may play a crucial role in 
causing adverse events and in reducing the probability of successful 
aging (78).
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fi eld sensitivity, and visual processing speed (86). Visual changes 
can make it more diffi cult to read, encouraging older adults to use 
back lighting as well as large print materials to accommodate to 
these changes.

Hearing diminishes with well-documented loss of audi-
tory neurons and cochlear hairs (87). The resulting presbycusis 
(a decreased ability to hear high-pitched sounds) can also lead to 
misunderstanding of information and conversations. It becomes 
increasingly diffi cult to hear conversation with background ambi-
ent noise, making conversation in a crowd quite diffi cult. Paranoia 
may result from misunderstanding and sensory loss. An older adult 
may withdraw from social situations as a way to deal with hearing 
loss or ensuing paranoia. Accepting the need for hearing aids can 
be a slow process for some older adults who experience denial of 
their problem.

Taste and smell change with aging. In general, both young and 
elderly confuse salty and sour much more than they confuse sweet 
and sour (88). Changes in taste can impact diet and nutrition, caus-
ing decreased food intake and enjoyment in eating. The sense of 
smell is more impaired by aging than is the sense of taste (89). As 
with taste, if smell is impaired the older adult may be less likely to 
enjoy the smell of food and the impact of smell on digestion and 
appetite.

Brain Changes
Age-related neuronal dysfunction, which must underlie observed 
decline in cognitive function, probably involves a host of other 
subtle changes within the cortex that could include alterations in 
receptors, loss of dendrites, and spines and myelin dystrophy, as 
well as the alterations in synaptic transmission (90). Loss of brain 
weight with cerebral atrophy has been demonstrated on MRI. Both 
whole brain metabolism and frontal lobe metabolism decrease sig-
nifi cantly with age (38% and 42%, respectively), whereas cerebel-
lar metabolism does not show a signifi cant decline with age (91). 
Many elderly individuals demonstrate increased time to recall 
memories. On the whole, it is important to know that memory loss 
and dementia are never normal parts of the aging process.

Musculoskeletal Changes
Age-related changes to the musculoskeletal system have tremen-
dous impact on the older adult. Muscles achieve peak force in 
women in their 40s and then force trends downward for those in 
their 50s and 60s, with signifi cant reductions by the 70s. Tactile 
acuity, vibration sensitivity, and joint position sense for a non–
weight-bearing toe-matching task were signifi cantly reduced by 
the 40s or 50s, with further reductions by either the 60s or 70s (92). 
In addition, decreased muscle mass and demineralization contrib-
ute to falls and to fractures as well as spontaneous compression and 
stress fractures. Decreased mobility and the pain of osteoarthritis 
can lead to social isolation and the inability to complete activities of 
daily living (ADLs). The osteopathic physician’s holistic philoso-
phy and manipulative therapy skills are well suited for addressing 
musculoskeletal issues.

Cardiopulmonary Changes
Calcifi cation and sclerosis of arteries and heart valves can affect 
blood pressure and hemodynamic response to exertion. The main 
changes in the cardiovascular system include loss of large artery 
compliance, dysfunction of some of the systems modulating resis-
tance vessel tone, increased activity of the sympathetic nervous sys-
tem, and reduced hemodynamic responses to inotropic agents (93). 
These changes may contribute to fatigue, decreased endurance and 
depression.

The structural changes associated with the pulmonary system 
and aging include chest wall and thoracic spine deformities that 
impair total respiratory system compliance leading to increase 
work of breathing. The lung parenchyma loses its supporting struc-
ture causing dilation of air spaces: “senile emphysema.” Respira-
tory muscle strength decreases with age and can impair effective 
cough, which is important for airway clearance. The lung matures 
by age 20 to 25 years, and thereafter aging is associated with pro-
gressive decline in lung function. The alveolar dead space increases 
with age, affecting arterial oxygen without impairing carbon diox-
ide elimination (94). There is a decline in alveolar surface area, a 
decrease in vital capacity, and a decrease in the partial pressure of 
arterial oxygen. These changes may contribute to the experience of 
shortness of breath, a signifi cant cause for the new onset of anxiety 
in the older patient.

Liver Changes
Several age-related changes in the liver have been documented, 
including (a) a decline in liver volume, (b) an increase in the hepatic 
dense body compartment (lipofuscin), (c) moderate declines in the 
Phase I metabolism of certain drugs, (d) shifts in the expression of 
a variety of proteins, and (e) diminished hepatobiliary functions. 
Other more subtle changes (e.g., muted responses to oxidative 
stress, reduced expression of growth regulatory genes, dimin-
ished rates of DNA repair, telomere shortening) may contribute 
to reduced hepatic regenerative capacity, shorter post–liver trans-
plant survival, and increased susceptibility to certain liver diseases 
in the elderly (95). Overall liver mass decreases. As liver function 
decreases with decreasing drug clearance, older adults are increas-
ingly at risk for delirium and increased drug-drug interactions. The 
osteopathic physician working with an older adult should be aware 
of decreased liver clearance with many drugs and anticipate the 
CNS effects of prescribed medications.

Renal Changes
The function of the kidney as well as its morphology changes 
markedly with age. The glomerular fi ltration rate falls progres-
sively, independent of overt pathology. Glomerular, vascular, and 
accompanying parenchymal changes occur (96). The number 
of nephrons is reduced and creatinine clearance declines. This 
impacts the kidney’s ability to clear drugs. Care must be taken 
when prescribing drugs that are cleared through the kidney as drug 
toxicity may result quite rapidly. In addition, as chronic kidney 
disease is quite prevalent in late life, special care should be taken 
with drug prescribing and dosing to avoid kidney-related drug 
toxicity.

Immunologic Changes
With increasing age, the competence of the immune system to fi ght 
infections and tumors declines. Age-dependent changes have been 
mostly described for human CD8 T cells (97). Antibody produc-
tion decreases and autoantibodies increase with age. These changes 
may account for the higher rate of infection, autoimmune disease, 
and perhaps malignancy with age.

Psychological Changes Associated with Aging

Late life has been described as a season of change and loss. Older 
adults are faced with a variety of predictable losses including retire-
ment, reduction in income, loss of spouse, death of friends and 
peers, loss of health, and change of living environment. The elder 
may experience a shift from an internal locus of control to an exter-
nal one, as many life changes occur outside of one’s control.
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A number of developmental theorists have addressed the 
psychological issues associated with aging. Erickson identifi ed the 
last stage of aging as “integrity vs. despair.” In this stage, the older 
adult is faced with looking back on their life and determining mean-
ing and value in their history. Regrets for mistakes, losses and life 
events left undone can create bitterness and frustration. Erickson 
believes that successful resolution of this stage results in wisdom.

High levels of extraversion and low levels of neuroticism are 
associated with reduced risk of mortality in old age and that these 
associations are mediated in part by personality-related patterns of 
cognitive, social, and physical activity (98). Older adults who are 
more outgoing may be able to weather the changes associated with 
late life more fl exibly than those who are more introverted. Anxiety 
also appears to play a role in survival in that elders with low levels 
of anxiety appear to survive longer than those with high levels of 
anxiety.

Comprehensive Geriatric Assessment

The major focus of geriatric care is optimizing function, avoiding 
institutionalization, and maintaining the older adult in the com-
munity. The geriatric multidisciplinary assessment is defi ned as a 
multidimensional interdisciplinary process focused on determining 
a frail elderly person’s medical, psychological, and functional capac-
ity in order to develop a coordinated and integrated plan for treat-
ment and long-term follow-up (99). Team members may include a 
geriatrician, nurse practitioner, social worker, dietician, pharmacist, 
psychiatrist, physical therapists, and other medical specialties. The 
domains addressed in a comprehensive geriatric assessment include 
competency and communication, functional status, physical status, 
nutrition, mobility, symptoms and distress, psychological/social 
status, spiritual issues, care services, and quality of life (100).

Components of the Medical Assessment
Geriatric patients need a thorough medical assessment as in no 
other age group is the interface of physical, behavioral, and social 
issues so great. The presentation of a variety of disorders may be 
different in a young versus older population; physicians should be 
mindful of these differences. Examples include abdominal pain from 
a ruptured diverticuli that presents as often with less pain and less 
infl ammation in an older adult when compared to a younger person. 
Depression may present as memory changes for an older adult, less 
likely in a younger person. Drug interactions can be more serious for 
older adults, both because of the multiple medications many older 
adults take as well as the drug interactions that may occur.

Older adults may under report symptoms, perhaps due to 
embarrassment or misconceptions about normal aging. Before 
beginning the history, physicians should determine if there are any 
signifi cant defi cits of vision, hearing, or cognition that may impact 
the patient’s ability to relate their story. Physicians often have to 
spend more time with patients because of cognitive slowing and 
a lengthy life history. Other informants such as children or care 
providers should be interviewed since they may be able to provide 
another perspective on patient functioning or problems. Informants 
should be encouraged to bring an accurate list of the patient’s med-
ications as medication adherence/confusion may prove to be a key 
element of the comprehensive geriatric assessment.

Table 19.4 outlines those issues that should be a component 
of the geriatric assessment. Unlike other age groups, the geriatric 
patient should be assessed for ADLs such as dressing, toileting, 
bathing, continence, feeding, and transferring. Independent activi-
ties of daily living should also be assessed including housekeeping, 
laundry, fi nances, cooking, medication management, transportation, 

and telephone use. The elder’s ability to complete these is essential 
information needed to help determine the level of care that is 
needed from independent living to residential care.

A number of assessment instruments can be helpful in obtain-
ing history from the patient. For falls and gait issues, the “Get-
up and go” test (101) can be a helpful assessment of balance and 
ambulation issues (Table 19.5).

The geriatric patient should have a physical exam as part of their 
geriatric assessment. The components of the physical exam are not 
unlike those of a younger adult with special attention being focused 
on issues associated with aging. The osteopathic physician should 
be mindful of modesty issues with older adults and sensitively 
examine in a warm comfortable environment. Table 19.6 outlines 
issues to focus on with respect to each area of the physical exam.

A mental status examination is a part of thorough geriatric eval-
uation. Appearance can inform the clinician about self-neglect and 

T A B L E  1 9 . 4

Components of the History in 
a Geriatric Assessment

• Dentition/dentures
• Feeding difficulties
• Hearing status
• Vision status
• Bowel and bladder control
• Nutrition
• Infections
• Osteoporosis
• Status of feed/gait
• Fall risk
• Osteoporosis
• Decubitus ulcers
• Mood/affect
• Thought process and memory
• Advanced directives
• Abuse
• Medications and polypharmacy issues

T A B L E  1 9 . 5

The Get-up and Go Test

Initial check:
All older persons who report a single fall should 
be observed as they:
•  From a sitting position, stand without using their 

arms for support
• Walk several paces, turn and return to the chair
•  Sit back in the chair without using their arms for 

support

Note: Individuals who have difficulty or demonstrate unsteadiness 
performing this test require further assessment.
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dementia issues. Orientation and short-term memory assessment 
are invaluable tools to understand whether a patient will be able to 
live independently and comply with complex medical treatments. 
Mood assessment is critical to evaluate for any level of depres-
sion that may impair functioning or quality of life. The Geriatric 
Depression Scale (102) (Table 19.7) can be used for older adults 
without cognitive impairment. For patients with cognitive decline 
in which one suspects dementia, the Cornell Scale for Depression 
in Dementia (103) may be used to assess the cognitively impaired 
patient for depression (Table 19.8).

Likewise, evaluating the patient for thought disorder is 
vital to help understand the clarity of thinking process and the 
patient’s ability to participate in their care. The neurological exam 
should periodically include a standardized cognitive assessment 
(Table 19.9). The Mini-mental state exam (MMSE) (104) is one 
such cognitive exam frequently used both as a baseline and an out-
comes measure of cognitive decline.

Pathologic Changes Associated with Aging

Humans are social animals. Late life is fraught with losses and 
changes to the social support network. Social networks work as buf-
fers for stresses and moderate losses. Older adults who lose their social 
networks due to death, changes in location or illness tend to not do 

T A B L E  1 9 . 7

The Geriatric Depression Scale

Scoring system: Answers indicating depression are 
highlighted. Each bold faced answer counts as one 
(1) point.
 1.  Are you basically satisfied with 

your life?
yes/no

 2.  Have you dropped any of your 
activities and interests?

yes/no

 3. Do you feel that your life is empty? yes/no
 4. Do you often get bored? yes/no
 5.  Are you in good spirits most of 

the time?
yes/no

 6.  Are you afraid that something bad is 
going to happen to you?

yes/no

 7. Do you feel happy most of the time? yes/no
 8. Do you often feel helpless? yes/no
 9.  Do you prefer to stay in your room 

rather than going out?
yes/no

10.  Do you feel you have more problems 
with memory than most?

yes/no

11.  Do you think it is wonderful to 
be alive?

yes/no

12.  DO you feel worthless the way you 
are now?

yes/no

13.  Do you feel full of energy? yes/no
14.  Do you feel that your situation is 

hopeless?
yes/no

15.  Do you think that most people are 
better off than you?

yes/no

Score >  5 = Probable Depression Score_______.

T A B L E  1 9 . 6

Key Components of the Geriatric 
Physical Examination

Vital signs
•  Assess for orthostatic hypotension (Blood pressure 

sitting and standing)
• Assess temperature
• Monitor weight with each visit

Skin
•  Evaluate for common skin lesions in aging 

including lentigo, senile keratosis, senile 
purpura, pressure sores, or evidence of falls

Head
•  Assess vision and eye movements, evidence for 

cataracts
• Assess hearing
• Evaluate skull for trauma with a history of falls
• Examine patient for cerumen impacting ear canal
• Auscultate for carotid bruits

Cardiopulmonary system
•  Evaluate for systolic ejection murmurs (common 

secondary to aortic valve changes associated 
with aging)

• Presence of peripheral pulses
• Assessment for leg edema
•  Auscultate for bibasilar rales and possible 

atelectasis secondary to immobility

Abdomen
• Assess hernias
• Deep palpation for aortic size
• Palpate for enlarged bladder
•  Rectal examination and assessment for stool 

in blood
• Prostate exam in men

Musculoskeletal
• Evaluate gait
• Assess posture
• Range of motion of upper and lower extremities
• Feet evaluation for ulcers and nail care
•  Osteopathic structural evaluation of muscle and 

joint for somatic dysfunction

Neurological exam
•  Evaluate vibration (may be normal in older adults)
•  Reflexes (ankle reflex may be absent in normal 

older adult)
•  Observe for asymmetrical test results (could be 

suggestive of stroke)
•  Mini-Mental State Exam to evaluate cognition 

(Table 19.4)
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as well physically or psychologically as those adults whose lives are 
more stable. Assessing the older adult’s social network is critical to 
understanding the nature and scope of support around them as this 
may impact their ability to function. The osteopathic physician will 
want to understand other components of support including fi nancial 
and physical status. This is critical to help the patient access appro-
priate services as well as to guide treatment and therapy decisions. 
A team approach is likely to be helpful in collecting this information 
and providing more interventions than any single health professional 
may be. Even with a strong social and fi nancial support system in 
place, the older adult may be more vulnerable to a number of issues 
including depression, anxiety, dementia, and psychosis.

Depression

Depression is prevalent in late life. Although many older adults 
present with subsyndromal depressive symptoms that may not 
meet DSM-IV-TR criteria for major depression, depression con-
tinues to impact functioning signifi cantly in late life. Increased 
somatic symptoms may be present for some older adults, leading 
to somatization and a focus on bodily functions. Eight to twenty 
percent of older adults in the community and up to 37% in primary 

care settings suffer from depressive symptoms (105). Table 19.10 
describes the symptoms associated with major and minor depres-
sion (106) in the elderly.

Suicide risk is also high. Being male as well as having mental 
illness (particularly depression), physical illness, and interpersonal dis-
cord are all risk factors for suicide in the elderly (107). To this end, a 
thorough evaluation of mood and suicidal ideation should be done 
with the older patient including the use of a thorough psychiatric 
examination to obtain information about the patient’s current presen-
tation, history, diagnosis, and to recognize suicide risk factors therein; 
the necessity of asking very specifi c questions about suicidal ideation, 
intent, plans, and attempts; the process of making an estimation of the 
patient’s level of suicide risk is explained; and the use of modifi able 
risk and protective factors as the basis for treatment planning (108).

When older adults consider suicide, they choose the most lethal 
means and do not tell their physician prior to their attempts. Older 
patients may not realize or acknowledge that they are depressed. 
In fact, many patients will deny that they are depressed yet admit 
to symptoms of hopelessness, decreased energy, anhedonia, sleep 
changes, and changes in appetite. Other etiologies must also be 
considered including iatrogenic causes for depression, recent loss 
(spouse, children, friends, and pets) and advancing medical illnesses.

T A B L E  1 9 . 8

The Cornell Scale for Depression in Dementia

a 0 1 2  A. Mood-related signs

1. Anxiety: anxious expression, rumination, worrying
2. Sadness: sad expression, sad voice, tearfulness
3. Lack of reaction to present events
4. Irritability: annoyed, short tempered

a 0 1 2  B. Behavioral disturbance
5. Agitation: restlessness, hand wringing, hair pulling
6. Retardation: slow movements, slow speech, slow reactions
7. Multiple physical complains (score 0 if gastrointestinal symptoms only)
8. Loss of interest: less involved in usual activities (score only if change 

occurred acutely, i.e., in <1 month)
a 0 1 2  C. Physical signs

9. Appetite loss: eating less than usual
10. Weight loss (score 2 if >5 lb in 1 month)
11. Lack of energy: fatigues easily, unable to sustain activities

a 0 1 2  D. Cyclic functions
12. Diurnal variation of mood: symptoms worse in the morning
13. Difficulty falling asleep: Later than usual for this individual
14. Multiple awakenings during sleep
15. Early morning awakening: earlier than usual for this individual

a 0 1 2  E. Ideational disturbance
16. Suicidal: feels life is not worth living
17. Poor self-esteem: self-blame, self-deprecation, feelings of failure
18. Pessimism: anticipation of the worst
19. Mood congruent delusions: delusions of poverty, illness, or loss

Score_______ score > 12 = Probable Depression Score.

Ratings should be based on symptoms and signs occurring during the week before interview. No score should be given if symptoms result 
from physical disability or illness

Scoring system: a, unable to evaluate; 0, absent; 1, mild to intermittent; and 2, severe.

Chila_Chap19.indd   308Chila_Chap19.indd   308 8/5/2010   7:20:01 PM8/5/2010   7:20:01 PM



 19 • LIFE STAGES—BASIC MECHANISMS 309

Depression is treatable in late life and should not be considered 
merely a normal reaction to loss. Antidepressants may be helpful for 
the neurovegetative signs of depression such as sleep disturbance, 
weight changes, and depressed mood. However, because of decreased 
renal and liver clearance, antidepressant dosages used should be one 
half to one third of a younger adult’s dosage to eliminate the possi-
bility of toxicity. A variety of selective serotonin reuptake inhibitors 
or noradrenergic-serotonergic reuptake inhibitors may be used safely 
in the elderly. Frequent visits with the physician to both monitor for 
side effects and provide encouragement in waiting for antidepres-
sant response (which may take 6 to 12 weeks) is encouraged.

Psychotherapy is helpful in managing depression as old age is 
fraught with a number of losses. Cognitive behavioral, interper-
sonal, and supportive therapies are helpful for the older adult (109). 
Used in combination with antidepressant medication, psychother-
apy can provide additional help in dealing with the adjustment to 
life changes as well as problem solving.

Anxiety

There is signifi cant overlap between depression and anxiety in late 
life. Anxiety may manifest itself as panic, generalized anxiety, or 

simple phobias of theft or loss. Feeling nervous or restless may be 
signs of anxiety, but in the older patient anxiety is very closely tied 
to medical illness. Pulmonary disorders such as chronic obstruc-
tive pulmonary disease can create hypoxia and mimic the signs and 
symptoms of anxiety. Cardiac disease has also been associated with 
anxiety in older adults (110).

Although often used, benzodiazepines can be highly problem-
atic for older individuals. This class of drug is associated with falls, 
delirium, and even depression. A better choice to manage anxiety is 
the use of a selective serotonin reuptake inhibitor. Benzodiazepine 
use should be short term and of low potency in order to reduce 
risks associated with these medications.

Cognitive behavioral therapy has been demonstrated to be highly 
effective for the management of anxiety (111). Learning to deal 
with irrational thoughts, developing strategies for replacing negative 
thoughts with positive ones, and helping a patient fi nd solutions for 
overwhelming worries are all practical functions of psychotherapy.

Dementia

Dementia is a syndrome of brain deterioration characterized by 
short-term memory loss, disorientation, word-fi nding diffi culties, 

T A B L E  1 9 . 9

Mini-Mental State Exam

Orientation Maximum Score

1. What is the (year) (season) (date)(day)(month)? 5
2. Where are we? (state)(country)(town)(hospital)(floor) 5

Registration

As the patient if you may test his memory. Then say the names of three unrelated objects, 
clearly and slowly. After you have said all three, ask him to repeat. This first repetition 
determines the score (0–3) but keep saying them until he can repeat all three, up to six trials.

3

Attention and calculation

Ask the patient to begin with 100 and count backward by 7, stop after 5 subtractions 
(93,86,79,72,65). If the patient cannot do serial 7s, ask him to spell the word 
WORLD backwards.

5

Recall 3

Ask the patient to recall the three items repeated above.

Language 2

Naming: Show the patient a wristwatch and pencil and ask the name.
Repetition: Repeat the phrase “No ifs, ands, or buts” after you. 1
3-Stage Command: Give the patient a blank paper and ask him to take the paper in his right 
hand, fold it in half, and put it on the floor. One point for each part correctly executed.

3

Reading: On a blank page of paper print “CLOSE YOUR EYES.” Ask the patient to 
do what it says.

1

Writing: Give the patient a blank piece of paper and ask him to write a sentence 
that must contain a subject and a verb.

1

Copying: Ask the patient to copy the figure of intersecting pentagons. All 10 angles 
must be present and 2 must intersect to form a four-sided figure.

1

SCORING:

MAXIMUM 30
Mild impairment MMSE >21; Moderate MMSE 10–20; Severe MMSE <9.
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attentional defi cits, waxing and waning levels of alertness, and 
intermittent psychosis. Delirium is common in the elderly and its 
manifestation may be frightening for family members witnessing 
an abrupt change in the patient. Delirium may result from many 
sources including medications (anesthetics, pain medications), 
infection, electrolyte imbalance, hypoxia, and sensory loss.

Systematic detection and intervention programs and special 
nursing care appeared to add large benefi ts to traditional medi-
cal care in young and old surgical patients and modest benefi ts in 
elderly medical patients (116). Special attention to sensory loss 
such as hearing or vision may help target interventions (hearing 
aids, glasses) that can reduce the risk for the development of delir-
ium (117). Osteopathic physicians should work to identify those 
medical and environmental causes for delirium. Providing psycho-
education to caregivers and family is also an important component 
in trying to aggressively anticipate the problem of delirium in the 
older adult.

Psychosis

Older schizophrenics have more multiple medical problems as a 
result of chronic illnesses due to poor lifestyle choices as well as 
lack of health care. Often, these individuals are frail and may be 
suffering from cardiac or pulmonary diseases. These illnesses may 
hamper the pharmacokinetics of antipsychotic medications they 
are using to manage their psychosis. Elderly patients may be at 
greater risk for tardive dyskinesia and parkinsonian side effects of 
antipsychotic medications (118).

Psychosis may result from schizophrenia, mood disorders, or 
organic etiologies. Since new onset psychosis in older individuals is 
much more likely to be related to an organic etiology, it requires a 
thorough medical workup. Schizophrenics may also develop demen-
tia. In addition, older adults with premorbid schizoid or schizotypal 
personality disorders may develop late-life schizophrenia.
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Symptoms Associated with Major and 
Minor Depression

Major depressive disorder

• Depressed or irritable mood for >2 weeks
•  Five or more of the following symptoms 

>2 weeks that impair social, occupational 
or other important areas of functioning:
a. diminished interest or pleasure
b. significant weight change
c. insomnia or hypersomnia
d. psychomotor agitation or retardation
e. fatigue
f. feelings of worthlessness or guilt
g. diminished ability to concentrate
h. recurrent thoughts of death

Minor depression

Presence of 2–5 symptoms of major depressive 
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• Fatigue
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20 The Initial Encounter
FELIX  J. ROGERS

INTRODUCTION

The fi rst encounter with a patient is the culmination of medical 
training and the fulfi llment of clinical practice. As J. Willis Hurst 
(1) explains, the purpose of the initial history and physical evalu-
ation is to gain information and, just as importantly, to establish a 
bond between the patient and the physician (1).

With the increasing availability of sophisticated, accurate, and 
expensive diagnostic tests, physicians in training typically devote 
a large amount of time to learn about these studies. As a conse-
quence, an emphasis on the approach to the patient at the bedside 
has been diminished. Physicians who train to perform surgical or 
other interventional procedures recognize that a certain minimum 
number are required for profi ciency. In the same way, a minimum 
number of bedside examinations are necessary for profi ciency.

The information to be gathered on each patient is appropri-
ate for the context of that evaluation. For a new patient visit in a 
primary care offi ce or a patient hospitalized in a general medical or 
surgical ward, the standard patient history and physical examina-
tion is appropriate. The subspecialty evaluation, such as the pre-
sentation to an ophthalmologist, urologic surgeon, or specialist in 
sports medicine, may be much more focused.

KEY ASPECTS OF PATIENT EVALUATION

Because there are many fi ne references on bedside patient evaluation, 
this section of the textbook does not attempt to recreate that content; 
rather, it will emphasize unheralded aspects of the patient evaluation 
that warrant more attention. These include the evaluation of the muscu-
loskeletal system in the context of the public health perspective of clin-
ical problems in this area (Chapter 21: Public Health Aspects: screening 
and prevention and Chapter 22: The Musculoskeletal Component), 
an assessment of the infl uences of the environment (Chapter 23: 
Environmental Issues), and an evaluation of the patient in the context 
of complementary and alternative medicine and nonosteopathic forms 
of manual medicine (Chapter 24: Interface of Osteopathic Medicine 
with Complementary and Manual Medicine Practitioners).

Presently, members of the Educational Council on Osteopathic 
Principles promote the use of fi ve models to be used in patient 

assessment and treatment, including the biomechanical, respiratory/
circulatory, neurologic, metabolic-energy, and behavioral or biop-
sychosocial models. These form the organizing principles for the 
basic science and clinical chapters of this textbook.

Regardless of the presenting complaint of the patient and irre-
spective of the specialty interest of the health care provider, all phy-
sicians have some inherent obligations. For example, some clinical 
problems occur with such a magnitude that all physicians need 
to be involved. Examples include hypertension, which affects an 
estimated 42 million Americans; hypercholesterolemia, affecting 
100 million Americans; and obesity and overweight, which affect 
two third of all Americans. Likewise, diabetes and cancer are such 
prevalent public health problems that physicians need to be vigilant 
for manifestations of these disorders. Some problems, such as vacci-
nations for infl uenza for the elderly, require that every encounter with 
the patient become an opportunity for intervention (Chapter 30: 
Life Cycles—Health Promotion). This is the basis for hospital-
based initiatives to provide infl uenza and pneumococcal vaccina-
tions for all appropriate patients admitted to the hospital.

PATIENT RAPPORT

The information that is gathered as part of the initial patient evalu-
ation is considered in the context of establishing osteopathic medi-
cal care. Consider the infl uence of context in the following four 
examples of patients with chest pain:

■ A 38-year-old man who is in danger of losing his home to fore-
closure begins to experience chest pain after he is laid off from 
his job.

■ A 67-year-old man has experienced typical effort angina at pro-
gressively lower levels of exertion over the past 4 weeks; he is 
awakened from his sleep with chest pain at 2 am.

■ A 67-year-old woman indulged in an unusually opulent feast 
with lots of fatty food and alcohol; she is awakened from her 
sleep with chest pain at 2 am.

■ An 84-year-old woman with lung cancer metastatic to 
bone, brain, and adrenal glands comes to the hospital with 
chest pain.

K E Y  C O N C E P T S
■ In the initial patient encounter, the establishment of rapport with the patient is equally important as the historical 

information that is gathered.
■ There are several clinical issues that represent public health problems of such magnitude that all physicians 

must participate in the detection and treatment of these disorders; these include cancer, hypertension, 
hypercholesterolemia, obesity, and overweight.

■ Patient management is most effective if the patient is assessed in the largest possible context. Besides their 
personal life and family relationships, this includes cultural, socioeconomic, and religious/spiritual issues.

■ Part of the “art” of medicine is the ability to apply guidelines developed for millions of people to the individual 
patient whom the physician is treating at the moment.

■ Patient-centered care is easier to talk about than it is to implement. However, like many other things in medicine, 
it is a teachable skill and one that can be learned.
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It should be obvious that the context of the patient presentation 
means that we cannot take a “one-size-fi ts-all” approach to chest 
pain, since the above patients have chest pain related, respectively, 
to stress/anxiety, unstable angina, gastroesophageal refl ux, and chest 
pain that may be cardiac in the setting of end-stage lung cancer.

More often, the context of the patient evaluation involves 
subtleties that can only be discerned after careful evaluation. The 
development of rapport with the patient is critical to this approach, 
as are the principles for patient care (2) that identify the patient as 
the focus for care. There are tools that can be used to assist physi-
cians in developing rapport; perhaps the most important of these 
is professionalism, which seeks to raise the standard of physician 
behavior, while enhancing that individual’s sensitivity to cultural, 
socioeconomic, and religious differences (Chapter 26: Profes-
sionalism). In addition, the awareness of the importance of the 
mind-body relationship can open new avenues to understanding 
the patient’s presenting complaint and provide insight into work-
ing collaboratively with the patient to resolve health problems 
(Chapter 27: Mind-Body Medicine). The role of spirit in health 
care is discussed much more widely than it is understood. This sec-
tion explores that consideration and offers a few concrete points 
to assist in expansion of patient care into this arena (Chapter 28: 
Spirituality and Health Care).

DECISION MAKING AND EVIDENCE

After collection of information on a patient and with the establish-
ment of appropriate rapport, the physician is then ready to embark 
on medical decision making. As with any other aspect of health 
care, decision making (also called clinical problem solving) is based 
on principles that have been validated and can be taught to new-
comers to the fi eld. A portion of this section of the textbook is 
devoted to an explication of medical decision making (Chapter 25: 
Clinical Decision Making).

Implementation of the patient care plan is multifaceted. The 
goal is to base that care plan on clinical evidence derived from 
well-designed and well-conducted research trials (Chapter 32: 
Evidence-Based Medicine). In one sense, clinical evidence is like 
a net. When used properly, it is a safety net that sustains the phy-
sician and his/her practice and supports him/her in terms of the 
many pressures that confront physicians in medical care. However, 
it can also be a net that holds one down. Physicians are expected to 
meet the standard of evidence-based medicine, and failure to do so 
is constraining and increases the potential for malpractice liability.

Finally, evidence-based medicine presents a challenge in terms 
of keeping the focus on the individual patient. Scientifi c evidence 
must be based on suffi cient numbers of patients to generate mean-
ingful information. At the moment of the patient encounter, how-
ever, there is just one person who matters: the patient. There is 
often a signifi cant challenge of discernment, to defi ne the manner 
in which your decision making is properly formed by the research 
literature.

PATIENT-CENTERED CARE

The issue of patient-centered care touches on a core osteopathic 
premise. To focus on the patient is more diffi cult than it might 
appear at fi rst glance. Frequently, it is not considered as part of 
the approach to the patient interview or to medical decision mak-
ing. Physicians, by nature, are goal oriented. To stop and assess 
the patient’s values may appear to disrupt the fl ow of information 
gathering and development of the patient care plan. A chapter in 
this section (Chapter 29: Patient-Centered Model) offers both 

Seven Aphorisms for the Successful Physician
1. Distinguish between a goal and a guideline. A goal is a 

guiding principle that we may or may not attain, similar to the 
North Star, which can lead us, but we may never get there. An 
example of a goal in osteopathic medicine is “treatment of the 
whole person.” The individual person presenting for health 
care is far too complex for any one physician to fully under-
stand every aspect of that individual. Still, we do our best to 
maintain a holistic approach. In contrast, a practice guide-
line is a statement developed by an expert group based on the 
best available medical evidence. Physicians are expected to 
adhere to guidelines and to fulfi ll those requirements.

2. Maintain a focus. Sometimes you will hear a physician say 
that he or she performed a “comprehensive” history and 
physical examination. Even if a truly comprehensive exam 
existed, it would often be inappropriate. A physician should 
be capable of a general evaluation of the patient. Then, as 
specifi c concerns arise, a detailed, complete assessment can 
be made in that one area. For example, a full assessment of 
each of the cranial nerves is unnecessary in the assessment 
of a patient complaining of chest pain, but some basic eval-
uation of the neurologic status is necessary in all patients.

3. The patient is the hero. Many physicians gladly accept the 
expressions of praise and gratitude offered by patients and 
their family members. Some even accept the description 
of “heroic.” But the reality is that the patient is the hero. 
Frequently, they come to the health care system with life-
threatening medical problems or with the fear that they 
have these problems. Patients who have advanced heart 
disease, unrelenting gastrointestinal problems, or cancer 
are expected to arrive for their appointments on time, be 
polite, respond respectfully, tolerate physicians who are late, 
and maintain good cheer in the face of crippling health care 
costs. The fact that many of them still have time to bring in 
home-cooked pies or cookies and to send thank-you notes 
is really remarkable.

4. Poor historians are outnumbered by poor history takers. 
Patients often come to the health care encounter in a 
frightened state, and typically they don’t know what 
information the physician needs. Because of this, their 
answers can be vague and even misleading. It is the 
physician’s job to provide leadership during the inter-
view process. Clearly, there is a delicate balance between 
providing direction and also giving plenty of opportu-
nity for thoughtful, careful listening.

5. Be brief. It’s big world out there. There is a lot to learn, 
and there is a lot to do. Use your time well. Learn to dis-
tinguish what is important and what is urgent.

6. In medicine, there is no fi nish line. Although there are 
many mileposts in the practice of medicine, there is really 
no stopping point. In terms of physician education, mile-
stones can be the basic science and clinical science aspects 
of medical school, postgraduate training, and then spe-
cialty programs. Because the world of medicine and sci-
ence advances so rapidly, physician education must be an 
active, continuous process. Likewise, a patient is seen on 
day one, and their clinical course develops by the time 
the patient is seen in follow up. Each patient encounter 
represents the opportunity to integrate developments in 
the patient’s clinical course with new information that 

(continued )
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happened. Younger members of the medical profession frequently 
spend a good deal of time documenting information that is not 
needed and failing to document information that becomes the 
foundation of the conclusions and care plans that they propose. 
Several tools are available to assist the physician, including the 
time-tested problem list and, more recently, the electronic health 
record. Box 20.1 presents useful aphorisms for this purpose.

The patient encounter is the most fulfi lling aspect of being a 
doctor. It might be considered to be the litmus test of who we are. 
This includes the position as a physician, a professional, and as a 
person. It gives us the chance to live every day from a new perspec-
tive, since all of us change every day: the patient, the fi eld of medi-
cine, and, of course, each of us. Try to savor the experience!
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is available. Even when a patient dies, the fi nish line is 
not clear cut: there are still issues to handle in terms of 
providing consolation and solace for the family.

7. Our patients have much to teach us. How did the great 
clinicians become so? One has to suspect that they did 
not go through life committing the same mistakes time 
again. Instead, they were present in each moment, tak-
ing the opportunity to adjust their medical practice to 
the changing circumstances of their patients and to new 
developments in medical science.

philosophical and practical points to address this topic. Patient-
centered care also becomes especially clear when decision mak-
ing must be conducted in the context of end-of-life decisions 
(Chapter 31: End of Life Care).

Finally, there is the issue of documentation. One institution 
puts this in a grand context: “In God We Trust. All others must 
document.” Behind this glib statement is the recognition that, if 
events are not documented, there may be no evidence that they 
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Public Health Aspects
MARGARET AGUWA

INTRODUCTION

There is sometimes a perception that a discipline like osteopathic 
medicine, which prides itself on its holistic approach to health care, 
thrives on its own merit. Evidence, however, shows that without 
the strides made through public health concepts and practices, 
all medical fi elds would not exist as we know them today. In the 
later 19th century, Andrew Taylor Still, the founder of osteo-
pathic medicine, established four basic principles as the basis for 
the profession’s philosophy and practice. More recently, in 2002, a 
multidisciplinary ad hoc committee of osteopathic clinicians and 
researchers proposed an updated set for these tenets of osteopathic 
medicine and associated principles of patient care that are to refl ect 
the relevance of scientifi c approach to care. These proposed tenets 
and principles found by Rogers et al. are:
Tenets:

1. A person is the product of dynamic interaction between body, 
mind, and spirit.

2. An inherent property of this dynamic interaction is the capacity 
of the individual for the maintenance of health and recovery 
from disease.

3. Many forces, both intrinsic and extrinsic to the person, can 
challenge this inherent capacity and contribute to the onset of 
illness.

4. The musculoskeletal system signifi cantly infl uences the indi-
vidual’s ability to restore this inherent capacity and therefore to 
resist disease processes.

Principles:

1. The patient is the focus for health care.
2. The patient has the primary responsibility for his or her 

health.
3. An effective treatment program for patient care is founded on 

these tenets.

These tenets and principles form the overarching ideology and the 
basis for the use of structural diagnosis and osteopathic manipula-
tive medicine.

Through education rooted in these principles, evidence-based 
practice, and diligent doctor-patient partnerships, osteopathic phy-
sicians, particularly primary care specialists, provide exceptional and 
holistic care to their patients. In the early 1800s, medical practice 

21
K E Y  C O N C E P T S

■ A host of factors impact the development, incidence, and prevalence of disease and illness among the population.
■ We, as a society, must act collectively to assure the conditions in which people can be healthy.
■ Public health functions include assessment and monitoring of health, formulation of public policies, and ensuring 

access to appropriate and cost-effective care.
■ Advocation of concepts of public health with utilization of the principles of osteopathic medicine will further our 

ability to enhance the health and well-being of all patients.
■ The desirable results of efforts of public health and osteopathic medical practice include longevity with health 

and the elimination of health disparities.

became centered on various developments achieved through public 
and community health efforts. Since the early 14th century, sim-
ple acts such as hand washing and proper management of human 
waste have produced signifi cant impacts on the health of individu-
als as well as reducing the adverse effects that communicable dis-
eases have on the population at large. Today, although public health 
efforts seem to be relegated to the background of medical practice, 
they have remained important facets in managing the health of 
global communities.

Recognized as a leading fi gure in the early development of 
public health in America, Winslow (1920) described public health 
as “the science and art of preventing disease, prolonging life and 
promoting physical health and effi ciency through organized com-
munity efforts for the sanitation of the environment, the control of 
community infections, the education of the individual in principles 
of personal hygiene, the organization of medical and nursing sci-
ence for the early diagnosis and preventive treatment of disease, and 
the development of the social machinery which will ensure to every 
individual in the community a standard of living adequately for the 
maintenance of health” (Winslow, 1920). Over the years, compo-
nents such as research for diseases, injury prevention, and promo-
tion of healthier lifestyles were added to encompass the totality of 
the fi eld. In 1988, the Institute of Medicine published a landmark 
report titled “The Future of Public Health in the 21st Century” 
and defi ned public health as “What we, as a society, do collectively 
to assure the conditions in which people can be healthy.” Therefore, 
activities that include organized community efforts to identify, pre-
vent, and counter threats to the health of the public and improve 
the health and well-being of people can be categorized as public 
health.

CORE FUNCTIONS OF PUBLIC HEALTH

The three core functions of public health include:

1. Assessing and monitoring the health of communities and popu-
lations at risk to identify health problems and priorities

2. Formulating public policies designed to solve identifi ed local 
and national health problems and priorities

3. Ensuring that all populations have access to appropriate and 
cost-effective care, including health promotion and disease pre-
vention services, and evaluating the effectiveness of that care
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The results of this study raise an important question regarding 
what this nation and the health care system can do not only to 
improve these statistics but also to energize the health of the popu-
lation in general. Health care reform, modifi cations in clinical 
practice, and fostering positive lifestyle changes may be necessary 
to achieve this goal.

A critical look at the osteopathic medicine reveals signifi -
cant similarities of prevention, holism, and community inclu-
sion between its tenets and the philosophical approach to public 
health. The basic principle of osteopathic medicine recognizes the 
important connections and the inseparable link between the physi-
cal, mental, emotional, and spiritual factors in the maintenance of 
optimal functioning in the context of the individual, family, and 
society.

In addition to their medical education, skills, and talents, there 
exists a wide range of resources and tools that help osteopathic 
physicians to successfully integrate and apply various procedures, 
including osteopathic manual medicine, in their practices in order 
to foster health promotion, disease prevention, early diagnosis, 
timely treatment, and standard of care that are based on clinical 
evidence.

To become fully conversant with these methods, physicians, 
particularly those who provide general medical care in the primary 
care of their patients, may have to make some changes in the meth-
odologies of their practices. Osteopathic medical students will need 
to learn and think differently regarding the way health care services 
are delivered as well.

THE PATIENT ENCOUNTER

Currently, the patient encounter consists of the individual patient-
centered approach: an approach to providing health care and 
occasional comprehensive primary care for people of all ages and 
medical conditions. It is a way for a physician-led medical practice, 
chosen by the patient or insurer, to integrate health care services 
for that patient. Frequently, the patient confronts episodic sporadic 
care within a complex and confusing health care system associ-
ated with referrals, insurance rejections, copay requirements among 
other regulations.

The Healthy People 2010 concept challenges individuals, com-
munities, and professionals to take specifi c steps to ensure that good 
health, as well as long life, is enjoyed by all. The two overarching 
goals of the Healthy People 2010 are:

■ Goal 1: Increase Quality and Years of Healthy Life: designed 
to help individuals of all ages increase life expectancy and 
improve their quality of life.

■ Goal 2: Eliminate Health Disparities: designed to foster the 
elimination of health disparities among different segments of 
the population thereby improving community health and health 
for all.

While the Healthy People proposes the improvement of health 
for all, it targets two primary concerns: (a) specifi c chronic ill-
nesses and (b) the health of vulnerable populations that focus on 
specifi c health indicators to be used in measuring the health of 
the nation over the 10-year span of its existence (2000–2010). The 
ten specifi c health indicators, listed below, are termed The Lead-
ing Health Indicators and refl ect the major health concerns in the 
United States at the beginning of the 21st century. These indica-
tors were selected on the basis of their ability to motivate action, 
the availability of data to measure progress, their contribution to 
disease process, morbidity and mortality, and their longitudinal 
importance as public health issues.

Many of the dramatic achievements of public health in the 20th 
century have contributed to the improvement of the quality of 
life of people globally and resulted in increased life expectancy, 
reduction in infant and child mortality, and elimination of many 
communicable and infectious diseases in many industrialized 
nations.

While doctors usually treat individual patients one-on-one 
for a specifi c disease or injury, public health practice requires that 
professionals monitor and diagnose the health concerns of entire 
communities and promote healthy behavior and practices to ensure 
that populations stay healthy.

However, the prevalence of certain chronic diseases, such as 
diabetes, hypertension, and cardiovascular disorders, as well as the 
recent occurrences of certain communicable illnesses like SARS, 
Ebola Fever, HIV/AIDS, and methicillin-resistant staphylococcus 
aureus, Norovirus and the H1N1 infl uenza infections, signal the 
need for a paradigm shift in the overall evaluation and manage-
ment of many patients especially on a community basis.

TRENDS IN POPULATION MEDICINE

The recent trends in population medicine today show that in 
America:

■ There is increasing racial and ethnic diversity.
■ Life expectancy of the population continues to increase.
■ People are getting more involved in their own health care and 

seeking alternative ways to manage their health while demand-
ing more from their physicians.

■ More people today are living with some form of chronic disease 
such as hypertension, diabetes, heart disease, cancer, Chronic 
Obstructive Pulmonary Disease, or chronic pain.

■ There are increasing numbers of people without health insur-
ance coverage.

■ There are increasing concerns about real or perceived threats 
associated with natural disasters, massive biohazard accidents, 
and terrorist acts that could have a signifi cant impact on the 
health of the community.

These trends should motivate physicians to become more aware 
and more involved in disease prevention, health maintenance, pro-
motion of healthy lifestyles, and emergency preparedness for their 
patients. In 2006, a report by the U.S. Centers for Disease Control 
and Prevention (CDC) indicated the alarming rise in the num-
bers of Americans suffering with chronic diseases such as diabetes 
type 2, a disease that remains the leading cause of adult blindness, 
lower-limb amputation, kidney disease, blindness, and nerve dam-
age, thereby contributing signifi cantly to health policy issues and 
public health concerns. The CDC also reports that a majority of 
the top ten causes of mortality in the United States are due to pre-
ventable illnesses. The study, “Measuring the health of Nations” 
conducted by the London School of Hygiene and Tropical Medi-
cine, ranks the United States the nation with the highest in the rate 
of preventable deaths among 19 most industrialized nations when 
comparing matters about health status and morbidity (Nolte and 
McKee, 2008). According to this study, more than 100,000 Ameri-
cans die each year from lack of timely and effective medical care. 
The study focused on how a variety of conditions including diet, 
lifestyle, and various preventable and treatable chronic diseases and 
risk factors contribute to mortality rates. Of the 19 nations studied, 
the United States is the only one without universal health care cov-
erage yet spends signifi cantly more money in health care services 
than any of the other countries. Other studies have shown similar 
fi ndings and conclusions (Danaei et al., 2009).
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Effective monitoring of all patients requires the implementation 
of evidence-based clinical medicine. Pediatric procedures should 
be followed accordingly.

Items for the Annual Patient Screening and Evaluation include:

■ Review of vaccinations and immunizations
■ Healthy lifestyles evaluation
■ Motor vehicle safety
■ Safe workplaces

REVIEW OF VACCINATIONS 
AND IMMUNIZATIONS

Each patient’s yearly evaluation should include a review of their vac-
cination/immunization status to determine the needs of the patient 
for protection against communicable diseases and potentially pre-
ventable epidemics. Appropriately timed adult and childhood immu-
nizations can reduce or prevent morbidity and mortality related to 
illnesses such as infl uenza, pneumococcal infection, hepatitis B, diph-
theria, tetanus, measles, mumps, and rubella. Vaccination of adults at 
risk for various communicable and infectious diseases can reduce the 
expenses associated with preventable causes of adult morbidity and 
mortality. While diphtheria, tetanus, measles, mumps, and rubella 
affect children at a higher rate than adults, the wide scope of posi-
tive results of childhood immunizations has shown that morbidity 
and mortality attributable to these preventable illnesses can also be 
substantially reduced by selective immunization of at-risk adults.

HEALTHY LIFESTYLES EVALUATION

Items to consider in the Healthy LifeStyles Evaluation include 
tobacco use, alcohol abuse and misuse, exercise, coping with stress, 
and diet and weight maintenance.

TOBACCO USE STATUS

The use of tobacco products—cigarettes, cigars, and chewing 
tobacco—should be monitored and recorded in the patient’s chart 
and reviewed annually. Since the recognition of the health haz-
ards of tobacco use, U.S. surgeon generals as far back as 1957 have 
given reports on the health risks associated with tobacco and fur-
ther emphasized the causal relationship between smoking and lung 
cancer. In 2004, the U.S. Department of Health and Human Ser-
vices reported an increase in averted deaths due to the multiple 
factors of government policy on smoking, public health focused 
attention on smoking cessation, and the decreased use of tobacco 
in all its forms, which improved the understanding of the health 
hazards associated with smoking and the use of tobacco products.

ALCOHOL ABUSE AND MISUSE

While the use of alcohol in moderation has been found to have 
benefi cial effects on cognition and the cardiovascular system 
(Mayo Clinic.com); (Galanis et al., 2000) excessive drinking can 
lead to serious health problems and even sudden death. Therefore, 
obtaining information about the drinking habits of the patient is 
useful in determining the need for intervention if abuse or misuse 
of alcohol is suspected.

EXERCISE

It is well known in the medicine that part of a healthy lifestyle 
includes regular physical activities. There are known merits of exercise 
such as preventing chronic health conditions, boosting confi dence 

The leading health indicators are:

■ Physical activity
■ Overweight and obesity
■ Tobacco use
■ Substance abuse
■ Responsible sexual behavior
■ Mental health
■ Injury and violence
■ Environmental quality
■ Immunization
■ Access to health care

Physicians are encouraged to review the needs of individual patients 
they see, as well as those of the populations in the communities they 
serve to determine which specifi c health recommendations to imple-
ment in their practices. While each patient is unique, there are certain 
basic examination and screening procedures that should be performed 
for each patient as a part of the overall health care service.

What to do for Each Adult Patient at Every Visit

The management of a patient at each visit can determine the 
potential of early diagnosis of disease and thereby contribute sig-
nifi cant to health care outcomes. These recommendations are pro-
vided partly to help establish standard of patient care and also to 
provide guidance in record keeping in order to monitor changes 
and further take corrective clinical action. While these recommen-
dations assist physicians in making clinical decisions regarding the 
care of their patients, they cannot be substituted for the individual 
judgment brought to each clinical situation by the physician based 
on his/her knowledge, expertise, and experience. As with all clini-
cal matters, they refl ect the best understanding of the science of 
medicine in the regular management of patients and in the provi-
sion of care that are valuable in health maintenance, early diagnosis 
of disease, or considerations in health status changes. These rec-
ommendations are to be carried out regardless of the specialty of 
the physician. Variations on recommendations relating to pediatric 
patients are not discussed in this chapter.

The following health indices should be recorded at each visit:

■ Vitals: BP, pulse, temperature, respiration, weight;
■ Presenting complaint(s): medical history as relates to the 

complaint(s), past occurrences, quality, differences and similari-
ties of symptoms, and any management thereof;

■ Medications/and changes: prescribed, over-the-counter, herbs, 
vitamins, and other supplements—compliance with recommen-
dations, appropriate use, abuse, and misuse;

■ Functional Status: ability to perform activities of daily living, 
including emotional and physical aspects;

■ Review of Lifestyle Behaviors and Activities: smoking, regular 
exercise, nutritional factors, rest, meditation, job, family life;

■ Other Changes: including consultations with other health care 
providers for secondary or tertiary care.

What to do for Adult Patients Annually

Despite lack of evidence to support annual physical exams for 
asymptomatic adults, patients report considerable enthusiasm for 
such exams. While many physicians may consider this an essen-
tial aspect of health maintenance for their patients, research has 
shown that only specifi c patients, particularly those with manage-
able chronic illnesses, should receive yearly medical check-ups. 
Healthy individuals with minimal or no risk factors, and those with 
documented healthy lifestyles can be monitored less frequently. 
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and self-esteem, improving the immune system, enhancing overall 
well-being maintaining weight and supporting the body structure, 
and many others. According to a Mayo Clinic report, these benefi ts 
exist regardless of age, gender, or physical ability. The report further 
maintains that exercise has positive infl uence on almost every body 
function and subsequently can reduce the incidence and prevalence 
of diseases that result in signifi cant morbidity and mortality.

COPING WITH STRESS

Stress has both positive and negative effects on the body. The body’s 
reaction to stress, particularly in the long term, can trigger the devel-
opment of serious illnesses or even make an existing physical or 
mental condition worse. Some researchers such as Astin et al. (2003) 
and Pelletier (2004) support these assertions and further recommend 
evidence-based mind-body intervention modalities for patients. The 
chapter on Mind–Body Interactions is a good follow-up reading.

DIET AND WEIGHT MAINTENANCE

Recent studies by Avenell et al. (2004) and O’Brien et al. (2004) 
have shown that obesity is a major public health problem in adults 
and a signifi cant growing issue in children. In light of the current 
obesity crisis, prevention of weight gain and better weight mainte-
nance are critical. Therefore, inquiring and reviewing diet, weight 
management and maintenance are important facets of the regular 
patient encounter.

MOTOR VEHICLE SAFETY

Improvements in motor vehicle safety have contributed to large 
reductions in motor vehicle–related deaths (Harfst and Marshaw, 
1990). While these improvements include engineering efforts to 
make both vehicles and highways safer, additional successful efforts 
of personal behaviors regarding use of safety belts, child safety 
seats, and increased use of motorcycle helmets, designated driver, 
and reduced speed limits have had positive impacts on injuries and 
deaths related to vehicular use.

SAFE WORKPLACES

Common work-related health injuries and illnesses such as coal 
workers’ pneumoconiosis (black lung), and asbestosis, and repeti-
tive stress injuries have been signifi cantly reduced since the emer-
gence of the policies for safer workplaces, use of ergonomically 
structured work stations, and the monitoring of work hours and the 
work environment. It is, however, necessary to review the patient’s 
work environment and any potential hazards that might contribute 
to occupational-related injuries.

RECOMMENDATIONS FOR 
PREVENTIVE SERVICES

In view of the constantly changing and challenging bulk of medi-
cal literature on patient care and management, the U.S. Preventive 
Services Task Force (USPSTF) (1996) recently provided a guide 
on which clinical judgment can be made regarding intervention 
and treatment protocols.

Recommendation Categories

These recommendations were developed with consideration of 
overall costs, patient preferences, and the quality of the overall 
evidence for a service on a three-point scale of good, fair, and poor 
(Table 21.1).

Strength of Recommendations

The USPSTF grades its recommendations according to one of fi ve 
classifi cations (A, B, C, D, and I) refl ecting the strength of evi-
dence and magnitude of net benefi t (benefi ts minus harms). These 
classifi cations represent gradation of the strongest evidence (A) to 
(I) where research has shown insuffi cient evidence of any derivable 
benefi ts. In addition, the USPSTF provides a 3-point scale (good, 
fair, and poor) for determining the quality of evidence to support 
the above recommendations.

A new approach to patient care, the “Medical Home” system 
was proposed several years ago by physicians who were looking for 
different and better ways to deliver health services, improve qual-
ity of care, and also receive appropriate remuneration. The new 
paradigm asserts that with burgeoning health care costs, increasing 
number of the uninsured, and the health care burden associated 
with retirees and the “baby boomers,” there is dissatisfaction among 
patients, physicians, insurers, and the public in general about the way 
the current health care systems function. Initially suggested by the 
American Academy of Pediatrics in 1992, “Medical Home” recom-
mends a major fundamental shift from the patient-centered care to 
the family-centered care that fosters an accessible, multidisciplinary, 
culturally effective, compassionate, continuous, coordinated, and 
comprehensive method of care delivery with the concept of rela-
tionship building. In early 2007, several medical groups, including 

T A B L E  2 1 . 1

U.S. Preventive Services Task Force 
Recommendation Categories

Category Description

SR/A Strongly recommend: Good quality 
evidence exists hich demonstrates 
substantial net benefit over harm; 
the intervention is perceived to be 
cost-effective and acceptable to 
nearly all patients.

R/B Recommend: Although evidence 
exists which demonstrates net benefit, 
either the benefit is only moderate in 
magnitude or the evidence supporting 
a substantial benefit is only fair. 
The intervention is perceived to be 
cost-effective and acceptable to 
most patients.

NR/C No recommendation either for or 
against: Either good or fair evidence 
exist of at least a small net benefit. 
Cost-effectiveness may not be known 
or patients may be divided about 
acceptability of the intervention.

RA/D Recommend against: Good or fair 
evidence which demonstrates no net 
benefit over harm.

I Insufficient evidence to recommend 
either for or against: No evidence of 
even fair quality exists or the existing 
evidence is conflicting.
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the American Osteopathic Association, the American Academy of 
Family Practice, and the American College of Physicians, joined in 
endorsing this system. The Medical Home guidelines consist of six 
index domains: Organizational Capacity, Chronic Condition Man-
agement, Care Coordination, Community Outreach, Data manage-
ment, and Quality Improvement. While some physicians especially 
those in solo medical practices may fi nd it challenging to system-
atically apply the Medical Home concept, its principles refl ect the 
philosophical approaches found in both osteopathic medicine and 
public health. Some modifi cations and fl exibility within this system 
might make it appealing to more physicians.

The Doctor’s Role
In addition to having the expertise to provide standard of care, the 
doctor will also need to be a communicator of information in suc-
cinct and clear ways, a facilitator and coordinator of the gamut of 
services that the patient requires, and further act as an advocate and 
coach inspiring the patient to work toward achieving better health. 
Physicians need to understand that patients expect to be treated 
promptly, courteously, and correctly. They expect their care to be 
personalized and communicated to them in terms they understand. 
These practices can refl ect positive and effective relationships 
between the patients and their doctors.

The Patient’s Role
As the U.S. health care system continues to evolve and change, 
patients and their families seem to be taking more active roles in 
their own health care. It is becoming more and more essential that 
patients actively partner with their physicians and also take more 
responsibility for understanding their care, proactively advocate for 
themselves, engage in open dialogue and communication with their 
doctor, and become knowledgeable in their own health profi les. 
Given these circumstances, the patient becomes an active partici-
pant in his/her own health care and by extension in the health care 
of those that depend on them. The patient’s role thereby comple-
ments and supports the role of the physician. As research reminds 
us (Steinbrook, 2006a,b), the concept of personal responsibility in 
health care is that by following healthy lifestyles (exercising, main-
taining a healthy weight, and not smoking) and complying with 
good judgment (keeping appointments, heeding physicians’ advice, 
and using a hospital emergency department only for emergencies), 
people can enjoy better health, improved quality of life, and greater 
longevity at a more reasonable cost.

Society’s Role
There are many examples of initiatives that are meant to promote 
personal responsibility. The World Health Organization no longer 
hires persons who smoke, suck, chew, or snuff any tobacco prod-
uct, although it will still recruit people “who do not have a healthy 
lifestyle.” In several US states and local communities, laws have 
been enacted to restrict smoking in public areas such as restaurants, 
hospitals, and schools. Airlines no longer permit smoking during 
fl ight, initially due the efforts of the fl ight attendants who wanted 
to minimize their exposure to cigarette fumes and fi nally by public 
regulations that ratifi ed the ban.

SUMMARY

The key to successful preventative and curative treatment of patients 
is to fi rst understand that a host of factors impact the development, 
incidence, and prevalence of disease and illness among the popula-
tion. How we, as physicians, interact with the patient is essential 
to good clinical management and the outcomes. The application of 

established preventive measures as advocated through the concepts 
of public health coupled with the utilization of the principles of 
osteopathic medicine will further our ability to enhance the health 
and well-being of all patients. It is in this way that the tenets of 
osteopathic medicine can be sustained.
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Musculoskeletal Component
WOLFGANG G. GILLIAR

INTRODUCTION

The musculoskeletal system continues to play a central role in the 
osteopathic paradigm of patient care ever since its inception at 
the end of the nineteenth century. As osteopathic medicine has 
grown from a virtually purely “hands-on” profession of healers to a 
present-day system much akin to the orthodox allopathic model of 
disease and pathology, its uniqueness and distinctiveness have been 
challenged in most recent years. According to the World Health 
Organization (2003), “…although the diseases that kill attract 
much of the public’s attention, musculoskeletal or rheumatic 
diseases are the major cause of morbidity throughout the world, 
having a substantial infl uence on health and quality of life, and 
infl icting an enormous burden of cost on health systems …” With 
many assumptions remaining about the profession and its practi-
tioners, we want to take a closer look at the osteopathic approach 
to the individual patient from a musculoskeletal perspective, while 
viewing it as one that is embedded in and guided by the greater 
challenges of public health and health policy at the same time.

Musculoskeletal Function and Burden: 
Perspectives of Public Health and Medical Care

Musculoskeletal or rheumatic conditions include over 150 diseases, 
disorders, or syndromes. These are progressive and painful condi-
tions that present as a leading cause of morbidity and disability, giv-
ing rise to enormous health care expenditures and loss of work (2). 
Musculoskeletal conditions account for more disability and more 
costs to the U.S. health care system than any other condition (3). 
The musculoskeletal conditions with greatest impact on society 
include rheumatoid arthritis, osteoarthritis, osteoporosis, spinal 
disorders, and severe limb trauma (2).

Low back pain is the most prevalent of the spinal disorder 
group and is treated most commonly in the primary health care 
setting (4). This condition presents with signifi cant disability 
among young adults, leading to not only considerable personal 
challenges but also to a large societal burden in all developed. Low 

22
K E Y  C O N C E P T S

■ Juxtaposing the viewpoints of public health and individual patient care with the musculoskeletal system and 
its varied disorders demonstrates their impact and burden on the health care system.

■ A recent shift from static structural diagnosis to a dynamic patient concept is the guide for assessment of the 
“three fundamental pillars” of health care.

■ Appreciation of the primary role of the musculoskeletal system in health and disease is fundamental to the 
philosophy and approach to the patient of the osteopathic system of care.

■ Central tools of osteopathic management approaches include the use of refined functional examinations and 
the application of specific osteopathic manipulative interventions.

■ Recent public health initiatives and prevention strategies have targeted chronic disorders having significant 
musculoskeletal consequences of major functional loss.

■ Physiologic mechanisms viewed from the perspective of somatic dysfunction facilitate osteopathic management 
within an integrated musculoskeletal approach.

back pain is thought of primarily as a self-limiting problem with a 
spontaneous recovery in those who experience their fi rst activity-
related episode. Nonetheless, about 40% of patients with low back 
pain have recurrences within 6 months, and up to 60% have recur-
rences within 1 year (5). Furthermore, with the increasing age of 
the population, this burden will not only increase but is expected 
to become a major challenge to society at large. In addition, when 
coupled to the shift in lifestyle toward greater activity in the very 
same population, there is greater risk of injury, abuse, and overuse.

The Shift from Structure to Function

The central focus in musculoskeletal care in recent years has prom-
inently shifted away from a symptom- or a disease-based descrip-
tion of disability toward the concept of function. This change is 
innately refl ected in the adoption of the current operative term of 
“musculoskeletal system,” as it goes beyond one specifi c physician’s 
specialty of care, say orthopedics, neurology, or rheumatology, 
for instance. The new emphasis in the musculoskeletal system is 
away from a static structural description toward an understanding 
of abilities and health rather than disability. Thus, medicine has 
been moving away from “linear” or purely anatomic disease clas-
sifi cations, typically utilized in the orthodox medical model to a 
dynamic, interactive system. This refl ects the desire to integrate 
human functioning within a larger context, based on the biopsy-
chosocial model (6). This system, in which activity is the center of 
consideration, is represented in Figure 22.1 and Table 22.1.

For the purposes of this chapter, it is helpful to recall that a 
particular disorder or set of disorders can be approached vis-à-vis 
two fundamental perspectives:

1. the Public Health Domain
2. the Health Care Domain

The mission of public health is to promote physical and mental 
health, prevent disease, injury, and disability, and to protect the 
public from environmental hazards (7). The public health domain 
is distinct from health care in that public health focuses on the 
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PUBLIC HEALTH ASPECTS OF 
MUSCULOSKELETAL DISORDERS

Currently in the United States, more than 30% of the entire popu-
lation is affected by musculoskeletal problems that require medical 
care. This fi gure alone represents an increase by more than two per-
centage points over the past decade (9), indicative of a prevalence 
of more than 11.5 million people. While musculoskeletal diseases 
rarely are a cause of death and do not have the high visibility of con-
ditions such as heart problems, respiratory problems, and cancer, 
they are nonetheless much more prevalent and are a major cause of 
pain and reduced quality of life (10). In 2005 alone, 107.7 million 
adults, that is one in two aged 18 and over, reported suffering from 
a musculoskeletal condition lasting three months or longer during 
the prior year. This is nearly twice the number who reported any 
other medical condition (9). In addition, nearly 15% of the adults 
aged 18 and older are reported to be unable to perform at least 
one common activity, such as self-care, walking, or rising from a 
chair, on a regular basis due to their musculoskeletal condition (9). 
Table 22.2 compares the diseases with high mortality with those 
that lead to signifi cant disability (self-reported), with the latter 
having a signifi cant impact on disability and function, and thus 
contributing in the USA to signifi cant health care expenses.

The annual direct and indirect costs of nearly US$ 850 bil-
lion for musculoskeletal care represent 7.7% of the gross domestic 
product (GDP) of the United States (9), corresponding to nearly 
half of the entire health care costs in the United States. These 
fi gures are particularly impressive when realizing that the future 
health expenditures will dramatically rise even more as a result of 
factors that are directly linked to the musculoskeletal system. These 
factors include intensity of care (longer life span, greater prevalence 
of chronic disease) and aging of the population, especially when the 
baby boomer generation (persons born between 1946 and 1964) 
enters the Medicare program in 2011, shifting a signifi cant burden 
to the public sector (9).

prevention of disease within populations, while health care focuses 
on the treatment of disease in individuals (8). With a common 
vision of ensuring good health and often pursuing overlapping 
strategies to achieve this vision, there exists no consensus on 
the precise boundaries between the two disciplines (8). This is a 
point worth remembering, especially when considering the three 
fundamental axes making up the health policy equation that guide the 
entire health system, namely, access, quality, and cost (Fig. 22.2).

Health Condition
(disease - disorder - syndrome)

Body Structure
&

Functions
Participation

Personal
Factors

Environmental
Factors

Contextual Factors

ACTIVITY
(level & type)
ABILITIES

Figure 22-1 Activity level and type are the center of a functional 
approach to the patient, where structure and function interact on 
one level, while at the same time, personal and environmental 
factors play into the entire patient situation as well as the disease 
process itself. (Modifi ed from Public Health Functions Steering Com-
mittee, “Public Health in America,” U. S. Department of Health and 
Human Services, June 1995, accessed August 28, 2008. Available at: 
http://www.health.gov/phfunctions/public.htm.; WHO [2002].)

T A B L E  2 2 . 1

Functional Approach to the Patient

Health Condition Intervention/Medical Care Prevention/Public Health

Health Condition (disease, 
disorder, or syndrome)

Medical treatment/care 
Medication(s)

Health Promotion
Nutrition
Immunization
Exercise

Impairment Medical treatment/care
Manual medicine approaches/manipulation
Medication(s)
Surgery

Prevention of further functional 
deterioration or development of 
further activity limitations

Activity limitation Assistive devices
Personal assistance
Rehabilitative intervention/treatment

Preventive rehabilitation
Prevention of the development of 
participation restrictions

Participation restriction Accommodation
Public education
Antidiscrimination laws
Universal design

Environmental change
Employment strategies
Accessible services
Universal design
Lobbying for change

Source: Modified from WHO (2002). Definitions used in the bio-psycho-social function model and indicating how the different levels of disability 
are linked to the different levels of approaches: intervention (e.g., medical care) and prevention (e.g., public health sector).
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Prevalence

Between nearly 90 million people and 108 million people reported 
musculoskeletal conditions as a primary health concern during the 
2002–2005 period (9). When including people in whom the mus-
culoskeletal disease is a byproduct of another condition, nearly 50% 
(46.6%) of the population reported some musculoskeletal disease 
(135.6 million people) (9). Figure 22.3 shows prevalence of mus-
culoskeletal diseases and percentage of total population, United 
States, 1996–2004.

Utilization

Persons with musculoskeletal conditions account for a rather large 
share of health care utilization. Since 1999 to 2001, utilization has 
been increasing steadily, especially that associated with the con-
sumption of prescription medication, which is twice the amount in 
the 2002–2004 as compared with the 1996–1998 interval.

Expenditures

Overall, the total average individual expenditure rose by 23% from 
$4,751 in the 1996–1998 interval to $5,824 (9). The aggregate total 
expenditures increased by nearly $150 billion from 361.0 billion to 
a total of $ 510.0 billion during this time frame, corresponding to 
a more than 40% increase. Within a 6-year period, it is noteworthy 
that the percentage of the GDP represented by expenses associated 
with MSK disease has risen from 4.4% (1996–1998 aggregates) to 
4.6% (2002–2004 aggregate numbers).

Musculoskeletal health care utilization and the economic costs 
of musculoskeletal diseases are the focus of a recent comprehensive 
monograph published by the American Academy of Orthopaedic 
Surgery (9). The report highlights and substantiates the growing 
impact and burden musculoskeletal problems will have on both the 
health care industry and on the individual patient. A brief review 
of the reported fi ndings will be presented here to address some 
of the major considerations such as (a) musculoskeletal disease 
prevalence, (b) musculoskeletal health care utilization, (c) muscu-
loskeletal medical care expenditures, and (d) impact of musculosk-
eletal diseases on the U.S. economy.

HEALTH POLICY

Access Quality Cost

Public Health Health Care

Prevention Cure and Care

Figure 22-2 Health Policy as shaped by the three “pillars” of 
access, quality, and cost of health care issues. The public health sec-
tor deals primarily with prevention, and the individualized patient 
health care sector (e.g., hospitals, clinics, doctors’ offi ces, etc.) deals 
with the care and cure of disease or disorders. However, the borders 
between the two often overlap and may be blurry.

T A B L E  2 2 . 2

Causes of Death and Disability in the United States (2006)

Most Common Causes of Death in 
the United States* (2006)

Main Causes of Disability Among U.S. Adults 
Over 18 Years of Age**

Disease of the heart (28.5% of total) Arthritis or rheumatism (19% of total)
Cancer/malignancy (22.8% of total) Back or spine problems (16.8% of total)
Stroke/cerebrovascular accident (6.7% of total) Circulatory/heart trouble (6.6% of total)
Chronic lower respiratory diseases (5.1% of total) Lung or respiratory trouble (4.9% of total)
Accidents (nonintentional injuries) (4.4% of total) Mental or emotional problems (4.9% of total)
Diabetes Mellitus (3.0% of total) Diabetes (4.5% of total)
Alzheimer disease (2.7% of total) Deafness/hearing problems (4.2% of total)
Influenza and Pneumonia (2.4% of total) Stiffness of deformity of limbs/extremities 

(3.6% of total)
Nephritis/kidney diseases (1.7% of total) Blindness or vision problems (3.2% of total)
Septicemia (1.4% of total) Stroke (2.4% of total)
Intentional self-harm/suicide (1.3% of total) Cancer (2.2% of total)
Chronic liver disease (1.1% of total) Broken bone/fracture (2.1% of total)
Primary hypertension/hypertensive renal disease (0.8% of total) High blood pressure (1.9% of total)
Parkinson disease (0.7% of total) Mental retardation (1.5% of total)
Homicide (0.7% of total) Senility/Dementia/Alzheimer disease (1.1% of total)

Note: The table compares the most common causes of death in the United States in descending order and the main causes of self-reported 
disability of adults older than 18 years of age in the United States. 

Sources: Mortality figures (left column): http://www.cdc.gov.nchs/data/nvsr/nvsr57/nvsr57_14.pdf and for disability figures (right column): 
http://www.cdc.gov/mmwr/preview/mmwrhtm/mm5816a2.htm#tab1
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Economic Impact

The direct total costs for all four conditions studied (e.g., gout, 
osteoarthritis, rheumatoid arthritis, spine disorders) including 
earning losses are highest for those associated with disorders of the 
spine, followed by those associated with osteoarthritis and allied 
disorders, gout, and rheumatoid arthritis (9). When further includ-
ing with spine disorders, the total costs for spine care amounted to 
$120 billion US$, which is nearly three times that used for treat-
ment of osteoarthritis and allied disorders, and nearly four times 
that used for treatment of gout or rheumatoid disease each (9).

PUBLIC HEALTH INITIATIVES AND 
PREVENTION STRATEGIES

The monumental impact of musculoskeletal conditions worldwide 
is now recognized by the United Nations, the World Health Orga-
nization, World Bank, and numerous governments throughout the 
world through support of the Bone and Joint Decade 2000 to 2010 
initiative (9,11).

Realization of the impact from bone and joint disorders on 
society, the health care system, and on the individual, combined 
with the awareness that resources need to be more effi ciently used, 
culminated in the proposal for the “Decade of the Bone and Joint 
from 2000 to 2010” (12). The Bone and Joint Decade 2000–2010 
aims to improve the health-related quality of life for persons with 
musculoskeletal disorders by working in partnership with all 
stakeholders to raise awareness, identify needs, empower patients, 
promote cost-effective prevention and treatment, and advance 
understanding through education and research to improve preven-
tion and treatment (13). The major areas of focus are osteoporosis, 
rheumatoid arthritis, back pain, and musculoskeletal trauma (13).

Drawing on a number of major documents produced by various 
national and international groups over the last few years, an inter-
national task force of the Bone and Joint Decade came together to 
develop standards for the care of acute and chronic musculoskeletal 
pain (14). The group’s document is a product of the World Health 
Organization Collaborative Centre for Evidence-Based Health 
Care in Musculoskeletal Disorders (15) that has set forth the fol-
lowing three goals:

1.  To identify barriers and facilitators that affect successful imple-
mentation of health strategies for better musculoskeletal health

2.  To identify the costs of musculoskeletal conditions and develop 
economic models for cost-effectiveness

3.  To monitor for ongoing activities relating to musculoskeletal 
conditions etiology, prevention, and treatment

Another recent example of successful international collaborative 
efforts is refl ected in a series of publications on the topic of neck 
pain and its burden on the health care sector as published in the 
journal Spine (16). The authors who made up the working group 
actually developed a new conceptual model for the evaluation and 
treatment of neck pain and then presented a new classifi cation sys-
tem based on a “domain approach” to neck pain by using “axes” of 
diagnostic categorization similar to a system used in the psychiatry/
psychology literature (16).

With respect to manipulative and exercise therapy for neck 
pain, the group’s best evidence synthesis suggests that such thera-
pies are more effective than alternative strategies for patients with 
neck pain. Their recommendations for future efforts include stud-
ies of noninvasive interventions for patients with radicular symp-
toms and on the design and evaluation of neck pain prevention 
strategies (17).

THE OSTEOPATHIC PERSPECTIVE—APPROACH: 
REAL AND PERCEIVED BENEFITS

In the United States, Osteopathic Medicine is described as a complete 
system of medical care with the philosophy of treating the whole per-
son, not just symptoms (28). Currently, there are more than 60,000 
osteopathic physicians (D.O.—Doctor of Osteopathic Medicine) 
refl ecting a signifi cant growth in numbers in the recent years (18).

DOs may use all accepted methods of treatment, including 
drugs and surgery, while they place special emphasis on the body’s 
musculoskeletal system, preventive medicine, and holistic patient 
care (19). With about half of DOs practicing in general or family 
medicine, general internal medicine, or general pediatrics, they 
are most likely to be primary care specialists although they can be 
found in all specialties (19).

It would seem plausible to hypothesize that osteopathic medi-
cine, by virtue of its medical education and philosophical underpin-
nings, is uniquely positioned to provide a comprehensive medical and 
manipulative perspective to a variety of medical disorders in general, 
and musculoskeletal problems in particular. The remainder of this 
chapter will take a closer look at the current supportive evidence 
of such claims. Of interest in the discussion will be the concept of 
the “art of osteopathic medicine,” which provides satisfactory patient 
care even in situations where there is no “published evidence.”
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Figure 22-3 Prevalence of musculosk-
eletal diseases and percentage of total 
population, United States, 1996–2004. 
While the 2% increase in prevalence 
between the 1996–1998 and 2002–2004 
time intervals appears rather modest, it 
refl ects an increase of nearly 12 million 
people in the same time frame. (Modi-
fi ed after reference WHO Technical 
Report Series. The burden of muscu-
loskeletal conditions at the start of the 
new millennium. Available at: http://
whqlibdoc.who.int/trs/WHO_TRS_919.
pdf, accessed August 24, 2009.) 
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According to Cypress (1983), low back pain was the most 
common reason for offi ce visits to osteopathic physicians based 
on the 1977–1978 National Ambulatory Medical Care Surveys 
(NAMCS) (20).

Subsequently, based on the NAMCS of nearly 40,000 ambu-
latory care visits to osteopathic physicians, Koch and McLemore 
report in 1987 (21) that “although offi ce-based DOs gave ample 
evidence of their prominent concern with the musculoskeletal sys-
tem, this concern did not appear to dominate their offi ce practice.” 
The closest counterpart to osteopathic offi ce care was found in the 
care provided in the offi ces of MDs in general or family practice. 
Most DOs in offi ce practice were best characterized as generalists 
who brought the added dimension of a specialized philosophy and 
training to the conduct of their professional tasks. With respect to 
musculoskeletal disease, the same authors found that DOs were 
more focally involved with injuries and musculoskeletal disease, 
conditions which, according to prior NAMCS studies, were among 
the most likely to be associated with symptomatic pain (22,23).

This allowed Koch and McLemore to further conclude that 
apparently, the use of manipulative therapy “reduced the perceived 
need for pain medication, albeit to an unknown extent” (20). The 
following patient and physician characteristics were specifi cally 
reported: “The DO’s special concern for the musculoskeletal sys-
tem is evident in the fi nding that back symptoms were the major 
reason for a patient visit. Back and neck symptoms alone motivated 
about 1 of every 10 visits to the osteopathic physician.”

More recently, Licciardone and Herron (23) report that a 
majority of those patients who visit an osteopathic physician receive 
treatment for musculoskeletal disorders. Furthermore, based on a 
national telephone survey, Licciardone further reports in 2003 (25), 
that a majority of those patients who visit a DO also receive spi-
nal manipulation. Among those persons who reported being life 
time users (16% of the respondents), 84% received primary care, 
while 52% reported receiving osteopathic manipulative treatment 
(OMT) and 25% received specialty care.

Musculoskeletal Disorders, Health Care Access, 
Cost, and Quality

The Osteopathic Survey of Health Care in America (OSTEO-
SURV II), a national random telephone survey, confi rmed that 
most patients visiting osteopathic physicians (52% in the 1998 and 
2000 administrations) continue to seek treatment for musculoskel-
etal conditions (25).

In the United States, osteopathic physicians, allopathic gen-
eral and family physicians, chiropractors, orthopedic surgeons, and 
other medical specialists are the main providers of low back pain 
care. Millions of offi ce visits per year are attributed to low back 
pain, and almost half of the visits may involve spinal manipulation 
provided by osteopathic physicians or chiropractors (25).

With respect to the quality component of the health care equa-
tion, it is noted that unlike treatment modalities offered by many 
allopathic physicians, including orthopedic surgeons and neurosur-
geons, and spinal manipulation provided by chiropractors, OMT 
can be readily integrated with other primary health care services 
when patients visit osteopathic physicians (26).

Considering that the majority of low back pain is mechanical, 
consideration should be given to the nonspecifi c low back pain as a 
multifactorial problem, yet all the while considering the “sprain/strain” 
model to be more refl ective of somatic/segmental dysfunction (27).

Osteopathic Structural Examination

The primary goal in the osteopathic management of a patient with 
a particular condition, especially with a musculoskeletal component 

(as the presenting or the associated phenomenon), is to view 
the infl uences of posture, regional, and segmental dysfunctions 
upon the entire organism or specifi c body regions. The goal of 
the osteopathic structural examination (OSE), which searches 
for functional aberrations within the musculoskeletal system, is 
to determine the presence of one or multiple segmentally related 
somatic dysfunction(s) and its/their relevance within the overall 
clinical presentation. Perhaps the greatest contribution from the 
osteopathic manipulative approach and integrative thought is 
the evaluation of a diagnostic and therapeutic framework defi ning 
the various dysfunctions that affect the musculoskeletal system, with 
a goal of restoring maximal function within postural balance (28).

The OSE has as the primary goal the determination and speci-
fi cation of the entity known as somatic dysfunction (ICD 9:739). 
The examination routine builds upon and is integrated into the 
standard neuro-orthopedic and medical examination routine. By 
using the OSE, the physician is able to obtain information about 
the tissues and body regions otherwise not available through the 
standard medical exam or diagnostic imaging or laboratory studies.

The OSE takes on special consideration in the musculoskeletal 
system and also is important when dealing with nonmusculoskeletal 
issues, especially when mediated through viscerosomatic refl exes.

A Rational Approach to the Patient

In order to maximize the individual person’s functional capacity, 
osteopathic medicine’s philosophical and practical approach has 
always emphasized the individual’s capacity for self-healing when 
appropriately guided and fostered, including the use of manual 
medicine approaches. Thus, so it appears, osteopathic medicine has 
inherently “practiced” medicine using the biopsychosocial model 
throughout. More research is needed that will look at such factors 
as cost-effectiveness, impact, outcomes, and expediency of care as 
provided by medical providers, and osteopathic physicians, in par-
ticular. The “standard” research methods, however, may not suffi ce. 
New tools or approaches to the study of functional abilities as well 
as impairments and disabilities are needed in order to fully “catch” 
the multilayered effects a fully integrated hands-on approach has 
within the medical setting (29).

With the growing international collaborative efforts, it is 
becoming evident that what should guide patient management 
is a comprehensive and patient-centered approach based on the 
best available evidence. In addition to recommending specifi c 
evidence-based practices for neck pain, the members of the Bone and 
Joint Decade 2000–2010 Task Force on Neck Pain and Its Associated 
Disorders performed an analysis of their own group’s activities and 
“internal workings” in a “Self-Study of Values, Beliefs, and Con-
fl ict of Interest,” which led to a set of “Guiding Principles” (30). 
From this, it is apparent that such guiding principles are helpful, if 
not necessary, in advancing sound consensus.

Musculoskeletal Issues and Medical Diagnoses

Of growing recent interest to clinicians and basic science research-
ers alike are the often surprising interrelationships that have been 
observed to exist between many nonmusculoskeletal and muscu-
loskeletal conditions as well as particular medical issues related to 
various musculoskeletal problems.

When a patient enters the osteopathic physician’s offi ce, the 
musculoskeletal component assumes a central role for either of the 
two following reasons or a combination of both:

1.  The presenting complaint is related to the musculoskeletal system.
2.  The presenting complaint is a medical issue that is accompanied 

by musculoskeletal issues.
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four cardinal questions that need to be answered in each clinical 
situation, especially when associated with apparent or true medi-
cal emergencies involving complaints of pain, stiffness, or swelling 
affecting the spine and joints of the extremities.

1.  Is there a systemic organic disease that could explain the 
symptoms?

This question would lead to the appropriately targeted medical 
evaluation of the patient ruling out the prominent “red fl ags.” The 
osteopathic physician’s medical education allows her/him to easily 
integrate the “red fl ag thinking” into the standard medical exami-
nation. The OSE may provide immediate clues for diagnosis (e.g., 
presence of viscerosomatic refl exes) and osteopathic treatment may 
provide information about prognosis in response to manipulative 
treatment that may be provided as an adjunct or primary treatment 
intervention for a particular situation.

2.  Are the symptoms due to neurologic defi cits that are becom-
ing progressively worse (e.g., low back pain, with worsening 
leg pain and loss of bowel and/or bladder control, for instance, 
in cauda equina syndrome)?

In this case, surgical referral is then most likely indicated.

3.  Are there social or psychological stress factors that infl uence 
or worsen the patient’s pain perception (e.g., impending job 
loss, family discord, prolonged disability, loss of function), 
both vocationally and avocationally that may have precipi-
tated psychological issues?

4.  Is there a history of major trauma—even if remote?

This question includes trauma that may have required hospitalization 
in the past, for instance. Of signifi cance is any report in which the 
patient volunteers the information that the “wind has been knocked” 
out of him/her. If there is such a history, it may imply longstand-
ing adaptive or compensatory changes in the entire musculoskeletal 
system such that areas of “stress” are created throughout the body, 
which may cause symptoms “away” (centripetal from) the location of 
original injury. For instance, a patient with shoulder pain may pres-
ent with a pelvic dysfunction that had never been detected, and vice 
versa, leading to all sorts of muscle, fascial, articular, and capsular 
changes that may create an “individualized” pain presentation.

Integrated Osteopathic Evaluation and Management

The aim of individual patient management is to comprehensively 
address both the patient’s pain and his/her functional defi cits and, 
using best medical practice, to work toward goals that are deter-
mined in partnership between patient and physician (32). Both the 
patient’s vocational and avocational interests must be taken into 
account when developing a management plan. Furthermore, it is 
prudent to build projections of time frames according to which 
one would expect certain improvements to occur in order to allow 
monitoring patient progress. It should be remembered that even 
when best care is rendered, patient expectations and preferences 
may affect outcome (33).

Manual medicine treatment may assume an integral role in the 
management of the various musculoskeletal disorders or particular 
presentations. This is especially true when the approach to the indi-
vidual patient is appropriately coordinated within the entire patient 
medical management process; from obtaining a meaningful history 
to integrating a structural/functional musculoskeletal examination, 
and implementing a comprehensive treatment plan with appropri-
ate follow-up, all the while determining specifi c medical and func-
tionally meaningful end points.

The physician skilled in both aspects, that is one having achieved a 
well-educated understanding of both the full spectrum of medical 
care and the musculoskeletal system, is best situated to determine 
the most appropriate patient-specifi c approach.

Organic Versus Musculoskeletal Pain

AN INTERESTING CASE

A woman in her early 60s was referred for osteopathic manipu-
lation by her internist because of unresolved upper and midback 
pain of several weeks’ duration. Laboratory and radiographic 
studies had been unremarkable. The history revealed a “strain” 
after the patient had picked up her granddaughter. Initial osteo-
pathic evaluation revealed no localizing neurologic deficits or 
other “red flags” but found both chronic and acute tissue changes 
in the midthoracic region. The patient received myofascial trig-
ger point injections with Lidocaine and OMT in the first visit.

In her follow-up visit one week later, the patient reported 
that the presenting pain had completely disappeared after the ini-
tial treatment, only to return “like gang-busters” 2 to 3 hours after 
the injection. Follow-up examination revealed more acute soft-
tissue changes and somatic dysfunctions, prompting the contact 
of the patient’s internist to rule out viscerosomatic disease.

The MRI of the spine revealed a space-occupying lesion in 
the thorax, which by biopsy turned out to be a mesothelioma. 
The patient succumbed approximately 6 months later.

Organic pain may mimic musculoskeletal pain. The more com-
mon organ-system related pain syndromes that present as either 
pseudospine pain or pain referred to various regions of the axial 
skeleton and/or the extremities include the following (29):

■ Cancer and the entire body system—85% of patients who have 
bone cancer report pain; 50% of patients who have breast cancer 
report pain; and approximately 40% of patients who have lung 
or gastrointestinal cancer report pain.

■ Cardiovascular disease that may present with pain mimicking mus-
culoskeletal disease include abdominal aortic aneurysm, angina, 
myocardial infarction, pericarditis, and mitral valve prolapse.

■ Lung diseases include such entities as a pulmonary embolus, 
pneumonia, and tracheobronchial pain.

■ Gastrointestinal diseases include cholecystitis, duodenal ulcer, 
irritable bowel syndrome, and pancreatitis, among others.

■ Symptoms/signs related to the genitourinary system include 
sources such as cystitis, nephrolithiasis, and prostatitis.

■ Gynecologic considerations include endometriosis, pelvic infl am-
matory disease, and ectopic pregnancy, as well as cancer.

Recent research advances in the basic and clinical sciences have shown 
in the care of the patient with diabetes, for instance, that the skel-
eton is more than the support and biomechanical “connector organ” 
of the body, as it is “actually an endocrine organ,” which produces 
hormones that act outside of bone (31). The spine is now believed to 
infl uence the body’s insulin and glucose levels. For instance, Osteo-
calcin, a hormone released by bone cells, is reported to direct the 
pancreas to produce more insulin: all the while it is thought to signal 
fat cells to increase their sensitivity to insulin (31).

The Patient Visit: Cardinal Questions

From a direct and practical medical management standpoint, in 
the evaluation of a patient with a musculoskeletal issue, there are 
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T A B L E  2 2 . 3

The OSE Embedded in the Standard Patient Visit Routine Based on the Problem-oriented 
SOAP-format Approach

Subjective
Patient’s Chief Complaint
Pain—Loss of Function—Lifestyle Changes Physician Activity/Task

1.  History of present illness
2.  Detailed pain history and medical history
3.  Functional history/loss of function
4.   Is there sinister organic pathology (“red 

flags”)
  a. nonmusculoskeletal related history
  b. musculoskeletal related history
5.  Any history of trauma? Recent vs. remote
6.   Review of systems, social, family history, 

medication use, allergies, prior 
interventions/studies, etc.

Standard Medical Interview and questions (including 
stress and stressors)
Osteopathic considerations
a.  trauma, even if remote
b.  work habits (vocational)
c.  avocational components (hobbies, etc.)
d.   stress and stressors (unit/function/outcome)
e.   any “mechanical issues” that could 

contribute or exacerbate an underlying/associated 
medical issue

f.   patient goals and why he/she came to the visit

Objective Standard Neuro-Orthopedic Exam Physician Activity/Task

1.  “LOOK”: General Inspection
  Gait—posture—deformities—skin

2.  “FEEL”: Palpation of gross structures
3.  “MOVE”: Range of motion (quantity)
4.  Neuro exam: Sensory-motor examination
5.  Special tests: Provocative tests
6.   Adjunct studies:  Laboratory/Imaging/

Neurodiagnostics

Appropriate
Exams/evaluation
Standard medical exams
Osteopathic
Integration using the structural 
examination routine—to be correlated with the 
other findings
KEY element: Integration of structural OMM exam 
into the entire clinical scenario (contextual)

Osteopathic Structural Exam
Screen—Scan—Segmental Exam

1.   “LOOK”:  Specific joints, spine and tissues 
after general exam

2.  “FEEL”: Detailed tissue/joint palpation
3.   “Move”:  Segmental/joint specific motion 

testing; quality and quantity
4.  Function: Muscles and Fasciae/“Points”
5.    Specific tests:  Provocative testing of specific 

joints/regions

Assessment Diagnosis—Assessment—Clinical Impression Physician Activity/Task

1.  Structural level: “organic”
2.  Functional level: “dysfunction”
3.  Pain perception level: pain and behavior

1.   RATIONALE for which studies are essential/
helpful — and which might be “superfluous”

2.   RATIONALE for the correlation of osteopathic 
diagnostic findings to the clinical presentation

3.   RATIONALE as to what techniques are indicated 
and contraindicated

4.   RATIONALE as to what patient goals and 
physician goals would need to be prioritized and 
what outcome is expected in what time frame

5.    Provides the framework of what additional information 
is essential to have and how to obtain it

Plan Treatment—Planning—Management

1.    Comprehensive, patient-specific planning 
and time projections

2.  Setting meaningful functional goals
3.    Periodic reevaluation with appropriate 

parameters to monitor progress or lack 
thereof

As shown in Table 22.3, the OSE thus builds upon and refi nes 
fi ndings elicited in the standard neuro-orthopedic examination by 
using specifi c manual medicine approaches (56), by:

1.  Paying specifi c attention to fi ndings of asymmetry in posture, 
regional, and segmental regions

2.  Determining both the degree and the quality of motion 
abnormalities/restrictions or hypermobility

3.  Eliciting abnormal soft-tissue fi ndings in muscle and fascial 
structures

4.  Eliciting specifi c fi ndings through controlled provocative 
testing
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5.  Helping select the appropriate additional diagnostic studies as 
indicated by the patient’s presentation and specifi cally defi ned 
patient and physician goals with specifi c outcomes and time 
frames in mind

The key is that the presenting complaints and fi ndings per each 
visit’s assessment should be reviewed anew and monitored on an 
ongoing basis and compared with the initially set patient-physician 
goal so as to allow meaningful monitoring of the progress or lack 
thereof. The patient’s pain should be assessed within the greater 
context of patient expectations and elicited goals. Patients may be 
“ok to live with some pain,” as long as they can do what they want 
or need to do.

SUMMARY

The incidence of musculoskeletal problem in the general popula-
tion is so high that a typical patient is likely to have MSK prob-
lems in addition to the other medical issues. Neck and back pain 
are among the leading source for cost generation in the United 
States, and there is no change for the better predicted given the 
aging of the population. The cost associated with the diagnostic 
and therapeutic management of chronic musculoskeletal diseases 
or disorders is expected to continue to rise. Musculoskeletal disor-
ders have a profound effect on aging and lifestyle and vice versa. 
Consideration of the role that somatic dysfunction plays in the 
musculoskeletal system may provide improvement in quality, cost, 
and access to care. The osteopathic physician is able to positively 
infl uence the (a) access, (b) quality, and (c) cost dimensions directly. 
Osteopathic physicians are well prepared to take on the challenge 
of muscle and bone disorders, especially when considering the dual-
ity of either (A) medical issues that are accompanied by musculo-
skeletal issues or (B) musculoskeletal issues that are accompanied 
by medical problems. The ability of treating both simultaneously 
should enhance access, quality, and cost through a best-practice 
approach.
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Environmental Issues
NATALIE A. NEVINS

INTRODUCTION

Our environment is made up of all the things around us. It can be 
broken down into our natural world such as air, water, and earth, 
and our man-made world such as our homes, buildings related 
to work, pollution, and chemicals. Our environment includes the 
foods we eat, the clothes we wear, and even our socioeconomic sta-
tus. As human beings, we have an intimate relationship with our 
environment. We cannot be separated from the food and water we 
eat and drink, or the environment in which we live. Too often, we 
take environmental issues for granted and dismiss them as a factor 
in health. As a physician, it is vitally important to remember these 
aspects when evaluating patients. An environmental history is a 
key component to obtaining an accurate picture of your patient’s 
complete health status. You are your environment.

THE INTERACTION OF GENETICS 
AND ENVIRONMENT

Some liken the role of genetics in your overall health as a loaded 
gun, and the environment as the actual trigger. Patients often ask 
themselves the “why me” question. How is it possible for one person 
to smoke like a chimney for years and never develop lung cancer, 
and another individual who smokes signifi cantly less yet devel-
ops lung cancer? Current research is leading scientists to believe 
that factors in our environment, such as pollution and man-made 
chemicals, as well as naturally occurring gases and radiation may be 
setting us up for disease (1). The National Academy of Science has 
reported that as much as 25% of developmental disabilities may be 
caused by environmental factors.

A study in 2006 evaluated the effects of polychlorinated 
biphenyls (PCBs) on the cognitive function of adolescents. The 
study found that there were “signifi cant correlations between serum 
PCB concentrations and three subtest scores: delayed recall index 
( p = 0.019), long-term retrieval ( p = 0.004), and comprehension 
knowledge ( p = 0.043). These subtle negative effects provide a 
warning that more serious effects could occur from greater expo-
sure to environmental PCBs” (2). PCBs were banned in the 1970s, 
but they are classifi ed as persistent organic pollutants that bioac-
cumulate in mammals. They were used in many everyday items 
such as wood fl ooring, adhesives, and paints to name just a few. 
Thus, many homes and buildings that were built with the use of 
PCB-contaminated items continue to be a health threat, especially 
to those of lower socioeconomic status (3). If we do not ask our 
patients about their environment, we will miss important epide-
miological information that will help us diagnosis, treat, and, more 
importantly, prevent disease.

ENVIRONMENT AS THE TRIGGER FOR 
DISEASE DEVELOPMENT

Several common environmental factors can impact health (4–7), as 
shown in Table 23.1.

Examples of work-related environmental diseases include:

■ Carpal tunnel syndrome
■ Hearing loss
■ Vibrational trauma
■ Musculoskeletal pain
■ Asbestosis/pleural plaques

Examples of environmental diseases related to chemical/biological/
radiation sources include:

■ Birth defects
■ Cancer
■ Dermatitis
■ Emphysema
■ Fertility problems
■ Lead/mercury poisoning
■ Nervous system disorders
■ Vision problems
■ Waterborne diseases
■ Kidney/liver disease
■ Asthma
■ Allergies

PATIENT HISTORY

When taking a social history of your patient, it is imperative to 
include an environmental history that includes both occupational 
and nonoccupational information. Specifi c questions will give you 
the detailed information you need to properly evaluate and care for 
your patients.

Keep in mind that chemicals leave residue behind even out-
doors. Children and pets crawl on fl oors and play outside, and 
young children place almost everything in their mouths. We tend to 
have close contact with our pets and they often sleep with us; thus, 
a pet could contaminate our indoor living spaces. Most patients are 
not aware of what kinds of chemicals are in their home-cleaning 
products or pesticides, or the chemicals used where they work. All 
employers are mandated by the government to maintain a Material 
Safety Data Sheet (MSDS) that is accessible to all employees giv-
ing a complete list of all chemicals used in the workplace. Patients 
should be encouraged to maintain a fi le with a copy of the MSDS 
from all of their jobs (8).

K E Y  C O N C E P T S
■ Environmental health is the field of science that studies how the environment influences human health and disease.
■ When a patient presents with signs and symptoms of disease that is difficult to successfully treat, you as the 

clinician should go back to the patient’s history and make sure you included a complete environmental history.

23
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NONOCCUPATIONAL AND OCCUPATIONAL 
ENVIRONMENTAL HEALTH HISTORY

Begin asking questions systematically. The questions apply to pedi-
atric, adult, and geriatric patients. You need to ask specifi c ques-
tions as most patients are unlikely to realize that environmental 
information could be pertinent to their problem. Box 23.1 provides 
a sample of some of the key questions to ask your patients. It is not 
intended to be a comprehensive list of all possible questions. Your 
general history should have the majority of your open-ended ques-
tions. An environmental history should be focused on the details; 
be a detective.

T A B L E  2 3 . 1

Examples of Environmental Health Factors

Natural world Air Water Soil Chemical Biological Social
Examples
Dust Radon gas Mercury Arsenic Mold Fungi Pollen
Man-made world Structures: home 

and work
Schools Farms Factories Community 

buildings
Roads

Transportation: 
public and private

Land Waste 
management

Pollution Chemicals

Examples
Organophosphates Pharmaceuticals Latex Asbestos Epoxy resins Cigarette 

smoke
Carbon monoxide

Lead paint PCBs Noise Pesticides Ozone

Key Questions in an Environmental 
Health History
• Is the problem acute or chronic?
• Are the symptoms worse when at home or work?
•  What chemicals are used in and outside the home (e.g., 

pesticides, paints, solvents, glue, cleaners, etc.)?
•  Do any of the chemicals have a warning label (such as 

“Do not use around small children or pets”)?
•  Is the home near any manufacturing companies? If so, what 

kind?
•  Does a family member work around chemicals? If so, what 

are the chemicals?
• Are any of the household pets sick?
•  Does anyone else in the home or neighborhood have the 

same symptoms?
•  Is there peeling paint around the home or in the neighborhood? 

Are there abandoned buildings accessible to the children?
• Is there new construction in or around the home?
• Are medications and chemicals out of reach of children?
•  Has there been any recent water leakage in the home? 

Is there black mold growing on walls?
•  What protective equipment is used when handling chemicals 

in and outside the home? Are these chemicals used around 
pets or children’s toys?

(continued)

•  Have there been visitors to the home from another country? 
Has there been travel outside the country?

•  Has the home been tested for carbon monoxide or radon gas?
• Does anyone smoke in or around the home?
• Do you use well water?
• Is the patient eating a strict vegan diet?

Focused Occupational History Questions
• Type of work: current and past 10 years
• Chemical or radiological exposures
•  If there are chemicals in the workplace, does the patient have 

a copy of the MSDS?
•  If working with or around chemicals, what protective gear 

does the patient use?
•  If working with or around chemicals, does the patient shower 

at work and change clothes before going home?
• Does the patient work in manufacturing? If so, what kind?
• Does the patient work outside? If so, in what capacity?
•  Is any machinery used (e.g., heavy, loud, grinding 

vibrational, etc.)?
•  If working with or around machinery, what kind of protective 

equipment is used?
• Does the patient work with animals? If so, what kind?

CASE VIGNETTE: ENVIRONMENTAL ILLNESS

Mary is a 40-year-old health care worker who is in good health 
with a medical history of only reactive airway disease (RAD). 
She reports to the clinic with chief complaints of new-onset 
shortness of breath, nonproductive cough, and wheezing that 
started 3 weeks ago. She denies any other symptoms. She states 
that she has not had a flare-up of her RAD for over 5 years. 
Her RAD is known to be triggered by dust mites, mold, and 
dog dander. She admits to trying allergy medication and an 
albuterol inhaler without significant improvement in her symp-
toms. The patient reports that she moved into a new house 
3 weeks ago, that is a new construction home. It has been 
professionally cleaned three times, but her symptoms seem to 
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There are many resources to assist the practicing clinician with 
understanding the impact of environmental issues on health. 
The Toxicity and Exposure Assessment for Children’s Health 
(TEACH), is a Web site run by the EPA that contains summa-
ries  of scientific literature and U.S. Regulations regarding chil-
dren’s environmental health currently focusing on 18 known 
chemicals of health concern (www.epa.gov/teach/). Many infor-
mation portals can be accessed through the EPA Web site. 
Other useful sites are The National Center for Environmental 
Assessment (NCEA), www.cfpub.epa.gov/ncea/, The National 
Institute for Occupational Safety and Health (NIOSH), www.
cdc.gov/niosh/, National Institute of Environmental Health 
Sciences (NIEHS) www.niehs.nih.gov/, and The Centers for 
Disease Control and Prevention, www.cdc.gov/Environmental/.

Resources Box
be getting worse. She reports that she has attempted to “dust 
proof” her new house (hardwood floors, no drapes, dust mite 
covers on her pillows and mattress, air purifier in her bedroom). 
She has a cat that does not go outside.

Physical examination reveals normal vital signs. The 
remainder of the exam was normal except for; head exam 
revealed dark circles (allergic shiners) under each eye. Nasal and 
throat exam revealed boggy and pale nasal mucosa with clear 
drainage and cobblestoning of the posterior pharynx. On pul-
monary evaluation, the patient had both inspiratory and expira-
tory wheezing. The remainder of the lung exam was normal.

Investigation of the patient’s new home revealed an access 
panel in her bedroom closet that connected to the room for the 
washer and dryer. When the panel was removed black mold 
(stachybotyris) was found covering all of the inner drywall in 
the access space. A professional mold removal company was 
hired to eradicate the mold. The patient’s symptoms completely 
resolved after the space was cleaned.

Patient Education: Easy Steps to Personal Environmental Health

As a physician, your job is not only to diagnose and treat medi-
cal problems, but also to educate patients on how to prevent 
health problems in the first place. Below you will find some 
important tips to help you educate patients on how to maintain 
good health.

 1.  Read labels on house and garden chemicals. Crosscontam-
ination is common and can lead to accidental self-poison-
ings. Patients should carefully follow instructions on the 
handling of chemicals especially around children and pets. 
Use gloves, masks, and eye protection when recommended. 
When possible use nontoxic, biodegradable products in and 
around the home.

 2.  Turn down the volume. Noise pollution is real and can cause 
permanent hearing damage. Use ear plugs when working 
with loud equipment and when attending loud concerts (9).

 3.  Use a carbon monoxide detector in your home. Carbon 
monoxide can leak from faulty heaters and is produced 
from the exhaust of cars. Detectors are inexpensive and 
easy to install.

 4.  Know the hazards of your job. All businesses are required to 
have an MSDS file of the known chemicals used on a job 
site. Encourage patients to ask their employer for a copy of 
this information to include with their chart.

 5.  Immediately deal with any water leakage in the home. Look 
for any signs of mold (commonly found in wet areas around 
washing machines, windows, and bathrooms). Remove all 
mold from your home (10).

 6.  Keep chemicals and medications out of reach of children. 
Use child-proof locks on all accessible cabinets that contain 
household cleaners/chemicals.

 7.  Don’t smoke/don’t allow others to smoke around you. 
There are over 4,000 known chemicals in tobacco smoke, 
and it is a known carcinogen.

 8.  Allergy sufferers and asthmatics should consider using an 
air purifier in their homes. Use dust mite covers on pillows 
and bedding. Avoid being outside, and exercising outside 

when air pollution levels are rated as high; this is especially 
important for young children with asthma (11–15).

 9.  Wash your hands. Many diseases such as the common cold, 
flu, and diarrheal diseases are passed passively by people 
touching bacteria- or virus-laden objects, and then introduc-
ing those pathogens into their own system, or contaminating 
venues affecting many people, such as a food buffet. Hand 
washing after using the bathroom or changing an infant’s 
diaper is common knowledge, but reminding your patients 
can be helpful. Alcohol-based hand sanitizers and plain soap 
and water will kill the majority of these pathogens.

10.  Be careful with the use of pesticides around and in your 
home. Extreme caution should be used when applying in-
sect repellents to children. They should never be applied 
over open wounds, or directly to the face or hands. Use the 
smallest amount possible, and never under clothing.

11.  Use sun block. Apply according to instructions and repeat the 
application if remaining outdoors for an extended period of 
time or after getting wet. Even waterproof sunscreens need 
to be reapplied after prolonged time in the water. Use age-
appropriate sun block.

12.  Eat a healthy balanced diet with plenty of fresh fruits and 
vegetables. If a patient is eating a strict vegan diet, supple-
ments may be needed to get all the basic nutrients required, 
especially for young children. Vegetable protein can be less 
bioavailable than animal protein sources. The average adult 
should be getting approximately 0.9 g of protein per day per 
kilogram of weight, and the protein sources used should be 
able to provide all of the essential amino acids needed.

13.  Use caution when visiting the beach. It can pose serious 
health threats to the young, old, and those with a compro-
mised immune system from contaminated water. Patients 
should always pay attention to signs for beach closures due 
to pollution and bacterial contamination (16).

14.  Grow plants. Plants have been shown to help reduce toxins 
in the environment, and they make and release oxygen into 
the air.
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SUMMARY

Every individual on this planet is impacted by their environment. 
Sometimes that impact moves us toward health, and sometimes 
toward illness. A complete patient history, taking into account 
the potential environmental impact, along with a thorough physi-
cal exam will give you the information you need to come up with 
a functional differential diagnosis. Every patient encounter is an 
opportunity to counsel patients on how to improve their quality of 
life. Always include “Patient Education” on environmental issues; 
it will go a long way toward helping your patients have the happy 
healthy life they deserve.
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Osteopathic Medicine within the 
Spectrum of Allopathic Medicine and 
Alternative Therapies
JOHN M. MCPARTLAND

INTRODUCTION

Treating the person as a whole includes the whole of the patient’s 
“health care team.” Interacting with other providers becomes 
imperative when the osteopathic physician serves as the primary 
care physician (PCP). Since the majority of osteopathic physi-
cians serve as PCPs, this chapter comes from the PCP perspec-
tive. The patient’s interdisciplinary health team includes physicians 
(osteopathic and allopathic) and allied health professionals such 
as nurses, dentists, podiatrists, physical therapists, occupational 
therapists, psychologists, social workers, counselors, and registered 
home health aides. Patients frequently employ complementary and 
alternative medicine (CAM) practitioners, such as chiropractors, 
naturopaths, acupuncturists, homeopaths, midwives, and massage 
therapists. Lastly, patients may self-prescribe Over The Counter 
(OTC) drugs, dietary supplements, and medicinal herb prepara-
tions. The physician must obtain a history of the patient’s CAM 
practitioners and self-prescribed CAM modalities, and docu-
ment that history. Patients frequently fail to disclose CAM use, 
so the physician should make specifi c queries regarding CAM. 
The patient’s attitudes toward other practitioners can be gauged 
by verbal and nonverbal clues (e.g., tone of voice, body posture, eye 
contact). Ask the patient or a family member to bring in all phar-
maceuticals and nutraceuticals for review.

Osteopathic physicians are uniquely poised to integrate osteo-
pathic principles and practices (OPP) with the care provided by 
allopathic physicians and CAM practitioners, creating a system 
of integrative medicine. This chapter describes the interactions 
between osteopathic physicians, allopathic practitioners, and CAM 
health care providers, delivered within a historical context. For a 
book-length description of these interactions, see Gevitz (2004).

Allopathic Medicine

Allopaths were initially forbidden to associate with osteopaths or 
accept patient referrals from osteopaths. Finally in 1961, the AMA 
Judicial Council deemed it ethical for MDs to work with DOs. 
After the AMA quit attacking osteopathy, it tried co-opting the 
profession by assimilation. This danger loomed in the California 
merger debacle during the 1960s. Another act of integration by 
the AMA—the sanctioning of mixed-staff hospitals—contributed 

to the decline of osteopathic hospitals. Of the 127 osteopathic 
hospitals accredited by the American Osteopathic Association 
(AOA) in 1974, only 59 remained in 1999 (Gevitz, 2004). A new 
assimilation threat began in 1968 when the AMA opened its resi-
dency programs to DOs. Thus, association and assimilation have 
posed a double-edged sword. Will the integration of OPP with 
allopathic medicine endanger our unique osteopathic identity? 
Dr. Still was wary of integration, “Medicine and osteopathy as 
therapeutic agencies have nothing in common either theoretically 
or practically, and only an inconsistent physician will attempt to 
practice both” (Still, 1903).

Nevertheless, within Dr. Still’s lifetime, osteopathic physicians 
began integrating OPP with allopathic approaches. Arguably, some 
allopathic approaches may inform and reinforce OPP. Certainly, 
the integration of reductionist allopathic research methods by 
J. Stedman Denslow, D.O., led to breakthroughs in understanding 
the “osteopathic lesion” or somatic dysfunction. These advances, 
in turn, sped innovations in osteopathic manipulative treatment 
(OMT), such as the development of muscle energy technique 
(MET), functional and counterstrain techniques, and even (at least 
in part) osteopathy in the cranial fi eld. The allopathically derived 
philosophy of “evidence-based medicine” has been embraced by 
many osteopathic physicians (see Chapter 32).

In contrast, J. Martin Littlejohn exported Dr. Still’s staunch 
antiallopathic paradigm to England. He established the British 
School of Osteopathy (BSO) in 1915. One may speculate that 
“carrying the torch of osteopathy” by spurning allopathic-fl avored 
advancements hampered osteopathic evolution in England. Indeed, 
when this author introduced MET into the curriculum at the New 
Zealand osteopathic school in 2001, former BSO faculty in New 
Zealand were unfamiliar with many MET concepts. The former 
BSO personnel taught articulatory techniques and were inexpe-
rienced in counterstrain, myofascial release, and many cranial 
concepts.

As American DOs have integrated allopathic approaches, 
some American allopaths have adopted OPP approaches. Holis-
tic medicine has become an allopathic specialty! The American 
Board of Holistic Medicine was established in 1996 and currently 
seeks affi liation with the American Board of Medical Specialties. 
Allopathic physicians have long employed manipulative treatment 
as a procedure. In 1955, an AMA committee that investigated 

K E Y  C O N C E P T S
■ The primary care physician (PCP) works with an interdisciplinary health team that includes allied health 

professionals (e.g., nurses, dentists, physical therapists, etc.) as well as practitioners of complementary and 
alternative medicine (CAM), such as acupuncturists, naturopaths, and massage therapists.

■ Osteopathic physicians are uniquely poised to integrate osteopathic principles and practices with the care 
provided by allopathic physicians and CAM practitioners, creating a system of integrative medicine.

■ Sources of reliable information regarding the risks and benefits (safety and efficacy) of CAM therapies are available. 
The physician should develop guidelines for choosing local CAM practitioners and formulate a referral strategy.
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REFERRAL PATTERNS

Interactions between providers, in the form of referrals and 
consultations, necessitate effective communication. Residency 
pro grams provide training in the physician-to-physician referral 
process. Web-accessible primers are available (e.g., Harris, 1998). 
The consultation letter from an osteopathic specialist to an allo-
pathic PCP calls for particular attention; referring physicians may 
be hypersensitive to perceived arrogance by a consultant (Greene 
et al., 2006). OMT specialists have a special opportunity to provide 
evidence-based education in their consultation letters. Consulta-
tion letters can be improved by including problem lists, patient-
centered assessments, prognostic statements, contingency plans, 
and the clear enunciation of consultants’ reasoning behind further 
tests and changes to current management (Scott et al., 2004). Use 
of structured letter templates may facilitate the consistent inclusion 
of key information to referring physicians.

Increasing use of CAM makes it crucial that the physician 
formulate a referral strategy both clinically sound and ethically 
appropriate. The physician’s fi rst step is with the patient, fostering 
open communication and a nonthreatening environment, enabling 
the patient to enlist the physician as an ally. Choosing a CAM 
modality requires a balance between the patient’s preferences 
and evidence to the contrary. A framework for choosing a CAM 
modality was developed by Adams et al. (2002). The major relevant 
issues included the severity and acuteness of illness; the curability 
of the illness by conventional forms of treatment; the associated 
side effects of the conventional treatment; the evidence of effi cacy 
and safety of the desired CAM treatment; the level of understand-
ing of risks and benefi ts of the CAM treatment combined with the 
patient’s knowing and voluntary acceptance of those risks; and the 
patient’s persistence of intention to use CAM therapies.

Once a specifi c CAM modality has been chosen, the next step 
is fi nding the right practitioner. Considerations include patient 
recommendations, advice from colleagues, and verifi cation of the 
CAM practitioner’s licensure. In the absence of licensure require-
ments, the PCP should open a dialog with the practitioner and ask 
about duration of training, CAM certifi cation, and membership 
in professional societies (Frenkel and Borkan, 2003). Collaborat-
ing with CAM practitioners in a professional manner will be in the 
patient’s best interests. The PCP who refers a patient to a CAM 
practitioner is responsible for ensuring the practitioner’s competency 
and safety. With time, the PCP will develop a list of trusted CAM 
practitioners in the community. The PCP should monitor the results 
of the referral and schedule periodic reviews with the patient. Addi-
tional guidelines for choosing CAM practitioners are available (see 
the NCCAM and Rosenthal Center Web sites cited below). Fully 
integrated clinics and hospitals need to establish policies govern-
ing CAM practitioners’ credentialing and hiring, scope of practice, 
informed consent, and malpractice liability (Cohen et al., 2005).

The fi nal consideration is cost. CAM therapies are rarely reim-
bursed by third-party payors. Few CAM modalities are included in 
the Resource-Based Relative Value Scale (RBRVS), which Medicare 
and Health Maintenance Organization (HMOs) use to determine 
provider reimbursement schedules. And listing in the RBRVS does 
not guarantee reimbursement; OMT gained inclusion in 1998, 
but OMT specialists still struggle with some private insurers and 
managed care entities. Most third-party payors accept claims from 
chiropractors. The FDA stopped classifying acupuncture needles 
as “experimental devices,” thus facilitating reimbursement. Home-
opathy and herbal medicine consultations may be reimbursed if the 
practitioner is licensed as a physician or holding another license 
allowing the prescription of drugs.

osteopathic education had reported, “The use of manipulative therapy 
is decreasing in colleges of osteopathy and is increasing in the ortho-
pedic and physiatry departments of medical schools” (Cline, 1955). 
Ironically, many osteopathic physicians use OMT-style techniques 
developed by allopaths, such as Travell and Simons’ approaches to 
myofascial triggerpoints (Kuchera and McPartland, 2002). Principles 
of Manual Medicine, 3rd ed., by Philip Greenman, a well-regarded 
osteopathic text, highlights proprioceptive rehabilitation developed 
by Vladimir Janda, M.D. (to whom that book is dedicated).

COMPLEMENTARY AND ALTERNATIVE 
MEDICINE

Widespread American use of CAM promoted federal funding of 
the Offi ce of Alternative Medicine (OAM) in 1991, which soon 
enlarged into the National Center for CAM (NCCAM). NCCAM 
defi nes CAM as a group of diverse medical and health care sys-
tems, practices, and products that are not presently considered to 
be part of conventional medicine. The list of what is considered to 
be CAM changes continually, as therapies that are proven to be 
safe and effective become adopted into conventional health care 
and as new approaches to health care emerge (NCCAM, 2007). 
Many CAM practices employ manipulative and body-based 
techniques (McPartland and Miller, 1999).

Is osteopathic medicine alternative? This debate has raged in 
the Journal of the American Medical Association (JAMA) and the 
Journal of the American Osteopathic Association (JAOA) (McPartland, 
1999a,b). After the AMA dropped osteopathy from its list of 
medical cults in 1961, DOs lost their “alternative” identity in many 
people’s minds. One of the fi rst comprehensive reference works 
on alternative medicine did not mention osteopathic medicine in 
its otherwise encyclopedic coverage of CAM modalities (Bauman 
et al., 1978). To show how osteopathic medicine straddles the 
divide between allopathic medicine and CAM, the NCCAM clas-
sifi es osteopathic physicians as “conventional medical providers,” 
while it designates OMT as a CAM technique (NCCAM, 2007).

The AOA initially distanced itself from the OAM and 
NCCAM. In 1995, the First International Congress on Alter-
native and Complementary Medicine featured an “osteopathy 
workshop” led by an allopathic physician, Peter Bower, M.D. The 
AOA changed its position in 2001, and the Bureau of Osteopathic 
Clinical Education and Research facilitated research collabora-
tions with NCCAM. NCCAM has awarded multiple grants to the 
Osteopathic Research Center.

RELATIONS WITH CHIROPRACTORS

The AMA waged a fi erce war against chiropractic, the largest 
CAM profession. The chiropractic profession eventually coun-
tered with a federal antitrust suit, which the AMA lost in 1990 
and paid damages. Early osteopaths distrusted chiropractors, call-
ing them plagiarists. The AOA teamed with the AMA to defeat 
the initial chiropractic-licensing bills (Norman, 1912). The DOs 
softened their stance, however, and by the 1980s DOs were grant-
ing hospital privileges to chiropractors at Doctors Hospital in 
Detroit and the Seattle Osteopathic Hospital (Wardwell, 1992). 
Research collaborations between osteopathic colleges and chiro-
practic schools began in 1993 (McPartland et al., 1997). In 2005, 
the AOA offi cially recognized that chiropractors, naturopaths, 
acupuncturists, homeopaths, and numerous other nonphysician 
clinicians have unique and valid roles in health care (AOA, 2007). 
The very existence of this chapter you are reading attests to the 
acceptance of CAM by AOA leadership.
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government-funded dominance. Yet at the same time, allopathic 
practitioners are losing the confi dence of the American public. 
Another world, CAM, generates little gravitational force within 
the “medical-industrial complex,” but a rising number of Ameri-
cans trust and support CAM practitioners. Osteopathic physicians 
are uniquely prepared to integrate allopathic medicine and CAM 
within our unique OPP art and science.
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EVALUATING CAM USE

Your patient may have already seen a CAM practitioner, or taken 
herbal compounds, or ask for advice regarding information gleaned 
from the Internet. Providing advice regarding CAM practitioners 
follows the steps described above and further behooves the osteo-
pathic physician to become acquainted with CAM practitioners in 
the area. Recommending source material regarding herbal medi-
cines and other CAM modalities can be more problematic. Books 
become outdated and Web sites are ephemeral. Some of the best-
known references written by CAM “authorities” are frighteningly 
biased (McPartland, 1998).

Herbal remedies and dietary supplements may be the most 
important CAM modalities to understand, because they act phar-
macologically and may interact with conventional medications. In 
contrast, homeopathic remedies employ an “energetic” activating 
force, rather than a pharmacologic one, and will not crossreact with 
medications (albeit indirectly, if they ill-advisedly replace allopathic 
medications). Attitudes toward herbal remedies are often polarized 
into two extremes: some people believe that herbs are simultane-
ously dangerous and clinically ineffective (in other words, all side 
effect and no benefi t). Other people naïvely believe that herbs are 
always curative and incapable of causing harm (all benefi t and no 
side effects). Of course, neither extreme is true. Perhaps the best 
evidence-based text for busy physicians is The 5-Minute Herb & 
Dietary Supplement Consult (Fugh-Berman, 2003).

Although Web sites can be ephemeral things, reliable online 
sources of information regarding CAM modalities include:

■ NCCAM (http://nccam.nih.gov/),
■ Cochrane Collaboration (www.cochranelibrary.com/clibhome/

clib.htm),
■ Bandolier (www.medicine.ox.ac.uk/bandolier/),
■ Clinical Evidence (www.clinicalevidence.com/ceweb/conditions/

index.jsp),
■ TRIP Database (www.tripdatabase.com/),
■ Rosenthal Center (www.rosenthal.hs.columbia.edu/),
■ PubMed (www.ncbi.nlm.nih.gov/sites/entrez).

Several of these sources are proprietary and require subscription fees, 
so access may be an issue. PubMed may be insuffi cient as a stand-
alone search engine for retrieval of CAM information; McPartland 
and Pruitt (2000) showed that PubMed yielded only a third of 
published clinical trials regarding saw palmetto that were located 
in an expanded literature search. Nevertheless, using PubMed as a 
search engine may be preferable to general search engine portals 
(e.g., Google), which typically access low-level pages that are not 
peer reviewed. The Internet is saturated with both good and bad 
health information, and studies have shown that consumers are not 
good judges of quality (Greenberg et al., 2004). Judging the accu-
racy of CAM information is uniquely challenging because CAM 
is generally not supported by biomedical literature. Some Internet 
sites clearly state they have instituted peer review processes, and 
these sites are preferable.

SUMMARY

In Medical Economics, a physician with both MD and DC degrees 
proclaimed, “The most valuable degree is one I don’t have: the 
DO… They have it all: pharmacology, surgery, and manipulation” 
(Gilley, 1989). Osteopathic medicine has grown in recognition and 
prestige, especially within the past 30 years. Osteopathic practitio-
ners now fi nd themselves where several worlds collide. One world, 
allopathic medicine, holds sway with its pharmaceutical- and 
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Clinical Decision Making
ROBERT A. CAIN

INTRODUCTION

Let us begin with a few questions that we will attempt to answer 
as this chapter progresses. Is clinical decision making the same as 
making a diagnosis? If not, then what is clinical decision making? 
How is clinical decision making today different from the past? 
How do the daily activities of a physician impact clinical decision 
making?

Probably no aspect of a practicing physician’s day is more 
important than decision making, yet it is perhaps least studied by 
members of the profession. Although an increasingly important 
part of medical practice, few physicians have any type of formal 
training in the decision-making process (1). Despite this, reality is 
that our daily choices as physicians drive outcomes related to qual-
ity, safety, and cost.

TEACHING DECISION MAKING

It can be diffi cult to teach decision making in a way that makes 
for an interesting classroom experience. This should not come as a 
surprise given the topic is not “the stuff ” that makes medicine or 
surgery interesting. For most trainees, a practical approach emerges 
during residency, as few individuals have an interest in regularly 
applying rigorous methods to or mastering the conceptual theories 
behind clinical decision making.

There is little evidence to support that practicing physicians 
read about or take courses on decision making. In fact, few con-
tinuing medical education courses teach critical thinking skills. 
Experience alone appears to account for the improvement in 
decision making by individual physicians that occurs over time. 
A three-question survey was recently conducted of thirty career 
emergency medicine physicians who work in a setting where deci-
sion-making complexity and level of uncertainty are potentially the 
highest in medicine (1). The survey asked about the last time they 
read a journal article or book explicitly on decision making, if they 
read the Journal of Medical Decision Making, and how important 
they thought decision making was in their practice. The results are 
found in Box 25.1.

Clinical decision making is the effective use of information to 
implement an effective plan of care. Quite simply, it is the “critical 
thinking” or processing of information that comes after a stimulus 
(the patient presentation) and before a response (the testing and/or 

25
K E Y  C O N C E P T S

■ The former “art” of practicing medicine has given way to the more modern “clinical decision making.”
■ This transition represents a comprehensive process of evaluation, testing, resource utilization, and demonstration 

of treatment effectiveness.
■ The extensive evaluation and treatment options of today were not available to our predecessors.
■ The physician impact on the health care system requires knowledge of and attention to the reimbursement 

process.
■ Physicians are increasingly asked to demonstrate improvement and outcomes in practice and within the health 

care system.

treatment). This is shown in Figure 25.1, along with what is likely 
the most common question asked by a physician, “What is hap-
pening with this patient?” The information gained from the time-
honored completion of a proper history and physical examination 
is combined with what is learned from other forms of testing and 
evaluation to guide the development of a fi nal plan of care based 
upon available forms of treatment. Indeed, clinical decision mak-
ing encompasses the “art” of making a diagnosis and beyond that it 
considers the effective use of resources and implementation of the 
right treatment.

Consider for a moment the expansion of medical and surgi-
cal capabilities over the last century. Sir William Osler has been 
quoted as saying that a patient’s history alone can solve many prob-
lems encountered in medicine, and this was likely true at the time. 
In the late nineteenth century, the “art” of making a diagnosis was 
essentially limited to information elicited from a patient’s history 
and fi ndings gathered during a physical examination. Few reliable 
tests existed and effective therapies were virtually nonexistent for 
most conditions.

The practice of medicine has changed dramatically since the 
days of Dr. Osler, and concerns exist about inadequacies in the 
training process that has changed far less during the same time 
period (2). Today, there are at least 26 major specialties in medicine 
and surgery with a vast number of sub-specialty areas recognized 
or under development. As a result, methods developed to teach 
clinical decision making must to some degree be applicable across 
specialties, requiring us to identify elements common to each.

The potential exists for every physician encountering a patient 
to have a different perspective on how best to approach clini-
cal decision making. Consider for a moment the story of the six 
blind men and the elephant (Fig. 25.2). There are many versions 
of this tale, but the essence is that a group of blind men are asked 
to describe an elephant using only their sense of touch. Although 
each man describes well the specifi c part of the animal he touches, 
the fi nal picture when the descriptions are combined looks little if 
anything like an elephant. This old story suggests that reality may 
be viewed differently depending upon one’s perspective.

How often is this true when practicing medicine? It is easy to 
become focused upon a problem from only one perspective, yours. 
Such focus limits your ability to solve problems. Perhaps this fact 
alone supports osteopathic belief regarding the need for a more 
holistic approach to health care.

Chila_Chap25.indd   338Chila_Chap25.indd   338 8/5/2010   4:53:54 PM8/5/2010   4:53:54 PM



 25 • CLINICAL DECISION MAKING 339

general be seen by the treating physician from his or her perspective 
dependent upon training and experience.

In order to be effective, physicians must be aware of how differ-
ent forms of decision making impact their specifi c type of practice, 
the types of errors commonly seen with each form, and the methods 
to improve their decision-making skills. It is however not enough 
to teach physicians what to do as part of some methodical process; 
we must also teach them what not to do and what to avoid.

The medical education process is undergoing its fi rst major 
change in almost 100 years (2). Work-hour limitations have 
recently been placed upon trainees in the United States and abroad. 
It remains unclear how such changes will impact the resident train-
ing process and clinical decision making in the future. The time 
spent in the operating room has been reduced as a result of the 
80-hour work week rule, replaced in many cases by other nonclini-
cal activities (3). The requirements for internal medicine training 
have changed as well, refl ecting decreased inpatient continuity 
from the limited work hours. Residency training program changes 
include increased time for ambulatory training, enhanced didactics, 
and developing skills lab experiences. A decrease in the amount 
of time spent providing actual patient care may require that we 
develop new ways to teach decision making. Traditionally, we have 
relied upon immersion learning within a time-served apprentice-
ship as the primary method for resident development (3). This is 
being replaced in almost all teaching facilities by a more formal, 
structured, competency-based training program.

The work hour limitation refl ects a perceived need to protect 
the public from error as a result of faulty decision making. Qual-
ity indicators do exist for some specialties to suggest that work-
loads exist above which error is more likely to occur. Specifi cally, 
such a threshold has been identifi ed in the specialty of radiology 
with regard to the number of abdominal CT cases interpreted by 
a physician per day (4). Because of these types of examples, Pat 
Croskerry, M.D., Ph.D., an expert in the fi eld of decision making, 
has suggested that the successful decision maker may become the 
well-rested physician working in an optimized workplace, who is 
not driven by a pressure to perform, is aware of the most common 
forms of error and bias, and is able to blend intuition and analysis 
to the task at hand.

OSTEOPATHIC THOUGHT

What is osteopathic thought and how does it impact clinical deci-
sion making?

One of the early concepts taught to osteopathic medical stu-
dents is the need to avoid focusing on the obvious problem before 
you as a clinician, and to instead focus on what is often not so 

There appear to be three critical questions involved with the 
clinical decision-making process that impact all physicians regard-
less of their specialty. What is the nature of the problem—acute 
or chronic? What is the severity of the problem? What informa-
tion is or is not necessary to appropriately diagnose and treat the 
problem?

Attempts have been made to loosely describe levels of decision 
making in medicine (Table 25.1). Such attempts are based upon 
the complexity of the presenting problem with consideration to the 
required knowledge and involved skills. Consider for a moment 
the emergency physician faced with decision making that typically 
occurs in an acute setting. He or she will likely have limited infor-
mation and signifi cant time constraints when making a diagnosis. 
This is a direct contrast to the offi ce-based rheumatologist who 
will most likely make decisions about subacute or chronic pro-
cesses. Such a physician will usually have more extensive informa-
tion at hand and the potential luxury of multiple visits to arrive at 
a diagnosis and treatment plan. The severity of the problem may 
be equal for both patients, but the path taken to problem solve will 
be quite different. A physician whose practice tends to deal with 
patients described by levels fi ve and six may prefer or be required to 
use a different method of decision making than one whose patients 
tend to be described by level two or three.

This suggests that a single method of clinical decision mak-
ing does not exist. The situation and degree of uncertainty will 
drive the approach taken by the physician (1). The problem will in 

Results of Physician Survey Regarding 
Decision Making
• Question 1—when was the last time you read a journal 

article or book explicitly on decision making?
– within the last 6 months: 0%
– within the last year: 0%
– within the last 5 years: 20%
– not since residency training: 80%

• Question 2—do you read the journal Medical Decision 
Making?
– yes 3%
– no 97%

• Question 3—how important is decision making to your 
practice?
– not very important 0%
– moderately important 0%
– very important 100%

What is happening
with this patient?

Stimulus
(Patient Presentation)

Response
(Testing and/or Treatment)

Critical Thinking

Figure 25-1 Clinical decision making, based upon Stephen 
R. Covey’s The 7 Habits of Highly Effective People, 1989.
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something that might otherwise have been missed. There are 
however a variety of threats to the patient–physician relationship 
in this current health care environment, including managed care, 
litigation, decreasing resources, and loss of privacy (5). All of these 
(and undoubtedly more) have the potential to shift our perspec-
tive away from the goal of making good clinical decisions designed 
to assist our patients with maintenance of their own health. Our 
decisions and behaviors often send a hidden message that we are 
treating a disease, offsetting the effects of illness or overcoming 
bad behaviors, when indeed we should be providing the tools nec-
essary to achieve and maintain an optimum state of health. As an 
example, consider what a patient imagines an inhaler containing a 
medication to treat COPD to do when prescribed. Do they believe 
the inhaler provides them a way to offset the effects of smoking 
and that the medication is in fact a cure for their problem? In such 
a case, our message must be clear that the medication is only a 
bandage covering up the problem by limiting symptoms. The real 
intervention is the lifestyle change leading to smoking cessation.

Three distinct components are often used to identify the 
domains within which an osteopathic physician operates. These 
domains are mind, body, and spirit. Their intersection likely repre-
sents what is termed osteopathic thought (Fig 25.3).

It has been suggested that an osteopathic physician should 
build upon the proposed new tenets of osteopathic medicine when 
developing an effective plan of care. Simultaneously while doing 
so, he/she should incorporate evidence-based medicine (EBM), 
optimize the patient’s natural healing capacity, address the primary 
cause of disease and emphasize health maintenance and disease 
prevention (5).

It is tempting in the need to be effi cient with our time to focus 
only upon the needs of the body, but research clearly shows that a 
failure to address underlying mental illness, such as depression, in a 
patient with chronic disease results in a less-than-optimal outcome 
(6,7). Such patients are often less compliant and present with var-
ied and less common symptoms, complicating the decision-making 
process. Although it may be argued by some that treating within 
the domain of the mind is not their responsibility, it is just as eas-
ily argued that professional behavior dictates proper referral and 
follow-up on subsequent visits as critical to achieving best out-
comes. Consultation with another physician for management of 
mental illness may indeed help to control the primary disease, 
although arguments can be made about division of care among 
specialists being less optimal than primary care by one physician.

obvious. This might be stated as, “don’t treat the symptom, fi nd and 
treat the cause.”

Our founder Andrew Taylor Still expressed this in another way 
when he said, “The object of the physician is to fi nd health, anyone 
can fi nd disease.” A conscious choice to make clinical decisions in 
a manner that promotes and maintains health requires a different 
thought process than one focused upon treating symptoms and the 
effect of disease.

It is critical we remember this perspective when develop-
ing the patient–physician relationship. The complaint bringing 
a patient to us may be far different from an unspoken problem 
actually troubling them. The need to investigate further (and actu-
ally doing so) provides us with an opportunity to identify and treat 

Figure 25-2 The parable of the Six Blind Men and the Elephant.

T A B L E  2 5 . 1

Levels of Decision Making in Medicine

Level

1 self-evident problem with clear-cut 
treatment

2 self-evident problem with limited 
thought about treatment

3 simple problem, requires linear thought 
with essentially clear-cut decision making

4 narrow differential diagnosis to 
presenting problem requiring limited 
medical knowledge and use of testing

5 broad differential diagnosis to 
presenting problem requiring moderate 
medical knowledge and more extensive 
use of testing

6 very broad differential diagnosis to 
presenting problem requiring complex 
medical knowledge and extensive use of 
testing

7 life-threatening problem + any of the 
above levels

Source: Adapted from Rosen P, et al. Emergency Medical Concepts 
and Clinical Practice. St. Louis, MO: Mosby Year-book, Inc., 
1998.

MIND

BODY

SPIRIT

“Osteopathic Thought”

Figure 25-3 Identifying the origin of osteopathic thought.
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encounter. The three most important senses are sound, sight, and 
touch. The fi rst two are critical to the rapid analysis often required 
of physicians in determining whether a given patient is “sick or not 
sick” (9). Such an analysis will often guide what kind of a search 
must follow to elicit additional information and arrive at a treat-
ment plan.

Consider for a moment how hearing can be a critical part of 
the patient encounter and decision-making process. Is their voice 
weak? Do they speak rapidly? Does their speech pattern suggest 
an inability to form cohesive thoughts? From such information we 
begin to formulate our fi rst thoughts about what is wrong with the 
patient. The habitual use of empathic listening skills is likely to 
affect our thinking process as well and as a result provide a better 
understanding of the patient before us.

Sight is important to identify any number of patient charac-
teristics. Does the patient appear to be in pain? Do they appear 
anxious? How are they dressed? What is their breathing pattern? 
Do they engage your gaze or do they look away? Visual sense is a 
basic part of the physical exam. It contributes to our documenta-
tion about the general appearance of the patient and our subse-
quent decisions.

Although sound and sight can provide us with a signifi cant 
amount of information about a patient, touch provides a unique 
opportunity to expand our perspective on diagnosis and to develop 
the patient–physician relationship. Like our ears and eyes, our 
hands are readily available to help provide information about a 
patient. Palpation as a skill is learned early in medical school and 
is employed in a variety of ways including joint evaluation, point 
of maximal cardiac impulse, and establishing the presence or the 
absence of organ enlargement. These are common components 
of the basic physical examination, but we cannot as osteopathic 
physicians forget the role of the structural evaluation, perhaps 
identifying an otherwise unrecognized viscero-somatic refl ex. In 
an effort to save time, the structural exam is often limited or even 
worse overlooked, an act that may limit our ability to fully integrate 
osteopathic thought into patient care.

The development of clinical decision-making skills is a con-
tinuously evolving process with at least three defi ned stages—
the medical student, the resident, and the experienced clinician 
(Fig. 25.4).

The student focuses heavily upon what has been termed the 
hypotheticodeductive method. A very structured pattern is learned 
and applied to obtaining the history, completing the physical exam-
ination, ordering tests, and arriving at a decision (10). Each step 
guides the next. Early in residency this same pattern is used, but as 
experience is gained another form of decision making emerges par-
allel with the hypotheticodeductive method. It is known as pattern 
recognition or template matching. This form of thinking seems to 
represent simultaneous information gathering and decision mak-
ing. It is as if the physician chooses a likely diagnosis based upon 
expanded use of the senses already described. With the exception 
of complex cases, pattern recognition often becomes the dominant 
form of decision making for the experienced physician.

With regard to the domain of the human spirit, failure to identify 
the underlying beliefs of a patient may mean a lost opportunity 
to recognize the critical support systems they are missing or may 
make it diffi cult to understand their decisions about testing, pro-
cedures or treatment. The end result is that our ability to make 
effective clinical decisions can be compromised without adequate 
information.

At least one small study has suggested that communication dif-
ferences exist between osteopathic and allopathic physicians (8). It 
is possible these communication differences represent one effect 
of osteopathic thought. The major differences identifi ed in the 
Journal of the American Osteopathic Association study were associated 
with psychosocial aspects of patient care. Addressing these critical 
areas during a patient encounter may help to provide a more com-
plete “picture” as we begin the process of clinical decision making. 
In fact, the simple act of asking questions or addressing issues of a 
psychosocial nature may result in an opportunity to provide more 
complete and comprehensive health care through the development 
of a stronger patient-physician relationship. Proper research may 
demonstrate that “osteopathic thought” results in more effective 
resource utilization for our health care system and improved out-
comes for our patients.

The osteopathic approach to patient care is a more complete 
one if we maintain an ongoing awareness of this mind-body-spirit 
connection. The primary difference appears to be the amount and 
type of information gained by thinking within the osteopathic par-
adigm. Simply put, osteopathic thought creates a different perspec-
tive from which our critical thinking takes place.

DEVELOPMENT OF CLINICAL 
DECISION MAKING

Use your fi ve senses…learn to see, learn to hear, learn to feel, learn to 
smell and know that by practice alone you can become expert.

—Sir William Osler

For those who argue the practice of medicine can be reduced to 
branching algorithms, making it pure science to be practiced by 
an individual using a handheld computer, others note that clini-
cal decision making is an art, blending and balancing science with 
physician senses.

It is virtually impossible to write about or teach a single method 
of decision making and expect that it can be applied by every physi-
cian and in all types of clinical encounters. Each of the recognized 
processes has some kind of limitation dependent upon the clinical 
situation. It is more likely that at any given time a physician may 
need to call upon one or more of these different processes to deal 
with an individual patient. However, all too often as a result of 
constraints placed upon us by a busy practice, shortcuts in decision 
making become a signifi cant part of physician behavior.

A balancing of physician senses is an important part of the 
clinical decision-making process. These senses are developed over 
time and represent tools that are always with us during a patient 

Undeveloped
Easy to change/

Unformed process

Developing
Changing/Forming

Process

Developed
Difficult to change/
Formed process

“Hard-wired”

Medical Student
Years 1-3

Medical Student
Year4
Intern

Resident

Advanced Resident
Fellow

Attending

Figure 25-4 Development of the decision-making 
process.
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the tendency to judge the likelihood of an event by the ease with 
which relevant examples come to mind (10,13). By way of example, 
a physician might rapidly decide without adequate information 
that a patient with cough and fever has infl uenza, determining this 
because he has seen four other similar cases throughout the day. 
This is an example of a heuristic. Heuristics, what otherwise might 
be thought of as rules of thumb, intuitions, abbreviations, simple 
judgments and short cuts, are often part of dynamic decision 
making and represent a form of pattern recognition or template 
matching (1).

There is growing recommendation to involve the patient in 
his or her own treatment plan by including them more actively in 
the decision-making process. This is thought to be important to 
optimize outcomes and has come to be known as patient-centered 
care. It requires that we undertake an effort to understand what the 
patient wants or desires in addition to helping them understand 
what we are proposing. A patient may view very differently their 
participation with the decision-making process from that desired 
by physicians; thus, their involvement should be delineated as the 
patient–physician relationship is established (14).

There is one other important aspect of communication skills to 
be considered as it may affect the decision-making process. Physi-
cians must often interact with each other in order to gain addi-
tional information that is needed to make a diagnosis and develop 
a plan of care. This requires an ability to listen and question in a 
manner that promotes cooperative patient care. When considering 
collaborative decision making among physicians, there are two fac-
tors that can infl uence the process. These are prediscussion knowl-
edge of the patient and problem and an awareness of each other’s 
knowledge and talents (15).

ERROR AND CLINICAL DECISION MAKING

Despite public perception from legal advertising, errors in diagnosis 
(misdiagnosis) actually happen in only a minority of cases. Based 
upon autopsy data, this has been estimated at 15% by A.S. Elstein 
(10,16). Keep in mind that misdiagnosis is something different 
from medical mistakes, which are primarily errors of action (10). 
The majority of errors in diagnosis are due to fl aws in physician 
thinking.

Signifi cant performance variability has been demonstrated 
among physicians as a whole and within a given specialty. At least 
one study of radiologists conducted by E. James Potchen, M.D., at 
Michigan State University demonstrated a variability in agreement 
of 20% between physicians interpreting a series of sixty chest x-rays 
(10,17). A 5% to 10% variability was noted when the same radiolo-
gist was compared using his or her own interpretation on two sepa-
rate occasions. The potential “miss rate” was substantially higher 
depending upon whether the radiologist was asked to “rule-in” or 
“rule-out” a diagnosis. It might be assumed that the variability rep-
resents a difference in the decision-making process associated with 
a request to fi nd versus to exclude an abnormality. This once again 
reminds us that perspective affects decision making.

The medical profession has been less than responsive to the 
concept of admitting error (18). Unfortunately, the ability to do 
so is critical to successful process improvement. Dealing pro-
actively with error may help us to understand and avoid certain 
pitfalls associated with time-honored practices used to establish a 
diagnosis.

Heuristics have been previously defi ned. The use of heuristics 
developed as a necessity in medicine and was the approach used 
by our predecessors when no evidence existed for treatment (1). 
Clinical problem solving at the time was dependent upon expertise 

Effective decision making requires us to be fl exible and avoid 
becoming locked into pattern recognition alone. An over-reliance 
upon pattern recognition may result in misdiagnosis. It is associated 
with certain types of errors the clinician should be aware of when 
making decisions. Unfortunately, the time constraints of practice 
often force pattern recognition to become dominant. Oddly, this 
happens at the same time it is demanded we use resource wisely 
and make choices to limit risk of litigation from malpractice. 
The “well-calibrated” physician therefore needs to balance their 
thinking process with task uncertainty (1). Ultimately, the chosen 
approach must optimize quality and safety for the patient.

It is also important to note that there may be additional meth-
ods of decision making across the various medical specialties. Sur-
gical decision making may be somewhat different as a result of the 
environment within which a surgeon functions. A skilled (devel-
oped) surgeon must have situation awareness and be able to rapidly 
choose appropriate courses of action (3).

It is unlikely that an experienced physician will make a sig-
nifi cant shift in his or her decision-making process without some 
force motivating the behavior change. This directly refl ects that a 
“hard-wiring” of behavior takes place over time and reduces the 
likelihood that meaningful change will occur. The practicing phy-
sician is also faced with other constraints that limit the possibility 
of change, time being among the most obvious. An understanding 
of how experienced physicians think combined with the appropri-
ate use of incentives and application of cognitive forcing strategies 
might help with the development of continuing medical education 
designed to improve their decision-making process (11). Such an 
effort is completely different than that required to promote the 
development of good decision-making skills among medical stu-
dents, who are yet to become “hard-wired.”

COMMUNICATION SKILLS

Clinical decision-making and physician communication skills are 
closely linked. In fact, good decision making is aided by a strong 
doctor–patient relationship. The astute clinician readily recog-
nizes   that each visit is a new opportunity to question, listen and 
observe (10).

Attention to the interpersonal component of human com-
munication extends our interaction during a patient encounter 
to include an understanding of the involved emotions. Such an 
approach directly refl ects what has previously been described as 
“osteopathic thought” and its attendant association with the psy-
chosocial aspects of patient care. It is necessary that awareness exists 
of both the emotions of the patient and the physician. A patient 
detecting a disinterested physician is likely to limit the information 
provided or may alter their responses in order to answer what they 
perceive the physician wants to hear (10).

The development and utilization of empathic listening is criti-
cal, as a good history still remains the backbone of the decision-
making process. Tests should never be substituted for this basic 
component of patient care hoping that the results will provide the 
answer. Such an approach is potentially harmful to the patient and 
wasteful to the health care system (10).

Listening must follow a proper line of questioning. Open-
ended questions are far more likely to result in patient-centered 
answers and are less likely to be leading (10). Permitting the patient 
an adequate amount of time to tell their story is critical. Some 
sources have demonstrated that on average physicians stop listen-
ing to a patient within eighteen seconds after they have started to 
speak (12). Limiting the patient as a primary resource for infor-
mation can easily result in error from misuse of “availability” or 
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It is quite possible that certain CDRs are already hard-wired 
in the development phase of decision making (1). If so, cognitive 
forcing strategies might be developed to heighten the awareness of 
medical students and physicians, potentially teaching ways to avoid 
predictable problems. Simulation and rehearsal are evolving activi-
ties at all levels of medical education that may help us with this 
process. Simulation and rehearsal programming typically includes 
a debriefi ng session that is used to review and learn from perfor-
mance. The “debrief ” session is critical to promote behavior change 
and accelerate learning. During such sessions, it is possible to focus 
upon observed CDRs.

HYPOTHETICODEDUCTIVE REASONING

This form of reasoning might be looked upon as a “paper” form of 
problem solving. Because this method can be time consuming, it is 
most useful in the classroom for training purposes, but under the 
right conditions, it also has its place in clinical practice (9).

The most likely situation for this method of decision making 
to be employed is a nonurgent consultation where a complex diag-
nosis presents itself. Unfortunately, the health care environment 
we exist in today discourages long visits with patients (both due to 
patient volume and fi nancial constraints) and limits practical use 
of this approach in daily clinical practice. Decision making involv-
ing the development of hypotheses is best employed when there 
is more time or less risk involved allowing for the development of 
several responses or options (1).

Hypotheticodeductive reasoning represents linear thinking dur-
ing which a diagnosis is established as part of a progressive exercise 
in logic. When compared to pattern recognition, this form of clini-
cal decision making begins by asking the question, “What might 
this be” instead of making the statement, “I know what this is.”

This method is commonly employed by trainees where a high 
degree of uncertainty exists about a diagnosis. The linear thought 
process allows the trainee to investigate the case and break it into 
manageable pieces. It is also employed by experienced consultants 
when the complexity of a case is high. This is especially true if the 
consultant desires to avoid diagnosis momentum (22). Diagnosis 
momentum is the tendency to assume that the diagnosis made by 
previous physicians is correct and then building upon their deci-
sions, potentially propagating established errors.

This form of reasoning integrates Bayes’ theorem within the 
context of the clinical decision-making process. It requires that we 
have a sense of probability as to the diagnosis under consideration 
and as to the proper interpretation of test results. Each diagnosis 
has its own initial probability based on its prevalence. Understand-
ing the concept of prevalence is crucial, because common diseases 
automatically have a greater initial likelihood than uncommon 
diseases (23). At least some understanding of sensitivity/specifi city 
and positive and negative predictive values is required in order that 
test be used appropriately. Such simple biostatistics help to guide 
steps in the decision-making process by collecting information in a 
purposeful and logical sequence.

By using Bayes’ theorem, hypotheticodeductive reasoning takes 
relevant information and estimates the probabilities for a wide 
range of diagnoses (23). It does this repetitively and sequentially 
as new information is added, eventually leading to the develop-
ment of what is commonly termed the “differential diagnosis.” 
The process often begins even before the patient is seen, driven by 
available history, documented chart information, and support staff 
comments (23).

Consider the following example. A 60-year-old male presents 
with blue lips and fi ngers. A series of questions begins to arrive at 

and the needs of the patient. It is only since the advent of rigorous 
scientifi c research, especially the development of randomized con-
trolled trials (RCTs), that evidence supporting decision making has 
emerged. Unfortunately, many variables exist that impact our abil-
ity to make good decisions despite the presence of strong evidence 
supporting any given treatment plan (1).

The term “cognitive disposition to respond” (CDR) has been 
proposed as an alternative to words with negative connotations 
such as error, bias, sanction, and fallacy (1). A CDR represents those 
actions or behaviors likely to have an impact upon the decision-
making process, and over 30 types have been identifi ed (1). Exam-
ples of these are found in Box 25.2, demonstrating the somewhat 
whimsical names that have in some cases been applied. Expla-
nations of these are available in work by Croskerry (1) or in the 
AHRQ  glossary (19).

Many of these CDRs are derived from three metaheuristics: 
representativeness, availability, and anchoring (1). Availability has 
been previously defi ned. Representativeness occurs when physi-
cian thinking is overly infl uenced by what is typically true, fail-
ing to consider possibilities that contradict their mental template 
of a disease and attributing symptoms to the wrong cause (19). 
Anchoring occurs when physicians allow fi rst impressions to exert 
excessive infl uence upon the diagnostic process. Although we are 
taught in training to “trust our fi rst impressions,” the bias occurs if 
we continue to maintain a diagnosis as accurate even when there is 
evidence to the contrary (19).

The duration of medical practice, gender of the physician, and 
the type of specialty under consideration may all be associated 
with certain types of CDR and differences in approach to decision 
making. Knowledge-based, skill-based, and rule-based errors occur 
with greater or lesser frequency at different points in a physician’s 
career (1). It has already been stated that emotions can affect our 
decisions, but what about known personality types? The various 
medical specialties are associated with personality differences (1). 
Surgeons have been shown to make decisions about undertaking 
surgery even when information to the contrary is provided to them 
(1,20). Certain CDRs have been shown to occur more frequently 
among women than men suggesting that gender contributes to the 
decision-making process as well (1,21).

CDRs That May Influence Clinical 
Decision Making
• Aggregate bias • Omission bias
• Gambler’s fallacy • Triage cueing
• Premature closure • Commission bias
• Anchoring • Order effects
• Gender bias • Unpacking principle
• Psych-out error • Confi rmation bias
• Anticipated regret • Outcome bias
• Hindsight bias • Vertical line failure
• Representativeness • Diagnosis momentum
 restraint • Overconfi dence bias
• Ascertainment bias • Visceral bias
• Ignoring negative • Ego bias
 evidence • Playing the odds
• Search satisfying • Ying-Yang out
• Availability •  Fundamental attribution
• Multiple alternatives bias  error
• Sutton’s slip • Posterior probability error
• Base-rate neglect • Zebra retreat
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Until recently, these algorithms were added to the practicing 
physicians approach to patient care as a means to improve out-
comes for a variety of inpatient and outpatient conditions.

Now some medical schools have chosen to incorporate a cur-
riculum that focuses upon the use of algorithms to develop in-depth 
clinical decision-making skills in medical students. The most com-
mon presenting signs and symptoms are used as a starting point for 
patient evaluation.

At least one osteopathic medical school has elected to teach 
from a curriculum based upon the 120 most common presenting 
signs and symptoms (26). This clinical presentation model, origi-
nally developed in Canada, is now being used by ATSU’s School 
of Osteopathic Medicine in Arizona (27). Each clinical presenta-
tion is associated with an algorithm developed to assist the learner 
toward a diagnosis. Such an approach does create a methodical 
thought process if followed without shortcuts.

Algorithms use decision trees, typically branching pathways 
of yes/no and present/absent, to guide the physician through the 
evaluation process. “Real-time” and “paper” decision making are 
combined when using algorithms, and it is quite easy to develop 
computer assistance for this type of process. Both forward and 
backward reasoning may be included, concurrently recognizing 
patterns and developing hypotheses.

This type of decision making is commonly promoted by third-
party payers believing that it improves outcomes and reduces waste 
by decreasing over-utilization.

EVIDENCE-BASED MEDICINE IN CLINICAL 
DECISION-MAKING

Weigh evidence and [do] not go beyond it.
—Sir William Osler

The development and promotion of EBM principles has intro-
duced yet another approach to clinical decision making. Unfor-
tunately, many physicians in practice appear to misunderstand the 
potential power of this form of problem solving as they have been 
exposed to a somewhat skewed version of EBM often promoted by 
third-party payers. EBM is more than just the identifi cation and 
use of best evidence. EBM in fact provides a framework for iden-
tifying best practices by fi nding and using best evidence, consider-
ing clinical experience and circumstance, and incorporating patient 
interests when undertaking decision making (28).

Perhaps for the physician, these elements of EBM can be 
thought of as the legs of a stool (Fig. 25.5). The role of the clinician 
is to balance these legs in a manner that promotes a best practice. 
Clinical expertise represents individual experience and recall of col-
lective outcomes. Distant events tend to be less remembered while 
recent events tend to be more remembered, and bad events are 
more likely to be remembered versus routine good outcomes. Few 

a diagnosis and develop a treatment plan. The response to each 
question or result of each test guides the next step. The physician 
might begin by trying to determine if the fi nding represents a life-
threatening condition. He may ask the patient if he is short of 
breath, suspecting that a breathing disorder is causing cyanosis to 
be present. This might be followed by a question to determine if he 
smokes. A negative response may change the line of questioning, 
asking next if he has chest pain. While this historical informa-
tion is obtained, pulse oximetry is found to be normal, prompt-
ing the physician to ask how the patient long his lips and fi ngers 
have been blue. When the patient responds, “Only since preparing 
the blueberry pie I just gave to your staff,” the line of questioning 
changes and the importance of good staff communication becomes 
obvious.

TEMPLATE MATCHING

Template matching represents a “real-time” process with regard 
to physician decision making. It is most useful at the bedside and 
especially in urgent situations. It is often visual in nature, although 
historical information contributes to the decision as well (10). 
Essentially, the physician is asking, “What does the picture pre-
sented by this patient best fi t?”

Template or pattern matching is nonlinear reasoning in that 
“thinking” about the diagnosis begins from the start of the patient 
encounter (10). The physician is likely to exclaim an almost imme-
diate, “I know what this is” (even if not spoken) instead of under-
taking a deeper inquiry to ask, “What might this be?” As such, this 
is a form of forward reasoning or arriving at a decision even before 
all information has been gathered (9).

This process relies heavily upon use of shortcuts or what has 
been previously described as “heuristics.” It is acquired rather than 
taught, meaning that some degree of clinical expertise must be 
present to incorporate intuition as part of the process (23). The 
result frames a patient within a certain clinical context. This “pre-
establishing” of a diagnosis may lead to certain kinds of errors and 
less than desirable outcomes in more complex cases.

As an example, think again about the 60-year-old male pre-
senting with blue lips and fi ngers. If the evaluating physician reacts 
using minimal critical thinking, suspecting profound hypoxemia as 
a cause of the cyanosis, a completely different pathway might be 
followed. The patient might immediately be placed on oxygen and 
testing undertaken before all the necessary information is accu-
mulated, in this case learning that the effect is the result of having 
made a fresh blueberry pie. The “preestablishing” of a diagnosis 
delays identifying the real cause of the patient’s presentation, adds 
cost to the system, and places the patient at risk from unnecessary 
testing.

Pattern recognition as a form of decision making may lead to 
a higher rate of error. Such errors can be primary or secondary in 
nature (22). A primary framing error results from a physician’s own 
fl awed decision making from excessive use of shortcuts. A second-
ary framing error results from a physician accepting and carrying 
forward an existing diagnosis based upon the decision making of 
a colleague.

ALGORITHMS

Algorithms have been suggested by quality improvement experts as 
a means to overcome weaknesses in the health care system as a result 
of studies suggesting that educational efforts alone do not change 
physician practice behavior (24,25). The algorithms serve as a form 
of reminder, helping to guide the clinical decision-making process. 

Clinical Expertise Clinical Circumstance

Patient InterestBest Evidence

Best Practice

Figure 25-5 Best practice as represented by a level stool with four 
equal legs.
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is 6.0 gm/dL. Best evidence supports the use of blood products 
to increase oxygen carrying capacity, and clinical experience tells 
us that use of blood products in this case will likely be of benefi t. 
When you request permission to administer packed red blood cells, 
the patient informs you he is a Jehovah Witness and unwilling to 
accept blood products as part of his treatment. Based upon his reli-
gious beliefs it is unlikely you will convince him otherwise; thus, 
in this clinical situation an alternative decision will be required. 
This results in a return to “point A” of the process. It will require 
the development of a new clinical question and a new search for 
best evidence to support another approach to treatment. Since this 
new treatment may be unfamiliar to you (meaning that you have 
little clinical experience), patient interest becomes critical in the 
decision-making process as a result of the specifi c clinical situation.

Patient safety and quality outcomes are driving forces behind 
the practice of EBM.

IMPACT OF TECHNOLOGY AND 
RESOURCE UTILIZATION

Perhaps no area of medicine has been impacted more by technol-
ogy and the third-party payer system than the physician-patient 
relationship. The strength and nature of this relationship greatly 
impacts our approach to clinical decision making, yet it is being 
challenged on several fronts.

Resource utilization is a new concept faced by practitioners 
when making decisions about patient care. It requires that we 
attune ourselves to the value of information gained from a given 
procedure and treatment while considering the demands placed 
upon the overall health care system. The greater the intensity of the 
problem and the longer its duration the greater are the demands 
upon the health care system.

The most basic approach to patient care and clinical decision 
making begins with a simple timeline. This timeline has only two 
points—the beginning of the problem (disease development) and 
the end of the problem (disease resolution). The duration of the 
problem (length of the timeline) and other critical points between 
the beginning and the end (such as onset of symptoms) is unique 
for each patient and disease process. However, this simple linear 
model of patient care no longer exists, requiring an expansion of 
our thinking process in order to be highly successful as a practitio-
ner today. In the current health care environment, clinical decision 

physicians can objectively ask and assess themselves with regard to 
the question—how am I performing? (2). This is likely because our 
selective memory skews the impact of clinical expertise.

Best evidence represents primarily the physician’s fund of 
medical knowledge. This means that best evidence tends to be lim-
ited by our individual cognitive abilities and by the always and fast 
changing world of medical research. While patient interests may 
seem easiest to understand, we must be aware that strong commu-
nication skills are required to obtain information, then adequately 
educate and inform them about choices and options.

Clinical context or situation is unique for every case and can 
alter our decision-making process. Best practice can also be defi ned 
by the intersection of the four major aspects of EBM (Fig. 25.6). 
No one aspect alone is capable of defi ning a best practice.

Evidence as derived from a variety of research sources rep-
resents probability (29). Higher levels of evidence as based upon 
predetermined grading systems can be considered to have greater 
validity in the decision-making process. Those with the high-
est levels should in fact stimulate a physician to change practice 
habits when identifi ed. In general, best evidence utilizes specifi c 
information about populations and generalizes it to the individual 
patient.

Evidence stands in direct contrast to the inference or logic 
that must be applied when considering clinical context in the 
decision-making process (29). This is especially true in the practice 
of surgery, where an individual case may require unexpected and 
immediate consideration of best practices, expertise and patient 
interest if an intraoperative emergency arises. Rigorous data from 
RCTs or other forms of research are often unavailable in such cir-
cumstances (29). There is no good method associated with teach-
ing this process. It requires the application of general knowledge to 
a specifi c situation.

Clinical experience calls upon the progressive development of 
a personal reference source for measuring when and how to apply 
specifi c evidence, while patient interest may ultimately determine 
whether or not our decision-making process is applicable to a given 
situation.

Consider the following example with regard to these four ele-
ments of the EBM decision-making process:

An 88-year-old male presents with acute blood loss from a 
lower GI bleed. The patient has a history of coronary artery dis-
ease and complains of anginal chest discomfort. His hemoglobin 

Clinical Expertise Patient Interest

Interference
(Clinical Situation or Context)

Best Practice

Best Evidence Figure 25-6 Identifying the components of best practice 
for optimal decision making.
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Although CDSS may help to limit the adverse impact of our 
decisions upon the health care system, they should not be a replace-
ment for physician judgment and should not override the primary 
importance of our role to assist patients to fi nd a state of optimum 
health.

One other aspect of technology to impact our decision-making 
process is the sheer volume of information available to us today as 
a result of the internet and electronic publishing methods. Keep 
in mind that more information is not always better information. 
A signifi cant amount of material published is of little use to the 
average practitioner and a large portion of it is not what we would 
call “evidence-based,” thus raising questions about its usefulness in 
daily practice.

It is important that we learn to access information from highly 
valid sources, hopefully fi ltering relevant from irrelevant in the 
process. Point-of-care resources are under development that will 
eventually make possible the almost immediate access to useful fi l-
tered information that can impact the decision-making process in 
a real-time manner.

CLINICAL REASONING FOR 
OSTEOPATHIC PHYSICIANS

Clinical reasoning for osteopathic physicians (CROPs) is a modern 
and unique approach to decision making. It was created using vari-
ous aspects of existing approaches to problem solving with the goal 
of assisting physicians with decision making in the current health 
care environment.

CROP requires that certain good habits become “hard-wired” 
into physician behaviors for life. These behaviors represent the 
AOA domains of competency and are based upon the model of 
patient care promoted by the new tenets of osteopathic medicine. 
It is here that “osteopathic thought” can be used to create a unique 
approach to decision making for osteopathic physicians, thus set-
ting them apart from their allopathic counterparts.

What is different about CROP? It accepts that there is no 
one right way to make clinical decisions, yet provides in itself a 
structured framework for decision making. Its basis is found in the 
work of Stephen R. Covey, Ph.D. In his highly acclaimed work, 
The Seven Habits of Highly Effective People, Dr. Covey published 
what has become an internationally recognized approach to effect-
ing change on a personal level (30). This change focuses upon the 
development of good habits or what we might think of as “hard-
wired” behaviors. It is highly applicable to the practice of medi-
cine, and for our purposes may be thought of as suggestions to 
help develop the habits of highly effective physicians. What are the 
involved steps to “hard-wire” behaviors?

Dr. Covey describes the “maturity continuum” as the central 
process in his approach (30). This maturity continuum, when con-
sidered and practiced regularly, is the framework for “hard-wiring” 
the desired behaviors. The maturity continuum is made up of seven 
elements, all of which are applicable to the decision-making pro-
cess of clinical reasoning. For the purpose of developing effective 
practice habits the sequence has been altered slightly from the 
original publication. These seven elements are:

1. Seek fi rst to understand then to be understood
2. Be proactive
3. Begin with the end in mind
4. Put fi rst things fi rst
5. Think “win-win”
6. Synergize
7. Sharpen the saw

making is impacted by at least three major elements of resource 
utilization and these are:

1. Overall outcome for the patient
2. Timing of intervention or treatment
3. Effects upon the health care system

Each of these elements represents a different axis of the decision-
making process, potentially creating a three-dimensional frame-
work in which a physician must learn to operate (Fig. 25.7). As 
described by this framework, there are only two optimum pathways 
to follow in clinical decision making. These are:

■ Doing something that results in a good outcome and a positive 
system effect

■ Not doing something that results in a good outcome and a posi-
tive system effect

This three-dimensional thinking is radically different from the 
decision-making process of physicians trained prior to the advent 
of managed care and pay for performance. Although we cannot lose 
sight of the dictum, “fi rst do no harm,” there are clearly other fac-
tors that become important when making decisions about patient 
care in today’s health care environment.

We have progressed from linear thought to this complex 
arrangement in a relatively short period of time. Initially, our pri-
mary interest as physicians relied upon clinical expertise and patient 
interest. To these have been added best evidence and system inter-
ests as well. Although decision making resulting in a good outcome 
for the patient should still be our primary goal, it is quite possible 
to be censured for failing to recognize our impact upon the system. 
In fact, this awareness of our impact upon the “system” is the basis 
of the systems-based practice competency domain described by the 
ACGME and AOA as something to be mastered by a resident 
prior to graduation. Hopefully, this demand will better prepare 
future graduates to function effectively in practice.

Clinical decision support systems (CDSSs) are interactive 
computer programs designed to assist physicians with decision-
making tasks. The concept is not new, going back to the 1950s 
before the right technology existed. Based upon a defi nition pro-
posed by Dr. Robert Hayward of the Centre for Health Evidence, 
CDSSs link health observations with health knowledge to infl u-
ence health choices by clinicians for improved care. Such systems 
can assist with decisions about when we should or should not do 
something over the course of patient evaluation and care.

When NOT to
do something

When to do
something

Bad outcome

Good outcome

Negative system effect

Positive system effect

Figure 25-7 Resource utilization elements impacting decision 
making.
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The concept of synergy helps us to understand the strengths of 
the evolving health care team that provides care for patients. It is 
quite important that physicians (especially the primary physician) 
maintain a central role as members of this team. All team members 
should understand that a “project” requires a manager (the physi-
cian) to be successful. The idea of patient care viewed as a “project” 
while initially foreign is actually quite accurate. Project manage-
ment is defi ned by cost, time, features, and quality. Indeed, effec-
tive clinical decision making requires an awareness of these same 
components. The function of the physician on the team is critical 
to balancing a desired outcome (quality and features) with effective 
use of resources (cost and time). This element is based upon a mas-
tery of the competency domain of systems-based practice.

“Sharpen the saw” is the last element of the maturity contin-
uum. It represents the need for us to maintain our own health if 
we are to provide proper care to our patients. We are all aware 
that rapid changes are taking place in the health care environment. 
For example, the demand upon radiologists has been particularly 
disturbing as the number of images they view per day rises dra-
matically, possibly creating a less-than-safe working environment 
in some facilities (31,32). As previously noted, Croskerry has sug-
gested that the successful decision maker of the future may be one 
who has an optimized workplace, is well rested, and is not driven 
by pressure to perform. This element is based upon a mastery of the 
competency domain of professionalism.

Each of the elements of the maturity continuum represents 
strong professional behaviors that if practiced habitually can aug-
ment the decision-making process. The elements are summarized 
in Table 25.2. They provide a “hard-wired” template to follow 
whether dealing with the easiest or the most diffi cult of cases. The 
fi rst four elements represent our independent growth as physicians. 
The remaining three elements recognize that we as physicians are 
a small part of a greater whole, promoting the concept of interde-
pendence in order to improve patient care. In this manner of think-
ing, effective patient care as a competency domain results from the 
mastery and application of all the other domains.

The practice of these habits is critical to the next component of 
CROP. Physicians must be aware of certain “root activities” where 
repetitive clinical decision making is prominent. In order to be 
effective, a physician must also “hard-wire” his or her approach to 
each of these “root activities” including:

■ Admitting a patient
■ Caring for a patient
■ Discharging a patient
■ Dealing with unexpected outcomes
■ Communicating with patients, families, and colleagues
■ Accessing and using information

Applying a “hard-wired” template to each of these “root activi-
ties”  provides the greatest opportunity for a successful clinical prac-
tice, including a positive impact upon patient safety and quality 
outcomes.

Once these behaviors and templates are in place, certain pri-
mary elements of medical knowledge are required to support good 
decision making within the context of the CROP concept. These 
elements should drive our learning process both in medical school 
and subsequently as practicing physicians. The capable physician 
should possess a knowledge base that includes the elements listed 
in Box 25.3.

A strong understanding of disease behavior, especially chronic 
disease, is essential. This means an awareness of what happens from 
the point of disease development to the fi nal outcome. The natural 
history of chronic disease has been previously described and assists 

“Seek fi rst to understand then to be understood” occupies the 
position of central importance in CROP as it is felt to represent 
the need to develop a strong patient–physician relationship. As 
previously expressed, this relationship is considered to be critical 
to the decision-making process. This is the point where empathic 
listening and speaking become important, as well as the need to 
be aware of the emotions involved during the patient encounter 
(the physician’s and the patient’s). This is the foundation for all 
of the elements that follow. The component of EBM refl ecting 
patient interest is identifi ed while developing this element dur-
ing fi rst and subsequent encounters. It is based upon a mastery of 
the competency domains of professionalism and communication/
interpersonal skills.

To “be proactive” represents the critical need to maintain and 
apply current medical knowledge. It requires not only that physi-
cians maintain a commitment to lifelong learning and incorporate 
evolving technology or treatments into their practices, but also that 
they not lose focus upon the osteopathic principles we believe are 
important to maintaining health. To “be proactive” infers that we 
make decisions in a methodical manner and work to avoid reactive 
practices that waste resources and potentially result in less-than-
optimal outcomes for our patients. This requires an awareness of 
best evidence within the context of practicing EBM. It is based 
upon a mastery of the competency domains of medical knowledge 
and practice-based learning.

“Begin with the end in mind” represents the needs to under-
stand and communicate the anticipated outcomes and endpoints of 
any planned treatment. As physicians, we should always understand 
the desired effect of selected treatments. One way of doing this is 
to become comfortable with the basic statistical concepts of num-
ber needed to treat/harm and positive/negative predictive values. 
Understanding these values and incorporating them into our clini-
cal decision-making process expands the communication possibili-
ties with our patients. This element is based upon a mastery of the 
competency domains of medical knowledge and communication/
interpersonal skills.

To “Put fi rst things fi rst” represents the need to develop a lin-
ear or sequential plan of care. No plan can foresee every need of 
the individual patient, but population-based studies describe for us 
the behavior of most acute and chronic problems. Understanding 
that these often follow a similar path can help us to determine the 
points at which testing and treatment are best undertaken. This 
requires the development of clinical expertise within the context 
of practicing EBM. This element is based upon a mastery of the 
competency domains of medical knowledge and practice-based 
learning.

Think “win-win” represents a consideration of the impact our 
decisions have upon the patient, the practice, and the health care 
system as a whole. Although it is important to remember that the 
needs of our patient at the moment must always come fi rst, today 
it is also important to consider how our decisions affect the patient 
and the system over time. Such consideration to the rationale use of 
health care services may help to prevent rationing in the future and 
in fact may provide physicians with the means to maintain greater 
autonomy over decision making. This “win-win” paradigm should 
be considered across the spectrum of decision making from the 
most basic (whether or not to use an antibiotic) to the most com-
plex (whether or not to start dialysis in a dying patient) choices. 
This element is based upon a mastery of the competency domain 
of systems-based practice.

“Synergize” represents the need to view decision making within 
the context of a team, calling effectively upon other physicians and 
professionals who contribute to positive outcomes for patients. 
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As osteopathic physicians, our approach to patient care should also 
include proper attention to psychosocial issues that impact illness 
and decision making. Maintaining an awareness of the mind-body-
spirit connection defi nes a central core for the successful practice of 
osteopathic medicine.

The fi nal critical component of CROP is the development of 
the differential diagnosis. The list of possible diagnoses for any 
patient may be very limited or it may be very extensive. If we are 

us with this process (Fig. 25.8). Understand that the divisions listed 
are artifi cial, but they do provide a generalization of the expected 
changes over time (23). Appropriate questions must be asked dur-
ing the clinical decision-making process to recognize where the 
patient is at any given time with regard to the various stages. Such 
“thinking” is easily done within the context of timelines and with 
consideration to several questions:

■ How is this disease or problem expected to behave?
■ How is treatment expected to work?
■ How much improvement do I expect?
■ What variations have I seen previously?
■ How do outcomes compare to expectations?

T A B L E  2 5 . 2

Association of the Covey “Habits,” Desirable Decision-Making Behaviors, and 
the Seven AOA Competency Domains

Covey Habit to be “Hard-wired” Desirable Impact on Decision-Making Behavior

Associated AOA Competency Domain
Seek first to understand, then to be 
understood

Creates strong physician–patient and physician–physician relationships based 
upon “osteopathic thought”
Communication and interpersonal skills, professionalism, patient care

Be proactive Encourages use of current best practices and incorporation of recommended 
treatment guidelines
Medical knowledge, practice-based learning and improvement, 
professionalism, patient care

Begin with the end in mind Undertakes testing or treatment with clear goals and defines expected 
outcomes for patients
Medical knowledge, communication and interpersonal skills, practice-based 
learning and improvement, patient care

Put first things first Develops and sequentially carries out well-defined treatment plans
Medical knowledge, practice-based learning and improvement, patient care

Think win-win Understands and becomes a part of the health care system by solving 
problems for patients, physicians, and the community
Systems-based practice

Synergize Draws upon the strength of fellow physicians and diverse support staff to 
create a safe environment providing quality patient care
Systems-based practice

Sharpen the saw Recognizes the need to take care of “self” and others by being well rested, 
optimizing the workplace, and avoiding excessive pressure to perform
Professionalism

Elements of a Capable Physician’s 
Knowledge Base
• Recognizing signs and symptoms or at-risk populations
• Utilizing available screening or diagnostics
• Understanding the course of illness/complaint or natural 

history of disease
• Adapting therapeutic guidelines
• Undertaking the right procedure or treatment at the 

right time
• Identifying desired outcomes and endpoints
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Figure 25-8 Natural history of chronic disease. (Adapted from 
Rosen P, et al. Emergency Medicine Concepts and Clinical Practice. 
St. Louis, MO: MosbyYearBook, Inc., 1998.)
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Figure 25-9 Natural history of chronic disease. (Adapted from 
Rosen P, et al. Emergency Medicine Concepts and Clinical Practice. 
St. Louis, MO: MosbyYearBook, Inc., 1998.)

Differential Diagnosis Descriptors
• Rule out Dx—this is the most important diagnostic 

possibility and represents the greatest potential risk to the 
patient

• Probable Dx—this is the most likely alternative to the 
primary diagnosis under consideration

• Possible DX—this is a closely related alternative, but even 
less likely based upon presenting information

• Consider Dx—this is a possible mimic of the apparent 
diagnosis and represents variable risk dependent upon many 
factors; the ability to recognize that it is not the likely diag-
nosis expands our thought process and our understanding of 
the patient we are evaluating

not careful, this important step in the “thinking” process can over-
utilize pattern recognition, resulting in a limited list of possible 
diagnoses.

Certain descriptors (Box 25.4) are useful for trainees during 
the previously described “development phase” of clinical decision 
making to assist with the construction of a differential diagnosis. 
These same descriptors can also be used to expand the practicing 
physician’s list of possible diagnoses after clinical decision-making 
practices have been “hard-wired.” As such, they can be applied as a 
cognitive forcing strategy to drive change in the “developed” clini-
cian when performance is less than optimal.

It has been said that the physician of the future will not be suc-
cessful because of what he or she knows, but rather he or she will be 
successful because of how they access and use information (33). As 
we have previously commented, the use of CDSSs and algorithms 
can successfully replace certain tasks that have traditionally been 
under the control of the physician. Our place as decision makers 
will rely upon an ability to problem solve using methods that can-
not be replaced by a microprocessor.

CROP is a means to accomplish this role in a successful fashion 
because of the way it expands our view of decision making. CROP 
permits us to merge advanced forms of evaluation and technology 
into a basic process that has little cost, is easy to learn, and has been 
shown under other conditions (business, leadership, and education) 
to be reproducible in a variety of settings (30). The “hard-wired” 
behaviors are with us at all times, unlike CDSSs that are expensive 
and may not always be available.

In summary, CROP consists of fi ve very specifi c components 
that if considered regularly provide a strong basis for effective deci-
sion making beyond the simple desire to reach a diagnosis. These 
fi ve steps include:

1. The physician should develop a “hard-wired” template for 
thinking comprehensively about decision making (the effective 
physician habits)

2. The physician should develop a “hard-wired” template to 
approach the repetitive activities of practice (the “root activities”)

3. The physician should develop the primary elements of medi-
cal knowledge to better understand disease states, using this as 
a foundation to be built upon through lifelong learning (the 
“capability concept”)

4. The physician should develop a strong understanding of 
expected disease behavior (awareness of the natural history of 
disease)

5. The physician should utilize cognitive forcing strategies to 
expand the differential diagnosis for a problem under evalua-
tion (the use of differential diagnosis descriptors)

Perhaps if we are able to utilize this approach habitually in our 
decision-making process we will one day fi nd that our health care 
system becomes less reactive to medical problems and instead 
approaches evaluation and treatment in a proactive manner. Such 
an approach is consistent with both primary care and osteopathic 
principles. Several studies have shown differences in resource 
utilization and patient outcomes in areas of the country where 
such practices are emphasized (34). This suggests that the goals 
of high-quality patient care and optimal resource utilization are 
not incompatible. Reactive care is in general costly and offered 
under crisis situations that well-planned decision making carried 
out in a longitudinal and methodical fashion might help to avoid 
(Fig. 25.9).

DOCUMENTATION

One fi nal topic remains to be discussed that is closely related to 
clinical decision making. It directly impacts our ability to be reim-
bursed as physicians and is critical to the practice of medicine in the 
present health care system. The topic is medical decision-making 
as defi ned by the third-party payer, specifi cally the Centers for 
Medicare and Medicaid Services (CMS) under guidelines pro-
duced during the 1990s.

The process of clinical decision-making that we have outlined 
in this chapter requires translation from our minds to paper in 
order to create a billable situation for our practices and a perma-
nent record of our actions. The “thought” associated with clinical 
decision making can be extensive and the associated documenta-
tion can easily become overwhelming. It is therefore important to 
have at least some understanding of the current documentation 
guidelines as they pertain to medical decision making. This short 
section is not meant to substitute for extensive works on this topic, 
but rather to provide a summary of how documentation should be 
undertaken to express the “thinking” process physicians utilize dur-
ing a patient encounter.

To begin, it is important to point out that many authorities 
consider documentation of medical decision making to be the 
true test for determining the evaluation and management (E/M) 
level associated with a specifi c patient encounter. The content of 
an H&P can be easily upcoded, especially since the development 
of electronic medical record systems. Complexity of the medical 
decision-making process and the nature of the presenting medi-
cal problem therefore become the most heavily weighted factors 
determining the E/M service (35). It is important then that we 
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documentation (9). Although the system as a whole has failed to 
be adopted for a variety of reasons, one component, the SOAP 
note (an acronym standing for subjective, objective, assessment, 
and plan) provides a meaningful way to record the patient encoun-
ter. Following detailed documentation of the history and physical 
using accepted CMS guidelines, the documentation of assessment 
(including a differential diagnosis) and plan easily provides what 
is needed to meet the requirements of the third-party payers. The 
assessment should outline the diagnostic possibilities, while the 
plan should refl ect data review (completed or to be accomplished) 
and risk (based upon the documented testing or treatment). While 
some physicians choose to separate their assessment and plan oth-
ers choose to document their plan immediately following each ele-
ment of the assessment.

Conversion of our thoughts into written words is critical not 
only to the reimbursement process but also for successful com-
munication between health care professionals. The record of our 
decision-making process when clear and understandable assists 
staff and other consultants, enhances transfer of care, reduces inef-
fi ciencies in the system, and may help to prevent error.

SUMMARY

We began this chapter by asking a few questions about clinical 
decision making and then attempting to provide answers to those 
questions within the various sections. Modern clinical decision 
making expands greatly upon what has previously been called the 
“art of making a diagnosis.” It is a comprehensive process refl ecting 
not only evaluation and testing, but also resource utilization and 
treatment effectiveness. One primary difference in clinical decision 
making today is the extensive evaluation and treatment options 
that were not available to our predecessors. Of particular note, 
clinical decision making now requires that we pay attention to the 
reimbursement process (pay-for-performance) and the impact we 
have upon the health care system.

Physicians are progressively being asked to show how they 
are undertaking methods to improve their practice behavior and 
outcomes (practice-based learning) and how to perform optimally 
within the health care system (systems-based practice). These two 
domains of competency directly impact clinical decision making. 
The development of Good Medical Practice-USA by the National 
Alliance for Physician Competence has caused the Federation of 
State Medical Boards to suggest reform of the physician licensure/
relicensure process (37). Such changes will hopefully encourage 
continuing medical education by physicians to better understand 
how the decision-making process impacts them, their patients, and 
the health care system as a whole.

In conclusion, probably no other part of a physician’s day is 
more important than the process of clinical decision making. A 
reasonable attempt by physicians to understand the most com-
mon methods of decision making and the errors associated with 
each can have an impact upon misdiagnosis (safety) and outcomes 
(quality).
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Professionalism
KARI HORTOS AND SUZANNE GUIMOND WILSON

INTRODUCTION

Osteopathic physicians have valued professionalism since the days 
of A.T. Still. Some authors have suggested that medical profession-
alism is the cornerstone of the societal contract between the physi-
cians and the public (Whitcomb, 2007). As a group, physicians 
are granted a status, ability to self-regulate, and to be autonomous 
in exchange for an expectation that they will use their knowledge 
and skills to benefi t individuals and society. Although there is con-
sensus about the importance of professionalism, descriptions of it 
vary widely. Each author or organization tends to have a slightly 
different notion of how professionalism should be defi ned and the 
characteristics that comprise it.

To add to the complexity, expectations for professional behav-
ior tend to evolve over the professional life cycle of an osteopathic 
physician, and recent research is providing greater insight into how 
subtle differences in demonstrations of professionalism impact 
patient relationships and outcomes. Additional challenges to pro-
fessionalism have arisen in the digital age as internet applications, 
electronic mail, and social networking Web sites have become 
increasingly popular among physicians (Farnan et al., 2008). For 
all of these reasons, this is an opportune time to take a systematic 
look at professionalism as it relates to osteopathic physicians.

Professionalism and Osteopathic Philosophy

Although many of the foundations for osteopathic medicine 
defi ned by Still were mechanical in nature, he also taught that 
each person should be treated as a unique individual, not as a dis-
ease entity (Seffi nger et al., 2003). A pioneer of holistic health, he 
developed the four key principles of osteopathic philosophy, one 
of which being that the person is a unity of body, mind, and spirit. 
The importance for the osteopathic physician to be mindful of the 
uniqueness of individual patient needs and the need to maintain a 
humble attitude when approaching the application of medicine is 
summarized in Still’s basic premise: “It is the patient who gets well, 
and not the practitioner or the treatment that makes them well” 
(Seffi nger et al., 2003).

The Osteopathic Oath (modifi ed from the Hippocratic Oath 
in 1938), shown in Box 26.1, also places the health and needs of 
the patient as the central focus of care; as well as the importance of 
maintaining the general welfare of the community.

In 2002, the Journal of the American Osteopathic Association 
published a set of principles for patient care to accompany the pro-
posed tenets of osteopathic medicine. These tenets and principles 
were developed by a multidisciplinary ad hoc committee under the 
leadership of Felix Rogers, D.O. (Rogers et al., 2002).

The principles of patient care are:

1. The patient is the focus for health care.
2. The patient has the primary responsibility for his or her health.
3. An effective treatment program for patient care is founded on 

the tenets of osteopathic medicine and
■ incorporates evidence-based guidelines,
■ optimizes the patient’s natural healing capacity,
■ addresses the primary cause of disease, and
■ emphasizes health maintenance and disease prevention.

These recently defi ned principles of patient care further enhance 
the osteopathic physician’s understanding of how to demonstrate 
the professional attributes of knowledge, skill, altruism, and duty.

Professionalism in the Preclinical Years

At time of matriculation, most osteopathic medical students are 
typically given some type of document that outlines student rights 
and responsibilities and communicated expectations about pro-
fessionalism. For example, at Michigan State University, COM 
students are “expected to demonstrate academic professionalism 
and honesty, and to maintain the highest standards of integrity 
according to a code of honor that embodies a spirit of mutual trust 
and intellectual honesty” (Michigan State University College of 
Osteopathic Medicine website, n.d.). Though such guidance is an 
important beginning, it must be recognized as being unique to the 
values and culture of the organization that authored them. These 
early forms of guidance also tend to make a medical student’s ini-
tial glimpse at professionalism relatively narrow because it relates 
specifi cally to one’s role as a student and focuses upon academic 
honesty.

The guidance offered by medical schools on professionalism 
has been recently expanded as more schools are broadening their 
institutional policies to specifi cally address what students should 
and should not post online (Chretien et al., 2009).

In 2001, the Accreditation Council for Graduate Medical 
Education (“ACGME”) began the “Outcome Project,” a long-term 

K E Y  C O N C E P T S

■ As a group, physicians are granted status, autonomy, and the ability to self-regulate.
■ A traditional societal contract expects the application of knowledge and skills to benefit individuals and society.
■ Additional challenges to professionalism have arisen in the digital age: internet applications, electronic mail, and 

social networking Web sites.
■ Andrew Taylor still taught that each person should be treated as a unique individual, not as a disease entity. 

Osteopathic physicians have consistently maintained this thought as the core of their professionalism.
■ Professionalism is a personal journey for each osteopathic phys
■ ician’s understanding of how to demonstrate attributes of knowledge, skill, altruism, and duty.

26
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initiative with increasing emphasis on educational outcomes. 
Professionalism is one of the general competencies outlined in 
the Outcome Project described as “a commitment to carrying out 
professional responsibilities, adherence to ethical principles, and 
sensitivity to a diverse patient population.” They have developed 
excellent educational resources to aid residency programs and 
physicians in teaching and assessing professionalism (ACGME 
Outcome Project Website, n.d.).

The American Osteopathic Association (AOA) quickly fol-
lowed suit in adopting core competencies. In the AOA version, 
the six competency areas were accompanied by an additional one: 
OPP. The AOA also provided more detailed guidance on the core 
competency of professionalism, adding several required elements 
to assist in understanding (Box 26.2).

In this guidance from AOA, professionalism encompasses patient 
advocacy, ethics, collaborative relationships with colleagues; ongoing 
learning; sensitivity to diverse patient populations; self-health; hon-
esty; confi dentiality; and compassion among other things.

Along with graduate medical education, osteopathic medical 
schools have been required to incorporate the core competencies. 
Consequently, as medical school progresses, each COM is obli-
gated to teach and evaluate professionalism along with all the other 
seven required core competency areas. As this occurs, additional 
descriptors are brought to bear in an effort to accurately capture 
professionalism so that it can be effectively taught, reviewed, and 
evaluated. Accrediting bodies and specialty groups contribute 
additional information by offering their own interpretations and 
professionalism becomes larger, encompassing a variety of areas 
beyond the purely academic.

The taxonomy lists for professionalism are abundant and daunt-
ing. As shown in Table 26.1, there are many different descriptors 

The Osteopathic Oath
“I do hereby affirm my loyalty to the profession I am about to 
enter.

I will be mindful always of my great responsibility to pre-
serve the health and the life of my patients, to retain their 
confidence and respect both as a physician and a friend who 
will guard their secrets with scrupulous honor and fidelity, to 
perform faithfully my professional duties, to employ only those 
recognized methods of treatment consistent with good judg-
ment and with my skill and ability, keeping in mind always 
nature’s laws and the body’s inherent capacity for recovery.

I will be ever vigilant in aiding in the general welfare of the 
community, sustaining its laws and institutions, not engaging 
in those practices which will in any way bring shame or 
discredit upon myself or my profession.

I will give no drugs for deadly purposes to any person, 
though it may be asked of me.

I will endeavor to work in accord with my colleagues in a 
spirit of progressive cooperation and never by word or by act 
cast imputations upon them or their rightful practices.

I will look with respect and esteem upon all those who have 
taught me my art.

To my college I will be loyal and strive always for its best 
interests and for the interests of the students who will come 
after me.

I will be ever alert to further the application of basic biologic 
truths to the healing arts and to develop the principles of oste-
opathy which were first enunciated by Andrew Taylor Still” 

(American Osteopathic Association Web site, n.d.).

Competency 5: PROFESSIONALISM

DEFINITION
Residents are expected to uphold the Osteopathic Oath in the conduct of their professional activities that promote advocacy of 
patient welfare, adherence to ethical principles, collaboration with health professionals, life-long learning, and sensitivity to a diverse 
patient population. Residents should be cognizant of their own physical and mental health in order to effectively care for patients.

REQUIRED ELEMENTS
1. Demonstrate respect for patients and families and advocate for the primacy of patient’s welfare and autonomy.

Suggested methodology to achieve compliance:

a. Present an honest representation of a patient’s medical status and the implications of informed consent to medical treatment 
plans.

b. Maintain a patient’s confi dentiality and demonstrate proper fulfi llment of the physician’s role in the doctor–patient 
relationship.

c. Commitment to an appropriate and nonexploitive relationship with patients.
d. Inform patients accurately of the risks associated with medical research projects, the potential consequences of treatment 

plans, and the realities of medical errors in medicine.
e. Treat the terminally ill with compassion in the management of pain, palliative care, and preparation for death.
f. Participate in course/program (compliance and end of life). Workshops, lectures, bedside, and clinic/offi ce teaching
g. Role modeling behavior

AOA Report of the Core Competency Task Force (2003)

Core Competency of Professionalism
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preclinical years in the academic “course work” setting. However, 
the true labor of professionalism becomes apparent with the onset 
of clerkship training and continues to unfold for the duration of 
the osteopathic physician’s clinical career.

Professionalism in the Clerkship and Residency Years

Multiple organizations have offered differing defi nitions of pro-
fessionalism. In his landmark publication on professionalism 
“A Flag in the Wind: Educating for Professionalism in Medicine,” 
Thomas Inui, MD, has condensed the work from the Association 
of American Medical Colleges (AAMCs) Medical School Objec-
tive Project defi ning the “attributes of the good physician as falling 
into four large domains—being knowledgeable, skillful, altruistic 

of professionalism such as honesty, trust, fairness, respect, per-
sonal accountability, altruism, competence, skill, integrity, com-
mitment to excellence (Inui, 2003). Some of these descriptors are 
objective and amenable to measurement; however, some of them 
are arguably subjective, diffi cult to quantify, and open to varied 
interpretation.

Although we all agree “good physicians” should embody these 
virtues, the challenge arises with how we should educate, apply, 
and measure such traits when professionalism (like beauty) is in 
the eye of the beholder. It is much like trying to teach and quantify 
love. We as humans agree that love exists, but we have yet been 
able to establish a tool with which to measure it. Certainly, many 
attributes of professionalism such as knowledge, academic hon-
esty, and accountability can be identifi ed and measured during the 

T A B L E  2 6 . 1

Professionalism Descriptors

AAMC ACGME

American Board of Internal Medicine, 
American College of Physicians-XXX 
(ACP-SIM), European Federation of 
Internal Medicine GMC

Accountability +
Advocacy/Primacy of patient welfare + +
Altruism + +
Appropriate relationships + +
Avoidance of conflict of interest + +
Clinical skills/Professional competence + + +
Commitment to excellence/
Quality improvement

+ +

Communication/Listening + +
Compassion + +
Condition managing +
Ethical probity/Sound ethics + +
Honesty/Honesty with patients + + +
Improving access to care +
Integrity/Trustworthiness + +
Knowledge/Scientific knowledge + + +
Patient autonomy + +
Professional responsibilities + +
Pt. Confidentiality/Patient privacy + +
Reasoning +
Respect/Treat every patient 
politely and considerately

+ + +

Responsiveness to patient needs + +
Sensitivity to (patient diversity) + +
Social contract +
Social justice/Just distribution of 
finite resources

+

Work with colleagues to serve 
patients’ interests

+

Source: Inui, T. A Flag in the Wind: Educating for Professionalism in Medicine. Washington, DC: Association of American Medical Colleges, 
2003.

Chila_Chap26.indd   354Chila_Chap26.indd   354 8/4/2010   5:54:45 PM8/4/2010   5:54:45 PM



 26 • PROFESSIONALISM 355

and the intention that such activities will enable the physician 
to benefi t society through his or her work. Although all of these 
aspects are important to professionalism, much has recently been 
learned in the areas of communication and physician self-awareness, 
and these areas are summarized below.

Communication Skills

Communication is one of the primary skills for an osteopathic 
physician’s effectiveness in the “art” of medicine. These skills 
help to elicit a patient’s story, promote rapport, infl uence patients’ 
understanding, compliance, and emotional well-being (Novack 
et al., 1992). Historically, communication skills were considered 
to be a “soft” science, something physicians developed “at patients’ 
bedsides, in their rounds as residents, and as students at the elbows 
of master clinicians” (Traveline et al., 2005). Currently, it is appre-
ciated that many of these skills can be taught and, consequently, 
this is a focus of learning early in medical school so that baseline 
skills are present prior to contact with actual patients.

Published literature has long shown the value of effective 
physician-patient communication on improving health outcomes 
of common clinical conditions such as headache, hypertension, 
diabetes, and anxiety (Stewart, 1995). Research has affi rmed the 
importance of communication skills and their effect on health care 
outcomes for racial and ethnic groups (Ashton et al., 2003); gays 
and lesbians (Harrison, 1996); and the functionally illiterate (Wil-
liams, 2002). Low patient satisfaction scores for hospitalists and 
emergency department physicians have been documented when 
communication skills are defi cient. Some work has been done on 
developing targeted sets of communication skills expressly to assist 
physicians and when implemented, there are indications that this 
does improve those satisfaction scores (Keller et al., 2002).

Empathy has been measured as a neurobiological response in 
studies using positron emission tomography. This chapter suggests 
that “the physicians’ use of empathy warrants consideration as a 
clinical procedure” because of the features of having “a medical 
indication; a skilled interpersonal performance requiring emotional 
labor; and an attempted improvement in the patient’s psychobiol-
ogy” (Adler, 2007). Adler (2007) indicates further that the benefi ts 
of affective attunement help the patient to feel understood, but also 
benefi t the physician for they foster a deeper understanding of the 
patient’s unique situation and clinical presentation.

As technology has advanced, electronic mail has become read-
ily available as a potential tool for communication between the 
patient and physician, but ethical, legal, and clinical concerns have 
been raised about the use of e-mail (Luo et al., 2009) Guidelines 
for clinical use of e-mail are now available through several organi-
zations such as the American Medical Association.

However important communication may be for special situa-
tions, a case could be made that in our current practice environment, 
improved communication skills are important for all physicians—
now more than ever before. In busy practices, physicians face emo-
tionally charged situations, crisis decision making, family contacts, 
confl icting interests, and much more on a daily basis. Improved 
listening and communication skills can be a tremendous benefi t 
to an individual physician in addressing such issues, in boundary 
setting, and in clarifying expectations.

Physician Personal Awareness

Because physicians use themselves as instruments of diagnosis and 
therapy, it can be extremely valuable for a physician to have an 
insight into how his or her personality, life experiences, and feelings 

and dutiful” (2003). The expanded description for each attribute is 
summarized below:

■ Knowledgeable (scientifi c method, biomedicine)
■ Skillful (clinical skills, reasoning, condition managing, commu-

nication)
■ Altruistic (respect, compassion, ethical probity, honesty, avoid-

ance of confl icts of interest)
■ Dutiful (population health, advocacy, and outreach to improve 

nonbiologic determinants of health, prevention, information 
management, health systems management) (Inui, 2003)

Medical schools and professional organizations have striven to 
develop meaningful curricula and evaluation tools to help physi-
cians produce clinicians who will understand and fulfi ll such soci-
etal expectations.

Yet, it must be recognized that the early clinical experiences that 
medical students encounter in clerkships can be disquieting. They 
may fi nd themselves thrust into situations where decision making 
is driven more by insurance restrictions than doing what is best for 
the patient. When this occurs, they will witness the frustration of 
their mentors and role models. Quickly, medical students realize 
that although they are taught that professionalism is important and 
highly valued, embodying it consistently in clinical situations is not 
simple or easy at all. Some authors have reported that such early 
clinical experiences may actually contribute to a decline in empathy 
(Newton et al., 2008) and moral development during the medical 
school years (Patenaude et al., 2003). Based on such fi ndings, some 
authors have voiced concern that more should be done to prevent 
deterioration during the clinical years in medical school (Branch, 
2000; Self et al., 1998).

In a recent article published in Academic Medicine 2007, 
medical students who are “immersed in learning professionalism, 
observe that most of the professionalism literature missed the mark” 
(Brainard and Brislen, 2007). These authors indicate that there is a 
“hidden curriculum” in the actual practice of medicine that places 
such issues as effi ciency, productivity, or academic hierarchy ahead 
of the patient’s needs. The accompanying cynicism and despair 
many medical students and physicians describe in response to the 
“hidden curriculum” are refl ections of a grieving process.

The increased use social networking among the technically 
savvy medical students can also be problematic. “Medical students 
may not be aware of how online posting can refl ect negatively on 
medical professionalism or jeopardize their careers.” (Chretien et al., 
2009) The authors suggested including a digital media component 
in the formal professionalism curriculum to help the student man-
age their “digital footprint.” (Chretien et al., 2009; Gorindo and 
Groves, 2008).

All of this information should be a serious wake-up call for 
physicians. It is imperative that we examine the expectations we 
place on medical students, the impact of their clinical experi-
ences, and what we might do differently to lessen or reverse these 
negative infl uences as much as possible.

Professionalism and the Staff Physician

Once a physician has completed residency, obtained certifi ca-
tion, and become established in practice, professionalism becomes 
codifi ed in daily activities. Epstein (2002) wrote “Professional 
competence is the habitual and judicious use of communication, 
knowledge, technical skills, clinical reasoning, emotions, values 
and refl ection in daily practice for the benefi t of the individual 
and the community being served.” This expansive description cap-
tures the multifaceted demands of professionalism in daily practice 
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can impact interactions with patients, families, and other 
professionals (Novack et al., 1992). In Novack et al.’s (1992) article 
“Calibrating the Physician,” a number of studies are discussed 
which evaluate factors impacting doctor-patient communication 
such as the physician’s core beliefs, family of origin, gender issues, 
and sociocultural infl uences.

In addition, studies have documented a general drop in physi-
cian satisfaction most prominent in areas with a high penetration 
of managed care (Gallagher and Levinson, 2004). In one longitu-
dinal observational study, Murphy et al. (2001) reported a decline 
in the patient rating of their doctor’s communication and interper-
sonal skills over a 3-year period of time. The authors suggested that 
possible factors driving this decline might include the distractions 
of organizational restructuring, mergers, and pressures to increase 
productivity without compromising standards of care. All of these 
examples are commonplace in health care environment today.

Consequences of Lack of Professionalism

Just as outstanding physicians are recognized by their continuous 
professionalism, the absence of professional behaviors can be a sig-
nal that an individual practitioner is at risk for problems.

Papadakis et al. (2005) have published a number of studies 
extrapolating behavior patterns observed in medical students and 
their associated risks for future disciplinary actions by medical 
boards. The three types of unprofessional behavior categories that 
were signifi cantly associated with disciplinary actions were (a) irre-
sponsibility, (b) diminished capacity for self-improvement, and 
(c) poor initiative (Teherani et al., 2005). Examples of unpro-
fessional conduct included observed behaviors such as unreli-
able attendance at clinic, lack of follow-up on activities related 
to patient care, argumentativeness, failure to accept constructive 
criticism, lack of motivation, and poor attitude. A list of the most 
frequent subsequent violations that lead to disciplinary action on 
the part of state medical boards included use of drugs or alcohol, 
incompetence, negligence, conviction for a crime, and also unpro-
fessional conduct (Teherani et al., 2005).

A case-controlled descriptive design study was published that 
established a relationship between psychological indices as mea-
sured by the California Psychological Inventory (“CPI”) with mea-
sures of professionalism during medical school (Hodgson et al., 
2007). The CPI was administered at time of matriculation. The 
authors indicated that those physicians who demonstrated unpro-
fessional behavior in medical school tended to score signifi cantly 
lower on four CPI scales. Low scores on the four CPI scales indi-
cated the following patterns of behavioral defi cits: responsibility 
(self-indulgent, lack of discipline), communality (unconventional, 
changeable, and moody), well

-being (perceived unfair treatment, health, or personal prob-
lems), and rule respecting (rebellious, cynical). Finally, it has been 
recognized that physicians who receive a disproportionate num-
ber of patient complaints and subsequent malpractice claims often 
struggle with interpersonal behaviors such as establishing rap-
port, expectation management, and communication effectiveness 
(Hickson et al., 2002).

Professionalism—A Lifelong Personal Commitment

There are an abundance of suggestions for enhancing education 
for professionalism from medical schools and professional orga-
nizations. The remainder of this chapter will be devoted to pro-
viding practical resources for individual physicians to incorporate 
into their lifelong implementation plan for professionalism. The 

suggestions below are organized according to the attributes of 
professionalism provided in Table 26.1.

Knowledge and Skills

The continuing medical education requirements of licensing agen-
cies and certifying boards provide the structure for maintaining 
some form of lifelong learning. Current clinical knowledge status 
is also regularly assessed through periodic specialty certifi cation 
boards. Participating and receiving feedback from hospital quality 
assurance programs also promotes the ongoing outcome measure-
ment of clinical skills application. Many hospitals have opportu-
nities for participation in peer review, M&M conferences, grand 
rounds, and other activities that enable the practicing physician to 
keep abreast of knowledge and skills in his/her clinical specialty 
area.

Individual practitioners can become more self-aware of their 
personality and communication preferences by taking the Myers-
Briggs Type Indicator personality questionnaire, a process that 
provides many helpful insights. Keirsey (1998) and Meyers (1980) 
have expanded on the concepts of personality preferences in their 
books. Deborah Tannen, Ph.D., is a professor in linguistics and has 
published a number of useful books and journal articles on gender 
communication patterns (Tannen, 1990).

Increased understanding of religious and cultural differences 
may be obtained from attending local college classes, community 
programs, and/or online resources. Volunteering to help patients 
and families with understanding medical information in the con-
text of their own cultural and religious issues may also be a very 
valuable source of personal learning.

Altruism and Duty

In his article “Professionalism and Humanism beyond the Aca-
demic Health Center,” Swick (2007) suggests using the humanities 
to show our own personal humanity. Swick’s article includes a list 
of selected works by physician authors that he believes convey the 
values of humanism and professionalism. Inui (2003) emphasizes 
the link between personal and professional growth and develop-
ment that can be further enhanced through such mechanisms as 
ethics training and social medicine courses—history, medicine, 
health, and society.

There are two established professional development small 
groups to consider; Balint groups and “Literature & Medicine: 
Humanities at the Heart of Health Care.” The aim of a Balint 
group is to help the doctors with the psychological aspect of their 
patients’ problems—and their problems with their patients. The 
focus of the work is on the doctor–patient relationship. Additional 
information about Balint groups and workshops can be found on 
their Web site.

Literature and Medicine: Humanities at the Heart of Health Care 
was created by the Maine Humanities Council and is a workplace 
program that gives people involved in the delivery of health care an 
opportunity to come together and refl ect on their roles as health 
care providers through the medium of literature. Detailed informa-
tion of the program is available on their Web site.

Confront the Facts

In addition to all of the efforts medical schools make to include the 
elements of Professionalism in their curriculum, we must add one 
more—“Confront the Brutal Facts.” In his book Good to Great, Jim 
Collins (2001) devoted an entire chapter titled “Confront the brutal 
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facts, yet never lose faith”. Based on the author’s extensive research, 
one of the elements that enables companies to become great is their 
ability to confront the most brutal facts of reality while maintaining 
faith that they will prevail regardless of diffi culties. Based on Col-
lin’s guidance, the osteopathic profession needs to foster a “climate 
where the truth is heard.” We must help our students and ourselves 
move through their grief process to fi nd acceptance (Kübler-Ross, 
2003); and to be forthright about the fact that the daily application 
of professionalism is a continuous struggle. The majority of physi-
cians are high academic achievers striving for the “A” in all areas of 
medicine, including professionalism. The brutal truth about pro-
fessionalism is that it is composed of a number of important ele-
ments that must be done the best that we can in the face of resource 
limitations and at times, confl icting priorities.

As a case in point, let’s take compassion and medical knowl-
edge, two fundamental qualities of professionalism. While a stu-
dent might achieve an “A” in compassion by spending an extra 
30 minutes with an upset family member; he/she sacrifi ced an 
obligation to pursue medical knowledge by missing noon lecture. 
Although this is admittedly a simplistic example, the message is 
absolutely crucial for creating an environment where the truth is 
heard. We must encourage acceptance of the struggle involved in 
balancing confl icting demands while attempting to embody the 
multiple elements of professionalism. We must also affi rm that fact 
that in spite of the diffi culties we face each day, on balance, profes-
sionalism prevails because of our devotion to it and our steadfast 
determination to keep trying to do the very best that we can at it.

Authenticity is the Heart of Professionalism

Professionalism comprises a set of expected behaviors. Institutions 
select the behaviors of professionalism that will be measured to 
determine competency (Cohen, 2007). There is another important 
element of professionalism—caring—which is harder to quantify. 
Caring, also described by Cohen as humanism, denotes an intrin-
sic set of “deep-seated convictions about one’s obligations toward 
others.” It is possible for physicians to “go through the motions” of 
professional behavior without actually believing in the virtues that 
support them (Cohen, 2007). The bond between the behaviors of 
professionalism and the attribute of caring is critical to the deliv-
ery of meaningful health care and is sustained by the osteopathic 
physician’s ability to be authentic. “All humans have authenticity 
detectors…that psychic mechanism by which we can recognize the 
ring of truth that helps us determine if that person is trustworthy” 
(Spence, 1995). We fuel our authenticity by telling the truth about 
ourselves which in turn strengthens the trust in our relationships. 
For example, physicians are often reluctant to admit that “they 
don’t know,” concerned that this disclosure would undermine the 
patient’s confi dence in their care. However, the act of fabricating a 
diagnosis when the physician is unsure is readily picked up by the 
patient and could actually undermine the patient’s trust and confi -
dence in that physician. When we dare to tell the truth, all the ele-
ments of communications, physical and verbal, automatically come 
together to deepen our authenticity.

Professionalism is a Journey

The osteopathic physician does not become a professional but 
rather chooses to be professional daily. The truth about our days is 
that even when they are carefully planned with our very best “time-
management” skills, circumstances will arise that are unplanned, 
competing, and all worthy of our full attention. What do we do? 
Employing the concept developed by the Covey team of “integrity 

in the moment of choice” is one approach (Covey et al., 1994). 
Covey writes that we increase our ability to act with integrity when 
we “pause; ask with intent, listen without excuse and act with cour-
age,” it includes asking questions such as “What’s the best use of 
my time right now?” It is important to avoid rationalizing your 
choices and to choose your actions based on enduring principles 
(Covey et al., 1994). Professionalism is processed based, and it 
demands daily effort and regular self-examination.

SUMMARY

Professionalism has been a cherished ideal since the founda-
tion of osteopathic medicine. Although much has been done in 
recent years to better delineate the traits and behaviors associated 
with professionalism, it still remains a personal journey for each 
physician.
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Mind-Body Medicine
HOWARD SCHUBINER

INTRODUCTION

As George Engel (1) pointed out in 1977, all patients with an 
illness have physical, psychological, and social components that 
interact in complex relationships to impact the onset, course, and 
outcome of their illness. The experience of illness has a powerful 
effect on individuals and, for some patients, may become the deter-
mining factor in the eventual outcome. In addition, factors such as 
social support, stable living situations, and personality factors have 
been shown to play important roles in health outcomes (2).

For example, the Canadian Health Study found that an indi-
vidual’s perception of health was more highly correlated with lon-
gevity than were other more objective measures of health, such as 
the number of chronic diagnoses (3). The Alameda longitudinal 
study found that individuals with higher levels of social support 
(defi ned as being married, being involved in religious or social 
groups, or having close friends) had 50% lower mortality over the 
course of 9 years (4). Conversely, depression is associated with 
increased mortality after a myocardial infarction (5).

Personality factors have also been shown to affect the develop-
ment of certain illnesses. The longitudinal study of physicians and 
attorneys from the University of North Carolina showed that those 
who reported higher levels of hostility and anger during graduate 
school were more likely to develop myocardial infarctions and had 
higher mortality rates later in life (6). Hostility also appears to pre-
dict cardiovascular mortality among middle-aged men (7). Stress 
and emotional reactions to stress have been shown to alter a variety 
of markers that are associated with poor health outcomes, such as 
tissue necrosis factor, interleukin 6, and C-reactive protein (2,8).

When the biopsychosocial model of patient care was pro-
posed, it provided physicians with a way to conceptualize illness 
and the relationship between the patient and the illness. In this 
model, there is an interaction between the physical disease process 
(pathologic changes in the body), the psychologic makeup of the 
individual, and the social milieu of the patient. A generation of 
physicians and psychologists has used this model in research and 
patient care to elucidate complex relationships between illness and 
disease. Although this model correctly points out that all disorders 
have components of biologic, psychologic, and social determinants, 
it may not differentiate the degree to which these factors are pres-
ent in particular disorders.

27
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■ The experience of illness has a powerful effect on individuals, perhaps the determining factor in the eventual 
outcome.

■ Personality factors have been shown to affect the development of certain illnesses.
■ The biopsychosocial model of patient care correctly conceptualizes components of disorders, but may not 

differentiate the degree to which these factors are present in particular disorders.
■ Disorders affecting relatively young, healthy people with little evidence of attendant increased mortality can 

be effectively treated using a purely psychological or “mind-body” approach.
■ The unconscious mind can perpetuate physical symptoms that begin with a clear physical cause.

Cancer and cardiovascular diseases comprise the major causes 
of mortality in the United States and have a clear age-related prev-
alence. Although there is signifi cant literature documenting rela-
tionships between these diseases and psychological factors, there 
is little evidence that psychosocial interventions affect the course 
of the pathological disorder and virtually no evidence that these 
disorders can be cured by psychosocial treatments (9,10). It may 
be inferred that psychosocial treatments are best characterized as 
helping to cope with the effects of these primarily biologic pro-
cesses.

A second group of disorders can be considered to have more 
equal balance between biologic and psychosocial factors. Disorders 
such as asthma, rheumatoid arthritis, and infl ammatory bowel dis-
ease cause clear pathologic changes, but they also occur in younger 
individuals and can follow a course that is mild, moderate, or 
severe. There is some literature to suggest that psychosocial inter-
ventions can improve the symptoms in these disorders, but true 
cures appear to be less likely (11). Psychosocial interventions can be 
considered for these disorders to attempt to decrease exacerbations 
of the underlying process.

A third group of disorders is the subject of this chapter: disor-
ders affecting relatively young, healthy people with little evidence 
of true pathologic changes in the body, nor evidence of increased 
mortality due to the disorders. These disorders comprise a wide 
range of syndromes but can be grouped into pain syndromes 
(including headaches, migraine, back pain, neck pain, whiplash, 
fi bromyalgia, temporomandibular joint syndrome, and chronic 
abdominal and pelvic pain syndromes), autonomic nervous sys-
tem (ANS)–related disorders (including irritable bowel syndrome, 
interstitial cystitis, postural orthostatic tachycardia syndrome, refl ex 
sympathetic dystrophy, and functional dyspepsia), and neurologic-
psychologic syndromes (including insomnia, fatigue, paresthe-
sias, and tinnitus). These disorders are not generally considered 
to be psychosomatic disorders; however, there is ample evidence 
that these disorders are primarily caused by physiologic, rather 
than pathologic conditions within the body and that they can be 
effectively treated using a purely psychological or “mind body” 
approach (12,13).

Table 27.1 outlines the differences between these three catego-
ries of illness vis-à-vis psychological processes.
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pain (LBP). For example, in those without LBP, 64% were found 
to have disc bulging, protrusion, or extrusion (21). In follow-up 
studies, the development or persistence of back pain shows no cor-
relation with MRI fi ndings (22,23). Despite increased spending 
for surgery, injection therapies, and other modalities, disability for 
back pain has risen in the last decade (24). Noting the lack of effi -
cacy for these therapies, Deyo and colleagues have suggested that 
invasive treatments be curtailed (25).

Dr. Sarno explored the theory that stressful situations, the 
response to stressful situations, and both conscious and unconscious 
emotions were the actual cause of the physical symptoms seen in 
many of his patients. He developed a psychoeducational approach 
for these patients and has found success in curing patients with 
chronic musculoskeletal symptoms. In addition, he has found that 
many patients had concomitant symptoms in other systems (such 
as GI and GU systems) and psychiatric symptoms (such as anxi-
ety, depression, insomnia, fatigue) improved along with the mus-
culoskeletal symptoms when some of the underlying psychological 
issues were identifi ed and addressed. The key component of this 
approach however is not in the psychological treatment modalities, 
but in the recognition that while the physical symptoms are real, 
these symptoms are not due to a pathologic derangement in the 
body, but that they are caused by mental processes and therefore 
they can be cured with a purely psychological approach (26).

NEUROPSYCHOPHYSIOLOGIC MECHANISMS 
OF MIND-BODY SYNDROMES

The mechanisms for psychophysiological dysfunction producing 
psychosomatic syndromes have begun to surface in recent years. 
There are two distinct pathways involving the CNS, by which 
musculoskeletal pain can be amplifi ed and/or reduced. The current 
prevailing paradigm for physiological pain modulation—the gate-
control theory—acknowledges that an individual’s emotional state 
can modulate the perception of pain (27).

An area of the brain known as the “rostral anterior cingulate 
cortex” (rACC; sometimes referred to as the “medial prefrontal 
cortex” is known to modulate the intensity of pain that an indi-
vidual perceives (28,29).

The psychological function of the rACC has been described as 
generating the emotional response to a perceived error (30).

In contrast to the rACC, the dorsolateral prefrontal cortex 
(DLPFC) is able to decrease the perceived intensity of pain, in part 

HISTORICAL BACKGROUND

In 1934, Harriman reported a case of a former nun who secretly 
got married but suddenly developed paralysis of her right arm at 
the very moment at which she was going to convey this news to her 
family in a letter (14). This is an example of a conversion reaction 
caused by great confl ict in the unconscious mind of this patient. 
In the 1600s and 1700s, common consequences of stressful events 
and strong unconscious emotions were so-called hysterical paraly-
sis and hysterical seizures (15).

Changes in society and advances in medicine (e.g., discovery of 
deep tendon refl exes, which could quickly distinguish organic from 
psychogenic paralysis) caused these syndromes to greatly dimin-
ish in occurrence. When a medical condition is clearly viewed as 
being psychogenic by a culture (and by the medical profession), 
the unconscious mind will be less likely to produce that syndrome. 
However, humans continue to experience great stresses and strong 
emotions and these emotions are commonly manifest as physical 
(and psychological) symptom complexes. Therefore, paralysis and 
seizures have been replaced in the 21st century with chronic back 
pain, fi bromyalgia, fatigue. irritable bowel syndrome, and other 
similar disorders (15).

In 1950, Hans Selye described the General Adaptation Syn-
drome in rats who had been subjected to stress in the laboratory. 
These rats showed signs of immune dysfunction (shrunken thymus 
glands) and ANS overactivity (peptic ulcers and enlarged adrenal 
glands) (16). Building on the prior work of Walter Cannon, who 
described the fi ght or fl ight response (17), this ushered in the era of 
understanding that stress and emotional disturbances could cause 
physical changes in the body. In 1975, Robert Ader found that rats 
given cyclophosphamide in bowls of saccharine (with its charac-
teristic taste) developed immune suppression that was reproduc-
ible when they were later exposed simply to saccharine (18). These 
fi ndings (which have been reproduced in humans) (19) confi rmed 
that the mind can cause physical disorders via the sympathetic ner-
vous system and that these pathways can be conditioned by classic 
behavioral techniques.

In the 1970s, Dr. John Sarno, a rehabilitation physician in New 
York City began to question the conventional wisdom of ascribing 
most chronic back and neck pain to musculoskeletal derangements 
in the spine (20). He noted that radiological imaging studies were 
often predictive of neither the level of pain or neurologic symp-
toms, nor the course of the illness. Since then, several studies have 
documented that MRI fi ndings have little correlation with low back 

T A B L E  2 7 . 1

Physical, Psychological, and Social Interactions

Group Examples Epidemiology
Role of Psychological 
Factors

Treatment Aim 
Biomedical/Psychological

1 Cancer CAD Increases with age; 
mortality common

Associated but not 
causative

Rx disease/cope with 
stress

2 Asthma IBD RA Young to middle age; 
morbidity common

May cause exacerbations Rx disease/prevent 
exacerbations

3 HA, LBP, 
Fibromyalgia 
Whiplash

Young to middle age; 
no mortality; no tissue 
destruction

Causative of symptoms Rx symptoms/control 
or cure

CAD, coronary artery disease; IBD, inflammatory bowel disease; RA, rheumatoid arthritis; HA, headaches; and LBP, low back pain.
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brain can take in about 11 million bits of information each second, 
the conscious brain can only process about 40 bits of information 
in a second and that the vast majority of our thoughts and emo-
tions occur in the unconscious mind (44).

The unconscious mind can perpetuate physical symptoms that 
begin with a clear physical cause, such as a car accident or an injury. 
In these cases, the mind may “use” the opportunity of the accident in 
order to develop pain that serves a function for the individual, such 
as relieve them from a diffi cult work situation. A study that created 
a sham (or placebo) car accident showed that 10% of the partici-
pants had neck pain 4 weeks after the “accident,” even though their 
necks did not move during the sham accident. Those who were 
most likely to develop neck pain were those who were under the 
most stress and emotional distress at the time of the accident (45). 
In contrast, demolition car drivers who have an average of over 150 
crashes per race rarely develop chronic neck pain (46). And a study 
of people involved in motor vehicle accidents in Lithuania showed 
no difference in neck pain or headaches compared to a group of 
people who had not been in car accidents, suggesting that whiplash 
is potentially a “culture-bound syndrome” (47).

The unconscious mind is also more likely to produce symp-
toms that run in the family, for example, headaches and abdominal 
pain, or symptoms that are discussed in magazines and television 
shows or advertisements. Another mechanism for the “choice” of 
a particular symptom complex is due to prior learning. For exam-
ple, someone who had an injury to a certain area is more likely to 
develop psychogenic pain in that area since the neurological pat-
tern of pain and nerve sensitization has been produced in the past 
and is remembered by the brain.

Finally, some symptoms are symbolically representative of a 
clear psychological process, such as a man who develops groin pain 
after an extramarital affair. It appears that the unconscious mind 
is likely to produce physical symptoms at times of severe stress as 
an outlet or an escape mechanism for the buildup of unacceptable 
emotions that have no outlet. It is also possible that the unconscious 
mind is alerting the individual to what it perceives to be danger-
ous situations through the development of pain. For example, a 
woman who migrated to the United States from India developed 

by inhibiting the rACC (31). The role of the DLPFC in reducing 
perceived pain intensity is further supported by studies that show 
atrophy or neurodegeneration of this brain region in patients with 
persistent LBP, compared to controls (32–34). Among the many 
psychological functions of the DLPFC, the most pertinent to our 
discussion is its role in the interaction between cognitive and emo-
tional processing. The DLPFC has been shown to be activated by 
praise and feelings of positive self-worth (35).

In addition to the above mechanisms, researchers have shown 
that stress causes increases not only in cortisol but also in infl am-
matory cytokines such as tissue necrosis factor-a and nuclear factor 
kappa-B (NF-kB) which induces expression of proinfl ammatory 
cytokines such as TNF-a, interleukin-6, and interleukin-1b (36). 
All of these cytokines are known to cause sensitization of periph-
eral nociceptors which lead to increased pain (37,38).

Figure 27.1 describes a hypothesis of the mechanisms that 
underlie psychosomatic syndromes. The process may start with 
an injury or signifi cant conscious or unconscious stressors, but 
the syndrome may become perpetuated by sensitization of affer-
ent nerve fi bers, amplifi cation of signals by the amygdala and the 
anterior cingulate cortex, and reinforcement of efferent signals in 
the ANS. These processes all occur in the unconscious part of the 
brain. Conscious and willful activity in the DLPFC can attenuate 
these processes as shown (39,40).

PSYCHOLOGICAL ISSUES

Numerous studies document the role of the unconscious mind in 
determining human behavior. For example, being presented with 
words such as old, wise, retired, and gray in a word experiment 
caused those participants to walk slower than a control group (41). 
People who were shown subliminal words related to assertiveness 
later were more likely to interrupt the investigator than those who 
were shown subliminal words related to politeness (42). People 
who briefl y held an iced coffee drink in their hand rated a stranger 
as being less friendly than did people who held a warm cup of cof-
fee (43). It is estimated that approximately 95% of our thoughts 
and feelings reside in the unconscious mind and while a human 
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Figure 27-1 This fi gure represents the theorized pathways that produce and perpetuate the mind-body syndrome. 
These pathways can begin due to an injury or stressful events that produce strong unconscious emotions in the amygdala. 
Afferent sensory nerves develop sensitization over time and send signals to the amygdala. Signals in the brain get ampli-
fi ed by emotions and the ANS activates the fi ght or fl ight mechanisms, which produces muscle spasm, and vasocon-
striction, which worsens the physical symptoms in the body. These pathways get reinforced over time and this creates a 
vicious cycle of pain and increased emotional responses. A variety of triggers (such as certain positions, places, weather 
changes, foods, or situations) can act as conditioned responses and add to the neurologic pathways that perpetuate pain. 
In the conscious portion of the brain, the DLPFC area can act to attenuate and break the cycle at the level of the ANS.
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fi bromyalgia at a time in her life when she was beginning to think 
of doing some more things for herself such as taking classes at a 
local college. However, her husband took an extra job, she had 
three adolescent children who required a great deal of attention, 
and then both her mother-in-law and her brother moved into the 
home. Being a dutiful person who was obligated to others before 
her own desires, she put aside her own desires and she sublimated 
her feelings of resentment. Her body reacted to this set of stressors 
and repressed emotion with a widespread painful process, which 
responded to the psychological intervention mentioned below.

Another example is that of a fi refi ghter who developed neck 
pain after a fall in a burning building and was on disability from 
work due to severe neck pain. Although he had similar injuries in 
the past and had bounced back from them, this fi re was different 
because it caused the death of one of his friends. Following the fi re, 
in his conscious mind of course, he wanted to improve and return 
to work; however, his unconscious mind would not let him and 
found a way to create pain, which prevented him from returning 
to active duty. Once he understood that there was no signifi cant 
pathological process in his neck and that the underlying cause of 
his pain was due to emotions triggering a pattern of nerve path-
ways creating pain, he completed the psychological interventions 
described below and had a dramatic resolution of his symptoms 
allowing him to return to work. Table 27.2 outlines conditions for 
which a psychosomatic etiology is common.

MANAGEMENT OF MIND-BODY SYNDROMES

Current treatment approaches to patients with these unexplained 
symptom complexes consist of pain medications, modulators of pain 
perception, such as pregabalin and gabapentin, exercise, osteopathic 
manipulation, and physical therapy. These modalities are all success-
ful in many patients; however, certain patients do not respond and 

appear to require alternative approaches. Psychological approaches 
typically consist of cognitive behavioral therapy and stress reduction. 
Studies using mindfulness meditation have shown a reduction in 
pain for patients with chronic musculoskeletal pain (48) and fi bro-
myalgia (49,50). Cognitive-behavioral therapy, which works in part 
by reducing psychosocial stress, has also been shown to be effective 
in chronic musculoskeletal pain (51–54). Finally, studies using ther-
apeutic writing techniques in fi bromyalgia have shown reductions in 
pain comparable to standard pharmacological therapy (55,56).

A model for treatment of these “mind-body syndromes” con-
sists of the following steps. First, each patient is asked to read 
The Mindbody Prescription by Dr. Sarno (26). This gives the patient 
a basic understanding of how physical symptoms, which are real, 
located in the body and often severe, can be caused by conscious 
and unconscious emotional turmoil.

Second, each patient has a 60 to 90 minute offi ce visit to rule out 
any physical disorders that require conventional medical attention 
and to search for patterns of psychosomatic symptoms across their 
life span beginning in childhood. It is important to listen carefully 
to the patient’s life story and to help them uncover particular stres-
sors and emotional reactions that have triggered such psychosomatic 
symptoms. It is useful to attempt to help the patient understand the 
role of conditioned responses that serve as stimuli triggering the 
neurologic pathways that have developed over time (e.g., certain 
positions, activities, weather changes, foods, locations).

It is necessary to explain the physiologic pathways between the 
emotional centers of the brain (amygdala) and the ANS, which 
creates the physiologic substrates of pain and other symptoms (e.g., 
sensitized nerve pathways) in order to help them understand the 
role of the unconscious mind in producing emotions that can pro-
duce signifi cant physical symptoms despite being suppressed.

It is critical to normalize and destigmatize psychosomatic dis-
orders and accept them as a part of being “human,” and to explain 
how simple psychological techniques can alter the vicious cycle of 
pain and offer hope that their symptoms are curable.

An important step in the treatment process is patient partici-
pation in a 4-week seminar. Participants receive a workbook and 
instructions for performing specifi c therapeutic writing exercises to 
help them express emotions and better cope with prior and current 
stressors, specifi c meditative exercises based on mindfulness medi-
tation developed for this purpose, specifi c declarative and affi rma-
tive sentences that are spoken to oneself as a method for disrupting 
patterns of neurologic connections that promote symptoms, and 
exercises to develop and carry out activities that previously caused 
symptoms or are pleasurable and desirable.

Finally, follow-up is conducted to plan for the future depending 
on the response obtained to this program. Patients may require indi-
vidual psychotherapy as an adjunct to the program. The program is 
also available on the internet (57) and in a self-help book (58).

In 1976, Ivan Illich warned of the potential iatrogenic con-
sequences of a classifi cation of disease that labels patients (59). 
When patients with psychosomatic disorders are labeled as hav-
ing degenerative disc disease on the basis of an MRI or as having 
fi bromyalgia on the basis of an arbitrary classifi cation system, the 
stage is set for a vicious cycle of exacerbation of symptoms and of 
psychologic status. Eugene Carragee also warned of this process 
occurring in patients with back pain, “ill-considered attempts to 
make a diagnosis on the basis of imaging studies may reinforce the 
suspicion of serious disease, magnify the importance of nonspecifi c 
fi ndings, and label patients with spurious diagnoses” (60).

The tremendous advances in biomedical technology over the past 
several decades have led to an overemphasis on the biologic, while 
ignoring the psychologic and the social causes of common symptoms. 

T A B L E  2 7 . 2

Conditions for Which a Psychosomatic 
Etiology is Common

Types of Disorders Clinical Conditions

Chronic pain syn-
dromes

Tension headaches
Migraine headaches
LBP
Neck pain
Whiplash
Fibromyalgia
Temporomandibular joint 
syndrome
Chronic abdominal and pelvic 
pain syndromes
Chronic pain syndromes

ANS-related 
disorders

Irritable bowel syndrome, 
Interstitial cystitis, postural 
orthostatic tachycardia 
syndrome, reflex sympathetic 
dystrophy, functional dyspepsia

Neurologic 
syndromes

Insomnia
Chronic fatigue
Paresthesias
Tinnitus
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In addition, there has been a surge in expenditures for complementary 
and alternative treatments. An alternative nosology of disease has been 
created by this movement and includes labels such as chronic yeast 
infection, chronic food allergies and defi ciencies of natural hormones, 
gastric acid or various nutritional supplements. Such “diagnoses” can 
have similar effects to medical labeling, that is, turning a person with 
functional symptoms due to stressors into a patient with a “disease.”

APPLICATION TO PATIENT CARE

Therefore, in the course of routine patient care, it is critical for phy-
sicians to be aware of the probability that psychosomatic disorders 
will occur in most people during the course of their lifetime. A care-
ful history and physical examination should include investigation 
into the potential for both organic and functional disorders; that is, 
examining not only for signs of nerve root compression, tumor, or 
infection, but determining the psychological and social factors that 
may have led to this set of symptoms at this point in a person’s life.

The most important question to ask is “What was happening 
in your life at the time these symptoms began?” For patients who 
present with the new onset of headaches, bowel or bladder symp-
toms, or painful conditions that are not determined to have a clear 
pathologic basis, some amount of probing regarding stressors and 
underlying emotions may be required to uncover feelings of guilt, 
fear, resentment, or anger. Careful listening is important to validate 
the suffering of the patient and to reassure the patient that you take 
their condition seriously. Listening for and probing to obtain the 
psychosocial context of this point in a patient’s life will allow the 
physician to understand the potential contribution of psychosocial 
factors in the illness and will serve as starting point for understand-
ing and potentially curing those ailments that are purely functional.

It is critical to inform the patient with a psychosomatic illness 
that they are “not crazy,” but that these conditions commonly occur 
in most people. If the patient feels they are being told, “It’s all in 
your head,” they will be less likely to improve. It is better to tell 
patients that all symptoms have a cause and we have to get to the 
root cause of the symptoms in order to cure them. A careful psy-
chosocial history with emphasis on their childhood stressors as well 
as their adult stressors is necessary in order to uncover potential 
root causes. Looking carefully for temporal relationships between 
stressors (even mild stressors can precipitate signifi cant symptoms 
if they trigger an emotional response connected to childhood stres-
sors) is important to confi rm a psychosomatic etiology.

Once a psychosomatic condition is diagnosed, the manage-
ment should consist of the following:

Avoid excessive rest and disability. Encourage routine activities 
and exercise as tolerated.

Reassure about the lack of serious disease and inform the 
patient that they do have a condition. One useful term is 
“mind-body syndrome.” Emphasize that mind-body syn-
drome is real and that their symptoms are very real, but they 
are curable.

Avoid excessive testing and excessive referral to specialists who 
may be likely to reinforce the suspicion of serious disease. 
Explain the results of nonspecifi c test fi ndings (such as 
degenerative disc changes) as fi ndings that are within the 
range of normal.

Explain how the mind-body syndrome causes real symptoms 
and how physiologic mechanisms in the brain and body cre-
ate this vicious cycle (see Fig. 27.1).

Consider a referral to a physician or psychologist who special-
izes in this condition or to a counselor who can help the 

patient understand and cope with their childhood and adult 
stressors.

Give them resources, such as books by Dr. John Sarno or web sites 
such as www.tarpityoga.com or www.unlearnyourpain.com.

A tremendous amount of money is spent on the diagnosis and 
treatment of psychosomatic disorders. The majority of people will 
have physical and psychological symptoms at some time in their 
life due to psychological states. If psychosomatic disorders were 
widely recognized by the lay public and medical professionals (both 
traditional and alternative), there would be increased potential for 
alleviation of common symptoms, decrease in medical costs, and 
prevention of chronic symptom complexes. The treatment of these 
disorders requires a careful history, judicious use of diagnostic tests 
to rule out serious pathologic processes, attention to past and cur-
rent psychosocial stressors and reactions to these stressors, valida-
tion of the real nature of the symptoms (“It’s not all in your head”), 
explanation of the psychophysiologic basis of functional symp-
toms, and brief educational and psychologic interventions. In this 
way, patients are empowered to gain control over their symptoms, 
understand themselves better, and obtain tools to improve their 
psychological states.
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Spirituality and Health Care
FELIX J. ROGERS

INTRODUCTION

The starting point and the fi rst stumbling block to treating a 
person in terms of body-mind-spirit is to understand what is meant 
by each of these terms. In osteopathic medicine, we feel they have 
come to represent a comprehensive approach to an individual. Else-
where, body-mind-spirit has become such an increasingly popular 
term that it has been applied as a catchphrase, a means to promote 
a product. Interested readers who would like to verify the extent to 
which this term has become a marketing slogan are invited to do 
an Internet search. Ironically, a match for “osteopathic medicine” 
does not emerge. Chapter 27 has addressed the topic of mind–body 
interactions. This chapter will address the spirit component.

DEFINING SPIRIT

Teresa of Avila (1515–82), mystic and founder of the reformed 
Carmelites, stated, “I can’t understand what the mind is, or how 
it differs from soul or spirit. They all seem the same to me.” 
(1) Tenzin Gyatso, the 14th Dalai Lama, citing the Buddhist prin-
ciple of emptiness, remarks that Buddhism does not recognize 
spirit as an independent part of a person:

… if we examine our own conception of selfhood, we will fi nd that 
we tend to believe in the presence of an essential core to our being, 
which characterizes our individuality and identity as a discreet ego, 
independent of the physical and mental elements that constitute 
our existence. The philosophy of emptiness reveals that this is not 
only a fundamental error but also the basis for attachment, cling-
ing, and the development of our numerous prejudices (2).

Hazrat Inayat Khan, who introduced Sufi sm, the mystical compo-
nent of Islam, to the western world, writes: “… If we defi ne spirit, 
it cannot be spirit; the spirit that can be defi ned cannot be spirit. 
The best defi nition of spirit is ‘that which is not matter’” (3).

Given that the religious community itself has diffi culty 
in defi ning a term that at least by appearances belongs in that 
domain, let’s turn to historical and secular approaches. In the tradi-
tion of the Abrahamic faiths, spirit, ruah has an original meaning 
of breath, wind. A similar semantic development is found in the 
Greek pneuma. The English word “spirit” is derived from the Latin 

28
K E Y  C O N C E P T S

■ Spirit defined as an “animating or vital principle” can be viewed from a broad range of perspectives. For the 
physician, the patient represents the primary focus.

■ Many people seek to discern the degree to which their own lives are aligned with this animating principle. For the 
astute clinician, individual patients are often the best guides.

■ The role of the physician is to enhance the patient in her/his quest, and not to promote the physician’s personal 
value system.

■ The nature of the human condition is such that illness and disease do occur. Physicians can do much to promote 
understanding and provide comfort.

spiritus but contains the basic meaning of “breath,” “blow” (4). In 
one dictionary, spirit is described as an animating or vital principle 
in man (and animals); that which give life to the physical organism, 
in contrast to it purely material elements; the breath of life (5). 
Spirituality, in a narrow sense, concerns itself with matters of the 
spirit, which is closely tied to religious belief and faith. Especially 
in modern America, many are concerned that a distinction be 
drawn between spirituality and religion. Here’s one useful formula-
tion: “Spirituality is the way you fi nd meaning, hope, comfort and 
inner peace in your life. Many people fi nd spirituality through reli-
gion. Some fi nd it through music, art or a connection with nature. 
Others fi nd it in their values and principles” (6).

Andrew Taylor Still had strong spiritual feelings that were 
intertwined with his osteopathic philosophy. He stated “God is the 
Father of osteopathy and I am not ashamed of the child that is of 
his mind” (7). On the other hand, throughout Osteopathy, Research 
and Practice, Still described the osteopathic physician as a mechanic 
(8). He reasoned that the good osteopathic physician should know 
the cause of the problem, but he was not to waste time on the rea-
son for the cause. Of the tenets of osteopathic medicine, published 
in Kirksville in 1953 (9), the fi rst was equally blunt: the body is a 
unit. It was expanded with the publication of the fi rst edition of 
Foundations of Osteopathic Medicine (10):

The body is a unit; the person is a unit of body, mind and spirit.

In that textbook, Irvin M. Korr, Ph.D., develops further this 
expansion of the concept of unity:

Important and valid as is the concept of body unity, it is incom-
plete in that it is, by implication, limited to the physical realm. 
Physicians minister not to bodies but to individuals, each of whom 
is unique by virtue of his or her genetic endowment, personal his-
tory, and the variety of environments in which that history has 
been lived. The person, obviously, is more than a body, for the 
person has a mind, also the product of heredity and biography. 
Separation of body and mind, whether conceptually or in practice, 
is an anachronistic remnant of such dualistic thinking as that of 
the 17th century philosopher-scientist, René Descartes. It was his 
belief that body and mind are separate domains, one publicly visi-
ble and palpable, the other invisible, impalpable, and private. This
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Oh, morning, at the brown brink eastward, springs—
Because the Holy Ghost over the bent
World broods with warm breast and with ah! bright wings.

In contrast, a scientist might point out that visible red light has a 
wavelength of about 650 nm. At sunrise and sunset, red or orange 
colors are present because the wave lengths associated with these 
colors are less effi ciently scattered by the atmosphere than the 
shorter wave lengths of the colors blue and purple. If the blue 
and violet light has been removed as a result of scattering, red and 
orange are more readily seen. In this example, the sunrise is mea-
surable, and a personal perspective determines the attribution of 
God’s hand, or explanation by scientifi c facts. Much of what we 
deal with in medicine involves issues for which nothing can be 
measured, such as hope, faith, and out of body experiences, which 
engenders lively debate.

With the development of functional magnetic resonance imag-
ing, diverse pharmacologic agents, improved understanding about 
epilepsy, and deep brain stimulation treatments, discreet brain 
regions are now identifi ed that have been associated with language, 
art, and religion. At one end of the spectrum, Francis Collins, head 
of the Human Genome Project, states that molecular biology and 
brain function argue for the existence of a personal God (15). At 
the other end, British neurologist Michael Trimble proposes that 
some of the greatest religious fi gures in history had what were 
probably complex partial seizures (16).

Some individuals who have survived cardiac arrest report out-
of-body experiences during the time of their resuscitation. Some-
times, this is reported by patients following surgery with general 
anesthetic. Experimentally, out-of-body experiences in the brain 
can be repeatedly elicited during stimulation of the posterior part 
of the superior temporal gyrus on the right side using electrodes 
that have been implanted to suppress tinnitus (17). Out-of-body 
experiences may also be reported by sufferers of migraine head-
aches or epilepsy. Recently, neuroscientists have developed meth-
ods to induce an out-of-body experience in healthy volunteers 
using head-mounted video displays that give people a different 
perspective on their own bodies. The sense of touch was used to 
enhance the illusion (18,19). So, when a person describes an out-
of-body experience, did it actually happen, or did this just seem 
to happen, and can it be explained by fi ring of a few neurons? If 
you are taking care of the patient for whom this occurred, does it 
matter?

Francis Collins offers a conciliatory statement to resolve the 
battle between science and religion. “Science is the only reliable 
way to understand the natural world and its tools when properly 
utilized can generate profound insights into material existence. 
But science is powerless to answer questions such as “Why did 
the Universe come into being?” “What is the meaning of human 
existence?” “What happens after we die?” One of the strongest 
motivations of humankind is to seek answers to profound ques-
tions and we need to bring all of the power of both the scientifi c 
and spiritual perspectives to bear on understanding what is both 
seen and unseen” (20).

PRAYER, HEALING, AND MIRACLES

Prayer has long been used as a coping mechanism for illness. A 
survey of more than 31,000 adults indicated that 36% of U.S. adults 
use some form of alternative remedies. When prayer is included in 
the defi nition of complementary and alternative medicine (CAM), 
the number of U.S. adults using CAM rose to 62% (21).

dualistic concept is anachronistic because, while it is almost 
universally rejected as a concept, it is still acted out in much 
of clinical practice and in biomedical research. Clinical and 
biomedical research (as well as everyday experience) has irre-
futably shown that body and mind are so inseparable, so per-
vasive to each other, that they can be regarded and treated as 
a single entity. It is now widely recognized (whether or not it 
is demonstrated in practice) that what goes on (or goes wrong) 
in either body or mind has repercussions in the other. It is for 
reasons such as these that I prefer unity of the person to unity 
of the body, conveying totally integrated humanity and indi-
viduality (11).

SCIENCE AND RELIGION

Judging from what we know of present-day primitive cultures, 
religion, magic, and medical treatment were seen in prehistory as 
inseparable from each other. Primitive man apparently often dis-
tinguished between ordinary conditions (such as old age, cough, 
cold, and fatigue) and illnesses caused by spirits and evil forces that 
required the special services of a medicine man, shaman, or witch 
doctor (12).

Plato (circa 429–347 BCE), a contemporary of Hippocrates, 
a student of Socrates, and the teacher of Aristotle, was one of the 
most infl uential thinkers in the history of the western world. His 
interests were mainly in the nature of the soul and matter. His 
medical speculations were logical but without direct experimenta-
tion. Physicians who supported his doctrine, especially in the third 
century BCE and thereafter, were called dogmatists. For them, rea-
soning superseded observation.

Aristotle (384–322 BCE) was the son of a physician. He, along 
with Hippocrates before him, and Galen afterward, were the prin-
cipal authorities of pagan, Christian, and Muslim medical thought 
until the Middle Ages.

During the Middle Ages, in Judaic thought, disease was 
equated with punishment for sin or with divine disfavor. Early 
Christian churches did little to change this popular viewpoint. In 
some respects, the attitude of the Islam toward the origin of disease 
was similar to the Judeo-Christian idea, in that Allah caused illness 
as punishment for a person’s sins, or for reasons beyond human 
comprehension, but sickness was usually borne without moral 
stigma. While one might hope for miracles through prayer, one 
could also seek divine help through the agency of a physician (13).

In the 17th century, the Age of Reason represented a major 
turning point in the history of science. Instead of asking why things 
occur, scientists turned to how things happened. This represented 
a shift in emphasis from speculation to experimentation. Interpre-
tations became mechanistic and the language of science became 
mathematical (14) René Descartes (1596–1650) promoted ideas 
that would become a transition between the earlier infl uences of 
Aristotle and Galen and the Age of Reason.  The scientifi c approach 
gained momentum during the Industrial Revolution.

The medical profession stands at the door between science and 
religion, at times taking the role of arbitrator, and offering scientifi c 
explanation when the how clashed with religions interpretation of 
the meaning of the event. Remarkable advances of science in the 
last few decades have led to discoveries that were formerly in the 
exclusive realm of religion. This difference in perspective can be 
highlighted by the example of a sunrise. Gerard Manley Hopkins 
(1844–1889), English poet and Jesuit, practiced pantheism; that 
is, he saw God in everything. His famous poem God’s Grandeur 
concludes with this description of a sunrise.
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The MANTRA II study was a randomized trial of 748 patients 
undergoing percutaneous coronary intervention or catheterization 
at nine USA medical centers (26). Three hundred seventy one 
patients were assigned prayer and 377 patients no prayer. Three 
hundred seventy four were assigned music, imagery, and touch 
therapy (MIT) and 374 did not receive MIT. There were four 
study groups: (a) standard care only, (b) prayer only, (c) MIT only, 
and (d) prayer plus MIT. There were no differences in the primary 
composite end point of in-hospital major adverse cardiovascular 
events, 6-month readmission, or death. However, mortality at 
6 months was lower in the MIT therapy than the group with no 
MIT therapy (hazard ratio: 0.35, 95% CI: 0.15–0.82, p = 0.016). 
Patients who received MIT also had a signifi cant decrease in anxi-
ety and emotional distress prior to the catheterization. MIT ther-
apy was administered by practitioners certifi ed in level 1 Healing 
Touch (27).

The outcomes for intercessory prayer were summarized in two 
systematic reviews. The Cochrane database summarized 10 studies 
(N = 1,646) (28). Individual studies did fi nd some effects. Most 
data were equivocal. Evidence presented prompted the authors to 
say it was interesting enough to suggest that further study is war-
ranted into the human aspects of the effects of prayer. The review 
concluded that it is impossible to improve or disprove in trials any 
supposed benefi t that derives from God’s response to prayer. The 
results of the review and meta-analysis of prayer and health by 
Masters and Spielmans (29) are presented in Figure 28.1.

Forest plots and confi dence intervals for 15 trials are summa-
rized. When the studies are combined, the effect does not reach 
statistical signifi cance. In addition to evaluating distant interces-
sory prayer, they also considered the frequency of prayer, content of 
prayer, and prayer as a coping strategy. In these categories, not all 
evidence regarding prayer is positive. The authors conclude that a 
highly developed model of prayer as coping would include integra-
tion of other aspects of the individual’s personality, cognitive abili-
ties, physical skills, and socioenvironmental context.

The large-scale review by Jonas and Crawford, Healing, Inten-
tion and Energy Medicine (30) goes beyond intercessory prayer and 
healing prayer to include mind–matter interactions, qigong, and 
the therapeutic effects of music. No well-designed, well-conducted 

Prospective randomized trials can be evaluated in terms of 
spirituality, worship service attendance, frequency of prayer/medi-
tation, and intercessory prayer. In a study of 503 patients with acute 
myocardial infarction who had depression or low social support, 
there was no evidence that self-reported spirituality, frequency of 
church attendance, or frequency of prayer is associated with car-
diac morbidity or all-cause mortality (22). Although measurable 
outcomes in terms of mortality or morbidity do not occur, prayer 
has been demonstrated to provide a coping mechanism for cardiac 
surgery patients, likely mediated through optimism (23). Jantos and 
Kiat (24) suggest four plausible mechanisms whereby there may 
be a benefi t: (a) a relaxation response, (b) placebo, (c) expression 
of positive emotions, and (d) a channel for supernatural interven-
tion. These authors conclude that spirituality has an impact on the 
health and well-being of individuals, and this needs to be refl ected 
in patient care. Patients consider prayer and spiritual issues to be 
important, and they yearn for open dialogue with their caregivers 
concerning important spiritual beliefs and practices. Such informa-
tion may be relevant to understand a patient’s resources for coping 
with illness.

Intercessory prayer has been the subject of suffi cient study 
that large-scale, multicenter randomized controlled trials are avail-
able now to assess intercessory prayer with other noetic inter-
ventions (healing practices that are not mediated by tangible 
elements).

The STEP study was a randomized controlled trial of 1,802 
patients undergoing coronary artery bypass surgery at six U.S. 
medical centers (25). Two third of the patients were told they 
might receive prayer on their behalf; one half of these patients 
received intercessory prayer and half did not receive prayer. A third 
of the patients received prayer after being told they would receive 
it. Prayers were performed by members of three religious groups 
remote from the hospital. At 30-day follow-up, 1,201 patients did 
not know whether they had received prayer. Fifty-two percent of 
the people who actually received prayers suffered surgical complica-
tions. Fifty-one percent of the patients who did not receive prayer 
suffered complications. Six hundred and one patients knew they 
received prayers, and 59% of them suffered complications (relative 
risk 1.14, 95% CI: 0.02–1.28).
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Figure 28-1 The effects of distant intercessory prayer 
summarized for 15 individual studies.  The effect size 
and confi dence intervals for each individual study is 
shown. Open circles to the right of the zero identity 
line represent effect sizes that favor intercessory prayer, 
while those to the left favor control patients. The overall 
combined effect is shown in the solid circle at the bot-
tom of the fi gure. From Masters and Spielmans (28).
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randomized controlled trials demonstrated statistically signifi cant 
benefi cial effects of any of these interventions.

A PARADIGM SHIFT?

Readers are cautioned against drawing the conclusion that this 
discussion of science and religion lays out a simple confl ict. 
Because science is expressed by humans, its implementation may 
refl ect some unscientifi c behavior. One example demonstrates bias. 
Years ago, a delegation from Jehovah’s Witness, a religious group 
that does not permit its members to receive blood transfusions, 
made a presentation to a hospital staff, indicating that the staff 
performed too many blood transfusions. The initial response from 
the staff was negative: all transfusions seemed appropriate and met 
standard scientifi c guidelines. The transfusion committee agreed. 
In turn, Jehovah’s Witness representatives pointed out that preop-
erative preparation and intraoperative techniques, including use of 
cell savers, could eliminate many transfusions. In the end, everyone 
won. The staff adopted the recommendations, and surgery became 
safer for Jehovah’s Witness patients, and other patients were spared 
unnecessary transfusions.

A more daunting example of how science may be reported to 
us comes from observations reported over the past few years from 
the National Institutes of Health, the Center for Disease Control, 
and other institutions that receive funding from the federal gov-
ernment. Recently, scientists have reported unprecedented pressure 
from governmental bodies to reconfi gure scientifi c reports to con-
form to political viewpoints. Over the past decade, several national 
and international medical publications reported another trouble-
some problem: information presented as scientifi c fact may not be 
so, since drug companies concealed the degree to which informa-
tion was selectively presented.

Religion may employ some values benefi cial to science. 
Although science is morally neutral, the inventions of science, such 
as weapons of mass destruction and stem cell research, challenge 
our society because of the threat they pose without alignment to 
some moral or ethical context, which may be supplied by reli-
gion. At the same time, many religions would be well served by an 
attitude expressed by the Dalai Lama, “…certainly some specifi c 
aspects of Buddhist thought will have to be modifi ed in the light of 
new scientifi c insights” (31).

The scientifi c study of prayer may lead to a paradigm shift, 
one that is likely to be more obvious to the nonbeliever. Multiple 
randomized, controlled trials show that intercessory prayer does 
not have measurable benefi t in clinical outcomes. This should not 
be a challenge to religious faith. Research studies often start out 
with “hard” endpoints, such as death or length of survival; later 
they move to “soft” outcomes, some of which are more impor-
tant to patients, such as quality of life. In this regard, future stud-
ies of noetic interventions might assess nonclinical outcomes, 
such as happiness, hope, and acceptance, in the face of adver-
sity, at least some of which have been described as fruits of the 
spirit (32).

APPROACH TO SPIRITUALITY IN PATIENT CARE

Although health professionals may be uncomfortable taking a 
spiritual history and assessment of a patient, patients expect it 
and others may welcome it. Further, the Joint Commission for the 
Accreditation of Healthcare Organizations requires that spiritual 
assessment be made for each patient admitted to an acute care hos-
pital or nursing home, or seen by a home health agency.

Spiritual assessment should, at a minimum, determine the patient’s 
denomination, beliefs, and what spiritual practices are important 
to the patient. This information would assist in determining the 
impact of spirituality, if any, on the care/services being provided 
and will identify if any further assessment is needed. The standards 
require organizations to defi ne the content and scope of spiritual 
and other assessments and the qualifi cations of the individual(s) 
performing the assessment (33).

The World Health Organization has established a quality of life 
instrument to assess facets of spirituality, religion, and personal 
beliefs (34).

Surveys of patients in an ambulatory setting indicate that many 
but not all patients welcome a carefully worded inquiry about their 
spiritual or religious belief in the event that they become gravely 
ill (35). As a general statement, patients who were more interested 
having their physician address this topic had a serious or life-
threatening illness, and were in general not interested in this at a 
routine offi ce visit (36). Writing on behalf of the Working Group 
on Religious and Spiritual Issues at the End of Life, Bernard Lo, 
M.D., et al. (37) offered a practical guide for physicians to discuss 
religious and spiritual issues at the end of life. They address four 
topics:

1. Some patients may explicitly base decisions about life-sustaining 
interventions on their spiritual or religious beliefs. Physicians 
need to explore those beliefs to help patients think through 
their preferences regarding specifi c interventions.

2. Other patients may not bring up spiritual or religious concerns 
but are troubled by them. Physicians should identify such 
concerns and listen to them empathetically, without trying to 
alleviate the patient’s spiritual suffering by offering premature 
reassurance.

3. Some patients or families may have religious reasons for insist-
ing on life-sustaining interventions that physicians advise 
against. The physician should listen and try to understand the 
patient’s viewpoint. Listening respectfully does not require the 
physician to agree with the patient or misrepresent his or her 
own views.

4. By responding to patient’s spiritual and religious concerns and 
needs, physicians may help them fi nd comfort and closure near 
the end of life.

The question “Are you at peace?” has been suggested as one item 
that can be used to initiate a discussion of spiritual concerns at the 
end of life (38). Asking patients about the extent to which they 
are at peace is a starting point to assess spiritual concerns. It gives 
the patient the opportunity to indicate if they are at peace with 
God, at peace with their personal relationships, or at peace with 
themselves. In turn, the physician can then direct additional ques-
tions to the patient’s response in terms of traditional and nontra-
ditional defi nitions of spirituality, psychological concerns, or topics 
the patient might list as disturbances of peace, including fi nancial 
and family issues, etc.

The spiritual needs of children have been less well evaluated. At 
least for those with complex health care needs in the hospital, there 
seems to be a need for health care professionals to recognize that 
children have spiritual needs that can include religious beliefs (39). 
A comprehensive text on spirituality and patient care has recently 
been published in its second edition (40) and is recommended to 
the interested reader who wishes to pursue this topic further.
A summary of this discussion in the form of aphorisms is given in 
Box 28.1.
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SUMMARY

A defi nition of spirit as “an animating or vital principle” is useful 
because it can be productively viewed from a broad range of per-
spectives. The scientist, the atheist, the existentialist, and the reli-
gious person can all use this as a starting point. While the physician 
will have his or her own perspective, the patient will represent a 
primary focus.

Many people choose to take an intentional or mindful approach 
to the life journey incorporating to some degree what Plato called 
“the examined life.” They establish a process of discerning the degree 
to which their own life is aligned with this animating principle. 
A survey of poetry, art, music, religion, philosophy, and even “the 
school of hard knocks” makes clear the rich human experience in 
the pursuit of this path. For young people, preoccupied with the 
development of the ego, their question may be “Who am I?” Half-
way through life, some people awake one day with the question “Is 
this all there is?” This characteristic of the midlife crisis may be 
approached in terms of alignment with the animating principle, 
or with renewed efforts in the materialistic quest (red sports car, 
fl oozy romantic love interest), in which case a second midlife crisis 
may later appear!

No matter what the person’s age, serious, potentially fatal ill-
ness represents a threat to this animating principle that may call 
forth powerful personal responses: “What does it all mean?” “Will 
I ever get better?” “Has my life been worthwhile?” “What happens 
after I die?” Appropriately, many patients change their orientation 
in order to enhance this animating force, according to their under-
standing and the nature of their illness. For example, some will seek 
any and all forms of treatment that might extend their life, whether 
or not it is of proven value. Others, for example the young man or 
woman who has survived his or her fi rst heart attack, may fi nally 
adopt the heart-healthy lifestyle they have been hearing so much 
about. Another may choose at this time to decline chemotherapy 
or dialysis and spend the rest of her or his time with family and 
friends.

The effective physician is likely to be one who spends some time 
focusing on these issues; personal growth is a component of profes-
sionalism. (See Chapter 26, Professionalism.) The astute clinician 
is likely to be a keen observer of how other people have pursued this 
basic question. Of the many examples extant (heroes, saints, parent 
fi gures), individual patients may be some of the best guides. Physi-
cians should always be aware that their role is to enhance the patient 
in his or her quest and not to promote their own value system.

Many of the issues raised by patients represent profound 
questions, and our answers are not much better now than when 
they were fi rst raised thousands of years ago. We can help with two 
of them. When the patient asks if they will get better or be cured, it 
is helpful to understand our role in healing and our contribution to 
health and wholeness. The nature of the human condition is such 
that illness and disease do occur. Physicians can do much to help 
patients move toward the understanding of wholeness and recog-
nition that health includes our adaptation to the presence of some 
illness, whether it is a consequence of aging, or a disease process.

When the patient asks what happens when he or she dies, we 
cannot address what occurs after their death. We can speak to what 
happens while they die. And, there, we can always provide com-
fort. No physician should use the term “I have nothing more to 
offer.” When patients reach the fi nal stages in their life, the world 
of medicine has a wealth of resources to alleviate pain and provide 
psychological and emotional support. These include hospice care, 
hospital or outpatient spiritual support services, and pastoral care 
by clergy and laity (see Chapter 31).
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Patient-Centered Model
RICHARD BUTLER

INTRODUCTION

Proposed tenets of osteopathic medicine and principles for patient 
care (Rogers et al., 2002) have put forth that “a person is the 
product of a dynamic interaction between body, mind and spirit,” 
and that “the patient is the focus for healthcare.” These tenets 
direct osteopathic students and practitioners to provide care to 
patients that may be described as “whole patient” care or “patient-
centered care.”

The purpose of this chapter is to guide the student through a 
defi nition of patient-centered care from multiple perspectives and 
to review the evidence identifying the effi cacy of such an approach. 
We will also review the striking evidence that it is common for 
patients in today’s health care system to experience care that is not 
patient centered. The clinical skills and system changes needed to 
ensure the delivery of a more patient-centered approach to care will 
also be discussed.

PATIENT-CENTERED CARE IN THE CONTEXT 
OF THE MEDICAL ENCOUNTER

Patient-centered care within the context of the medical encounter 
has been defi ned and described by many. Perhaps the earliest 
proponent of an expanded model of medical care in the United 
States was George Engel (1977, 1980). Dr. Engel articulated 
the limitations of applying a strict biomedical conceptualiza-
tion to patients presenting with medical illness. He developed an 
approach to care that he defi ned as the biopsychosocial model. 
The application of this model to the medical encounter has been 
described as patient-centered care (Stewart, 2003, p. 123) or rela-
tionship-centered care (Tresolini and the Pew-Fetzer Task Force, 
1994).

In its essence, patient-centered care may be viewed as a core 
value implemented through a set of clinical skills. Information 
and involvement are at the heart of the patient-centered model. 
Patients are encouraged to express their values and preferences 
prior to the implementation of diagnostic or therapeutic interven-
tions. The physician uses a cluster of communication skills with the 
specifi c intent of (a) identifying and responding to patients’ ideas 
and emotions regarding their illness and (b) reaching common 
ground about the illness, its treatment, and the roles that the physi-
cian and the patient will assume (Epstein, 2000). This is consistent 
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■ Osteopathic principles and philosophy call for a patient-centered approach to the medical encounter.
■ Patient-centered care is more than a set of definable communication skills; it is a value that endorses the 

importance of providing information and facilitating patient involvement.
■ Medical encounters often fail to provide patient-centered care.
■ Patient-centered skills can be learned; however, the influence of improving patient-centered communication on 

health outcomes is less clear.
■ Patient perception that they have found common ground with their physician appears to be an essential aspect 

of the patient-centered method.

with the practice and application of evidence-based medicine, one 
component of which is the assessment of patient values. (Sackett 
et al., 2000, p. 1)

Patient-centered care is in contrast to a more prevalent model 
in health care that may be best described as benevolent paternalism: 
an approach to care where the well-meaning physician determines 
what is best for the patient and applies diagnostic and therapeutic 
interventions with little or no dialogue between the patient and 
physician (Braddock et al., 1999; Coulter, 1999). Benevolent pater-
nalism is recognized when clinicians make statements to patients 
such as, “It is time for your mammogram,” or “You need to have a 
colonoscopy,” or “Your hemoglobin A1C should be below 7.5%.” 
These statements represent possible choices that patients can make 
in their care, each with its own potential for benefi t and harm. A 
patient-centered approach would engage patients in the evaluation 
of these choices, identifying the opportunity for benefi t and risk 
juxtaposed against the relative value or importance of the choice 
given the overall state of the patient’s life at the time (Austoker, 
1999). Although diffi cult for many physicians to grasp, now is not 
always the right time for a patient to quit smoking, reduce their 
drinking, start a diet, begin exercising, start a new blood pressure 
medication, engage in screening, or practice stress reduction tech-
niques (Rollnick et al., 1999, pp. 34–36).

The patient-centered approach encourages physicians to cul-
tivate healing relationships based on who the patient is rather 
than who the physician would have him be (Epstein, 2000). 
This method, however, is not a simple passive acceptance of 
each patient, but a skilled and directive approach to the doctor–
patient relationship based on respect, empathy, and a shift toward 
power sharing with the goal of enhancing and optimizing patient 
health.

Stewart (2003) has described six interactive components of the 
patient-centered method:

1. Exploring both the disease and the illness experience
2. Understanding the whole person
3. Finding common ground
4. Incorporating prevention and health promotion
5. Enhancing the patient–doctor relationship
6. Being realistic

Specifi c communication skills are utilized to facilitate the imple-
mentation of these components.
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23.1 seconds. The patients in the sample who were allowed to 
complete their initial statement of concern took an average of only 
6 more seconds to do so. In addition, interrupting patients increased 
the risk of late arising concerns by more than twofold (the patient 
who at the end of a visit states, “Doctor, did I tell you that I am 
also having chest pains?”), resulting in an ineffi cient and potentially 
dissatisfying encounter for both the patient and the physician.

Agenda setting and other communication skills were evalu-
ated in emergency room encounters by Rhodes et al. (2004). These 
investigators analyzed 93 emergency department encounters per-
formed by 24 emergency medicine residents and 8 nurses. The 
physicians in this sample failed to introduce themselves in one 
third of the encounters and indicated their level of training in only 
8%. Only 20% of patients were allowed to complete their present-
ing complaint without interruption; the remaining 80% patients 
were interrupted in a mean of 12 seconds. Discharge instructions, 
an important component of emergent and urgent medical encoun-
ters, lasted 76 seconds on average (7 to 202 seconds). Only 16% of 
patients were asked if they had any further questions and clinicians 
never confi rmed patient understanding.

The exploration of the emotional aspects of illness, known 
as empathic communicationis another important component of 
the patient-centered method. Suchman et al. (1997) evaluated 
empathic communication in 23 encounters performed by general-
ist physicians in outpatient settings. The investigators found that 
patients rarely expressed emotions directly, but tended to offer 
indirect clues to the emotional impact of their illness. Physicians 
commonly ignored the emotional content offered by patients, often 
diverting the conversation back to the exploration of the biomedi-
cal aspects of the encounter. Physician failure to acknowledge emo-
tional content frequently resulted in patients engaging in repeated 
attempts at emotional expression, often with increasing intensity, 
placing effi ciency and satisfaction within the encounter at risk.

In a similar study, Levinson et al. (2000) found that physician 
failure to respond to emotional clues presented by patients in pri-
mary care and surgical settings resulted in encounters that tended to 
last longer compared to encounters where emotional expression was 
acknowledged and facilitated. Taken together, these observations 
suggest that the expression of emotion appears to be an important 
and perhaps essential aspect of the medical encounter for many 
patients. These results should challenge the common assumption 
that allowing patients to express emotions will cause physicians to 
lose control of the direction and duration of the medical encounter.

Involving patients in medical decision making is another com-
munication element at the heart of the patient-centered approach. 
Braddock et al. (1999) evaluated the nature and completeness of 
informed decision making in 1,057 routine medical encounters 
with 59 primary care physicians (family practice and general inter-
nal medicine) and 65 general and orthopedic surgeons. The inves-
tigators developed a taxonomy of decision making, recognizing 
that medical decisions vary in terms of complexity and uncertainty. 
Seven elements of informed decision making were identifi ed. 
Through a consensus process, the authors determined which of 
these elements should be included for decisions of varying com-
plexity. A medical decision was defi ned as “complete” if all of the 
required elements were present. Basic decisions, such as checking 
a TSH level in patients on thyroid replacement therapy or elec-
trolytes in patients on antihypertensive therapy, were considered 
complete if only two of the seven elements were present: discuss-
ing the nature of the decision and asking the patient to voice a 
preference. Complex decisions, such as prostate cancer screening 
or genetic testing for breast cancer risk, should include all seven of 
the elements.

PATIENT-CENTERED CARE IN THE BROADER 
CONTEXT OF SYSTEMS OF CARE

There is increasing concern that our current system of health care 
fails to deliver consistently safe and effective patient-centered care. 
Perhaps the most visible light focused on this problem came with 
the publication of Institute of Medicine’s (IOM) report, To Err 
Is Human (Kohn et al., 2000). This report described a dysfunc-
tional and disintegrated health care system where the risk for harm 
to patients is real and often not appropriately addressed. In the 
follow-up publication, Crossing the Quality Chasm: A New Health 
System for the 21st Century, the IOM called for reform to ensure 
safe, effective, patient-centered, timely, effi cient, and equitable 
health care delivery. Patient-centered care was defi ned as, “provid-
ing care that is respectful of and responsive to individual patient 
preferences, needs, and values and ensuring that patient values 
guide all clinical decisions” (Committee on Quality Health Care in 
America, Institute of Medicine, 2001, pp. 39–40).

Other national organizations have joined in the call for a more 
patient-centered health care system. The Institute for Healthcare 
Improvement has defi ned “ten simple rules” to guide reform (Insti-
tute for Health Care Improvement, 2008). The fi rst four of these 
rules identify components that are recognized as the foundations of 
a patient-centered model of medical care: (1) care is based on con-
tinuous healing relationships, (2) care is customized according to 
the patient needs and values, (3) the patient is the source of control, 
and (4) knowledge is shared and information fl ows freely.

The American Osteopathic Organization, in collaboration 
with other professional societies, is calling for the development of 
new model of primary care delivery known as The Patient-Cen-
tered Medical Home (PC-MH) (American Academy of Family 
Physicians, American academy of Pediatrics, American College 
of Physicians, and American Osteopathic Association, 2007). The 
PC-MH is based on seven guiding principles, one of which is a 
“whole person orientation.” In this model, the primary care physi-
cian is placed at the center of a system designed to provide coordi-
nated and integrated comprehensive care for patients of all ages.

Other proposed changes to enhance patient-centered care 
at a system level include allowing patients to schedule their own 
appointments and providing open access to their electronic medical 
record. New models for chronic disease management that include 
group visits and coaching patients to become more engaged 
and active in the medical encounter are also being implemented 
(Bergeson and Dean, 2006).

THE CURRENT STATE OF DOCTOR-PATIENT 
COMMUNICATION

When one begins to look inside the medical encounter for evidence 
of patient-centered communication, a concerning picture starts to 
arise. For example, investigators have studied how well physicians 
assess the reasons why patients present for medical care in different 
clinical settings. This task, which should occur early in a medical 
encounter, is known as assessing the patient’s agenda and is a basic 
component of patient-centered care.

Agenda setting in primary care visits was assessed by Marvel 
et al. (1999). The investigators evaluated 264 medical encounters 
performed by 29 board-certifi ed family physicians. The physicians 
in this sample failed to elicit the patient’s initial statement con-
cern in 25% of the encounters. In the 75% of encounters where 
the agenda was assessed, physicians allowed patients to complete 
their initial statement of concern only 28% of the time, with the 
remaining patients being interrupted and redirected after a mean of 
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Perhaps the most important and effective educational approaches 
will be achieved through the integration of comprehensive com-
munication curriculum into medical school curriculum when stu-
dents are still forming their professional identity (Kalet et al., 2004; 
Yedidia et al., 2003). Indeed, most if not all medical schools have 
formal communication skills curriculum and methods to assess the 
acquisition of these skills. Whether these skills can be maintained 
when students are placed into the “real world” of clinical medicine 
is not entirely clear.

Although it is apparent that educational interventions are 
able to change physician and patient communication in the medi-
cal encounter, it remains less clear if these changes actually result 
in measurable differences in medical outcomes. In an attempt to 
answer this question, Griffi n et al. (2004) conducted a systematic 
review of randomized controlled trials evaluating the impact of 
communication interventions on changes in measurable health out-
comes or satisfaction. Communication interventions were directed 
at patients, practitioners, or both. Measurements of changes in 
the communication process evaluated either patient participation 
in the encounter, such as question asking or information seeking, 
or changes in physician communication style, such as address-
ing psychosocial issues or attending to patient emotion. A range 
of outcome measures were evaluated with some studies including 
more than one assessment. Changes in health outcomes included 
the evaluation of objective measures of disease processes such as 
change in blood pressure or glucose control, or changes in subjec-
tive measures of illness experiences such as self-reported symptoms 
of anxiety, depression, functional status, well-being, and quality of 
life. Other health-related outcome measures included changes in 
cost, patient knowledge, and adherence to treatment. Changes in 
satisfaction usually involved measurements of patient satisfaction 
with the process and outcomes of care.

The authors screened more than 21,200 reports and performed 
a full assessment of 148 of these to identify 35 trials that met their 
inclusion criteria. The quality of the reviewed and included trials 
varied considerably and rigorous outcome measurements were lack-
ing in many of the studies. Most of the trials occurred in primary 
care settings and included patients with common chronic medical 
problems. Median follow-up time was only 4 weeks. Only four of 
the trials that utilized objective measures of health outcomes met 
all of the prespecifi ed quality criteria.

Communication process improved to a signifi cant degree in 
22 of 30 (73%) of the trials that evaluated these measures. How-
ever, in six trials, at least one measurement of communication 
process deteriorated. Objective measures of health outcomes, 
including HBA1c levels, blood pressure control, and cholesterol 
levels, favored the intervention group in fi ve of six trials (83%). 
Subjective measures of health outcomes, including pain ratings, 
functional status, well-being, and other psychological symptoms 
such as depression and anxiety, favored the intervention group in 
21 of 25 trials (84%). Neither of the two studies that measured 
medication adherence favored the intervention group. Patient sat-
isfaction with the process of care was higher in the intervention 
group in 17 of the 27 (63%) trials that assessed this outcome. In 
contrast, satisfaction increased in control group in 7 of the 27 trials 
(23%).

The authors concluded that although there is signifi cant evi-
dence to support the concept that interventions directed at chang-
ing the process of communication between doctors and patients 
can lead to a more patient-centered style, the infl uence of these 
changes on health-related outcomes is variable and less certain. It 
is clear from this review that there remains a signifi cant need for 
more and higher quality research before one can state with a degree 

The 1,057 encounters included 3,552 decisions, 1,857 of 
which were basic, 1,478 were intermediate, and 217 were complex. 
About one in fi ve (17.2%) of the “basic decisions” contained the 
two required elements for completeness and only one of the “com-
plex decisions” in the entire sample contained the required seven 
elements.

In a type of secondary analysis, the investigators asked how 
often the two essential elements required for basic decisions were 
present in any decision, regardless of complexity. For this analy-
sis, any decision making was defi ned as complete if the physician 
simply discussed the nature of the decision and asked the patient 
to voice a preference. An example of complete decision making 
at the most basic level might be, “Because of your age, we should 
probably check a PSA level. Is that OK with you?” Although two 
component basic decision making could be viewed as the moral 
minimum for any decision, only one in fi ve decisions (20.4%) in 
the entire cohort, regardless of the level of complexity, met this 
very basic level of completeness. Surgeons tended to outperform 
primary care physicians (21.8% vs. 18.9% complete, respectively), 
but results for both groups were shockingly low. If patient-centered 
care is performed on a platform of information and involvement, 
this evidence suggests that current medical care frequently falls 
short of the ideal.

On perhaps a more positive note, some evidence suggests that 
osteopathic physicians might be more patient-centered compared 
to our allopathic counterparts. Carey et al. (2003) evaluated audio-
tapes of 54 medical encounters with 11 osteopathic and 7 allopathic 
physicians to determine if osteopathic and allopathic primary care 
physicians differed in a communication style. In a blinded analysis, 
osteopathic physicians were more likely to discuss preventive mea-
sures, health issues in relation to family life and social activities, and 
the patient’s emotional state compared to allopathic physicians. 
These results suggest that osteopathic principles and training are 
congruent with the patient-centered approach.

EVALUATING THE EFFECT OF 
PATIENT-CENTERED COMMUNICATION 
ON MEDICAL AND HEALTH OUTCOMES

Although it is clear that communication problems in the medical 
encounter are common, it may be less clear if educational inter-
ventions can improve physician communication behavior or if 
improved communication will result in improved health outcomes. 
Before one can suggest wide-ranging changes in the structure of 
the doctor-patient encounter, some evidence of feasibility and 
benefi t should exist.

Rao et al. (2007) performed a systematic review to evaluate 
the effectiveness of communication interventions on subsequent 
communication behaviors in the medical encounter. The authors 
identifi ed 36 randomized controlled trials that met their inclusion 
criteria. Educational interventions varied and focused on physi-
cians only, patients only, or a combination of both and may have 
utilized one or more educational strategies of varying intensity. In 
general, physicians exposed to the various interventions tended to 
exhibit more patient-centered behaviors and receive higher global 
ratings of their communication. When patients were the tar-
get of the interventions, they tended to be more involved during 
the encounter and obtain more information compared to control 
patients. However, the investigators noted that many of the effec-
tive interventions required fairly intense educational efforts and 
recognized that easy integration into a busy practice setting may 
not be feasible.
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of certainty that patient-centered communication will consistently 
lead to improved health outcomes.

Our understanding of what constitutes the essential compo-
nents of the patient-centered method was deepened by a well-
designed observational cohort study performed by Stewart et al. 
(2000). Medical encounters between 39 family physicians and 319 
of their patients were evaluated to determine the infl uence of both 
objective measures of physician-patient communication and sub-
jective measures of patient perception of patient centeredness on 
health-related outcomes and the subsequent utilization of medi-
cal resources. Audiotapes of the medical encounters were scored 
for the degree of patient-centered communication in the follow-
ing three domains: physician exploration of the disease and illness 
experience, understanding the illness in the context of the whole 
person, and fi nding common ground. Immediate postencounter 
interviews were conducted with the patients to determine their 
perception of the patient centeredness of the visit. The investiga-
tors developed a total patient-centeredness score and two subscores 
rating the exploration of the disease and illness, and the fi nding of 
common ground. The utilization of medical care resources during 
the subsequent 2-month period was assessed by determining the 
use of diagnostic testing and referrals related to the main complaint 
of the visit and the number of return visits to the physician. Health 
outcomes included patient ratings of symptom severity and level 
of concern immediately postvisit and in telephone interviews con-
ducted 2 months later.

In a somewhat surprising fi nding, objective ratings of patient-
centered communication from audiotape analysis failed to corre-
late with either subsequent resource utilization or patient-reported 
health outcomes. However, subjective measures of the patient’s 
perception of patient centeredness were associated with decreased 
postvisit levels of discomfort and concern about symptoms and 
improved mental health scores at two months. Subsequent health 
care utilization was also infl uenced by the perception of patient cen-
teredness. Patients who perceived the encounter to be more patient 
centered were 40% less likely to receive diagnostic tests and 50% 
less likely to be referred. This relationship was even stronger for 
the subscore of reaching common ground where there was an 80% 
reduction in diagnostic testing and 60% reduction in referrals.

This study seems to indicate that patient perception may be 
far more important than objective counts of the occurrence of 
specifi c communication skills. It appears that the physician striv-
ing to improve health outcomes through a more patient-centered 
approach should continually ask themselves and the patient, “Are 
we achieving common ground in this encounter?”

IMPROVING THE PATIENT-CENTERED 
APPROACH

There are several well-accepted models designed to help students 
and physicians conceptualize and learn the essential communica-
tion tasks and skills of a more patient-centered medical encounter. 
Most medical schools have identifi ed one of the accepted models 
and have developed structured curriculum based on essential texts 
and readings. It is beyond the scope of this chapter to discuss these 
models in depth; rather, each medical student must engage in the 
curriculum at his or her school. The following suggestions have 
been derived from the synthesis of several models, as well as clini-
cal experience.

The fi rst step in any encounter, for new or return patients, 
and regardless of the setting, is to invest in the beginning. This 
is accomplished by assessing the patient’s agenda early with the 
use of open-ended questions. An example for a new patient might 

be (after you have introduced yourself to the patient), “How were 
you hoping that I can help you?” Facilitative comments are used 
to ensure that the patient has given you a complete statement of 
their concerns. For example, a patient may be presenting with 
a complaint of headaches. After you have heard a bit about the 
nature of the initial problem, it is important to stop the patient 
and check for additional concerns. The physician might say, “So 
it sounds like the main reason for your visit today is headaches. 
Before I learn more about them, it’s helpful for me to know if there 
are other concerns that you may have. What else is on your mind?” 
For return appointments, it is appropriate to acknowledge that you 
may have requested the follow-up visit, while still being sure to 
assess the patient’s agenda for new concerns or complaints. An 
example might be, “The reason I asked you to come back was to 
see how you were doing with the adjustment in your insulin dose. 
But before we start, how about you, what do you want to be sure we 
accomplish in today’s visit?” Or, “In addition to checking on your 
diabetes, what other issues are on your mind that we may need to 
talk about today?” I also fi nd it helpful to check with the patient 
later in the encounter to be sure we are meeting our mutual agenda. 
“So, if we accomplish these three things today, will that meet your 
needs?”

Even when the reason for the visit is quite clear and focused, 
such as in an emergency department, it may still be appropriate to 
initiate the encounter with an open-ended question. An example 
might be, “The nurse tells me that you have a pretty bad injury 
to your hand. Before I take a look, how are you holding up?” The 
question, “How are you holding up?” is particularly useful in emer-
gency room settings because it actively encourages patients to dis-
close emotional aspects of their illness and will create opportunities 
for the physician to offer brief moments of support and empathy in 
what is often an emotionally charged environment of care. While 
examining the laceration, the physician can effi ciently assess the 
patient’s complete agenda by stating, “It’s clear this laceration is 
the main reason you came in. However, it’s helpful for me to know 
if there are any other concerns that you may want to tell me about 
while we get you fi xed up. What else is going on?”

As the studies described earlier point out, patients often fail to 
directly verbalize the emotional content of their illness. It is there-
fore important to be alert to and acknowledge nonverbal expres-
sions of emotion and create opportunities for patients to talk about 
their feelings. These conversations do not need to be long or domi-
nate the discussion of medical topics. Brief comments like, “you 
seem uncomfortable” or “you have been suffering a lot with these 
headaches” gives the patient permission to describe the more com-
plicated and frightening aspects of their illness. As mentioned ear-
lier, failure to acknowledge the emotional domains of illness may 
prolong the encounter and harm satisfaction. Remember, there is 
a human relationship embedded within every doctor–patient rela-
tionship.

Education and the involvement of patients in medical deci-
sion making is another essential and moderately complex task. 
An in-depth discussion of this area is beyond the scope of this 
chapter. However, a few comments may be helpful. As physicians 
offer diagnostic and therapeutic options and advice to patients, it 
is important to recognize that it is perhaps the norm for patients 
to feel some degree of ambivalence about many of these decisions, 
particularly more complex decisions. Simply refl ecting this ambiv-
alence can be very helpful to patients. An example might be, “On 
the one hand you can see your blood pressure is remaining elevated 
and that is concerning to you. You worry about having a stroke like 
your father and you would like to keep that from happening to you. 
And yet on the other hand you do not really like taking medication. 
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It’s expensive and it seems that it makes you feel tired and not like 
yourself. You don’t like the thought of adding a new pill to the two 
that you are already taking. Do I have that right?” You can then ask 
patients. “What do you see as your options?” or “How can I help 
you with this decision?”

It can also be helpful to present a menu of choices while creat-
ing space for the patient to decide. An example might be, “I see 
three options for your blood pressure that all seem reasonable 
and safe in the short run, and maybe there are some that I haven’t 
thought about. The fi rst would be to keep things the same and 
watch what happens to your blood pressure readings. A second 
approach might be to work a bit harder on diet and exercise and to 
really be sure that you are taking all of your pills as prescribed. A 
third would be to add a new pill. What are your thoughts? Do any 
of these options sound reasonable, or do you see others we may not 
have talked about?”

An approach that may be helpful and effi cient when discussing 
higher complexity decisions, such as the acceptance of screening, is 
to talk to patients about groups of people and then ask the patient 
to decide which, if any, group they see themselves most likely to fi t 
into. An example might be, “There are some patients who value 
doing all they can to lower their risk of dying from a cancer like 
colon cancer. These patients see the benefi ts of screening and are 
willing to undergo these tests even in the face of some uncertainty 
about the benefi ts and acknowledging the small, but real potential 
for harm. They, for the most part, choose to undergo screening. 
And then there are other patients who do not feel so strongly. They 
tend to be more concerned about the potential risks for harm and 
tend to want to avoid undergoing tests and medical procedures. 
They are willing to accept the small but real risk that some day they 
may develop a cancer that might have been helped or even cured by 
screening. These patients, for the most part, choose not to undergo 
screening. How about you? What group do you see yourself fi tting 
into? And is there more information that you might need to help 
you decide?”

All medical encounters should conclude with some review of 
what has transpired and the plans for ongoing and follow-up care. 
It may be helpful to have patients summarize their understanding 
prior to leaving. At a minimum, it is clearly helpful to check with 
patients by asking, “Does today’s plan make sense?” followed by the 
more open-ended question, “What other questions do you have?” 
Asking the patient about any concerns regarding the treatment plan 
can be very enlightening. It actively pulls for the emotional content 
of the patient’s illness and may provide insight to important issues 
that could hinder compliance. It will again offer brief opportunities 
to provide empathy and support to patients.

And lastly, the task of understanding the whole person in the 
context of a medical encounter is greatly facilitated by asking the 
simple question, “What would you like me to know about you as a 
person?” This question appears to be best asked early in the encoun-
ter after the patient’s initial agenda has been assessed. I will often 
structure the question in the following manner: “So it seems that 
the main issues that bring you here today are your blood pressure, 
your diabetes, and the back pain that has been troubling you. Do 
I have that right? Before we explore these medical topics in more 
depth, I am wondering if I could learn a bit about you as a person. 
What would you like me to know about you?” This question can 
be both refreshing to patients and at times unsettling. Patients who 
have never been asked such a question by a physician may respond 
with some defensiveness by asking, “What do you mean? What do 
you want to know?” I gently stay with the question by refl ecting, 
“Anything. Anything you would like me to know?” Sometimes I 
ask patients, “What do you love to do?” These discussions do not 

need to last long, but the simple process of a doctor actually being 
curious about a patient beyond their symptoms and illness can 
facilitate patient engagement in the encounter and the perception 
of being on common ground. It is this kind of information that 
allows a doctor to really know their patient.

SUMMARY

The time-pressured world of modern medical practice, defi ned by 
product lines, revenue generated per case, physician relative value 
units, corporate pressures on throughput, decreasing physician 
reimbursement, and the application of clinical guidelines to patients 
with little or no dialogue conspire against a more collaborative 
approach to the medical encounter. It is clear that with appropriate 
effort patient-centered communication skills can be defi ned and 
learned. However, the effect of these changes on measurable out-
comes is less certain. There are many factors that infl uence health 
outcomes, only one of which is communication within the context 
of a medical encounter. Social economic status, job stress, social 
isolation, education status, and mental health factors are just a few 
of the known determinates of health that are not easily infl uenced 
within the confi nes of a professional medical encounter.

Patient-centered care appears to be more than a set of skills to 
be learned and applied; it is, perhaps, a way of being with patients. 
A patient-centered approach will require that physicians affi rm a 
deep personal value that believes in the capacity of each patient to 
be a meaningful partner in their own health care, capable of mak-
ing choices that fi t with their values and broader life circumstances. 
It will also require a commitment to fi nding common ground with 
patients in the medical encounter. As Stewart et al. (2000, p. 800) 
state, “Physicians may learn to go through the motions of patient-
centered interviewing without understanding what it means to 
be a truly attentive and responsive listener” (Stewart et al., 2000, 
p. 800). Our presence and how patients perceive us matters. Perhaps 
for no other reason, efforts to improve patient centeredness may be 
justifi able on moral and ethical grounds alone. After all, is this not 
the care that you hope one day to receive from your physician?
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Health Promotion and Maintenance
GERALD G. OSBORN AND JOHN A. JEROME

INTRODUCTION

Historians of medicine and public health have described in detail 
the dramatic changes that have taken place in medical education, 
practice, and research in the 20th century. Most of these changes 
are the result of more effective and expansive technology that has 
enabled us to trade short-term mortality for long-term morbidity. 
Disability and death, especially from acute infectious disease, have 
been increasingly replaced by the chronic illnesses that make their 
appearance in middle age and late life.

In 1900, the average life expectancy at birth was 46.3 years for 
men and 48.3 for women. By 2005, however, life expectancy dramat-
ically increased to 75.2 years for men and 80.4 years for women (1). 
The sweeping epidemiology study, The Global Burden of Disease 
(GBD), based upon more sophisticated analyses and egalitarian 
principles, sets life expectancy standards at birth to be 80 years 
for men and 82.5 years for women (2). These increases are mostly 
attributable to the decrease in infant mortality.

Overall mortality has decreased more due to research and tech-
nology developed toward more effective public health measures for 
disease prevention aimed at large populations than medical proce-
dures aimed at individuals. These fundamental strides include the 
increasing promotion of clean air and water standards; high-quality, 
safe, affordable food; and safer living and work environments. This 
increased survival expectancy also includes a generally well-regulated 
pharmaceutical industry providing immunizations to prevent most 
common acute infectious diseases occurring early in life and effec-
tive antimicrobials to treat infectious diseases we fail to prevent.

These positive strides are now facing serious challenges due to 
increasing social and lifestyle changes, especially in Western soci-
eties. Further advancements in improving the long-term health of 
our patients depend, for the foreseeable future, upon our under-
standing the major impact of behavior on health and illness. This 
involves continuously educating our patients, encouraging their 
active participation in and cooperation with health maintenance, 
and motivating them to make choices that will promote the health-
iest, most enriched, vigorously productive, and enjoyable lives pos-
sible. Growing old remains inevitable but fortunately for most, ill 
health is not.

Assisting our patients to live long and live well certainly does 
not mean emphasizing prevention and health maintenance to 
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■ Decrease of overall mortality is due to effective public health measures for disease prevention aimed at large 
populations.

■ Many of the most common noncommunicable diseases are strongly linked to lifestyle and behavior.
■ Research into human nutrition continues to identify significant problems in the “western diet,” with significant 

overlap in consensus of the constitution of a healthy diet.
■ Physical activity is inversely correlated with morbidity as well as mortality.
■ Tobacco and alcohol are readily available, relatively inexpensive, and legal substances that cause more human 

misery than all illegal substances combined.
■ Ill health, disability, and death from unhealthy sexual practices are almost completely preventable.

the neglect of research into increasingly effective technological 
interventions. New technologies will always be a vital component 
of the continuum of health care. The promise of effective genetic 
therapies is especially exciting and represents our most probable 
next revolution in eradicating chronic as well as acute illnesses (3). 
In the interim, however, preventive research in the form of improved 
screening, health maintenance, and positive health-related behav-
ioral changes must be given at least equal emphasis. New strategies 
to promote positive behavioral change in our patients must be an 
enduring and vital component of osteopathic medical education, 
practice, and research if the profession is to make a signifi cant 
improvement in the overall health of the population.

ADDRESSING THE BURDEN OF DISEASE

The GBD continues to represent the most current and profound 
ongoing study surveying health, injury, and illness worldwide. 
This investigation, which is a collaborative effort by the Harvard 
School of Public Health (HSPH), the World Health Organization 
(WHO), and the World Bank, has changed our understanding of 
the emerging patterns of illness and provided new methods to cal-
culate its impact on the individual and society.

Looking at mortality is important but an incomplete method 
of measuring the impact of disease. The level of illness morbidity is 
increasing and is the more diffi cult health problem to measure. The 
GBD has assisted health policy planners and medical educators by 
developing and elaborating the concept of “Disability Adjusted 
Life Years” (DALY). This method is a means to more accurately 
determine and quantify the manner in which illnesses rob people of 
fulfi lling and productive lives.

The GBD continues to confi rm a number of startling shifts in 
the patterns of disease in countries with developed market econo-
mies and developing countries. Since the GBD’s data sets begin in 
1990 and project out to 2020, and since its most recent data are 
so accurate, it provides a virtual road map to the changing face of 
global illness. One of the clearest trends continues to show that the 
disease patterns of developing nations are beginning to approxi-
mate those of the developed ones today. Noncommunicable dis-
eases such as depressive disorders and heart disease are eclipsing 
the threats of the past, like infectious disease and malnutrition. 
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IMPACT OF ILLNESS ON THE INDIVIDUAL AND 
SOCIETY

Nutrition

Nutritional sciences continue to reaffi rm the aphorism by Oscar 
Wilde: “You are what you eat.” Research into human nutrition has 
continued to identify signifi cant problems in the “Western Diet,” 
with the United States being the most striking example. Nutrition-
ists acknowledge signifi cant overlap in the general consensus of 
what constitutes a healthy diet. Within the past 7 years, however, 
the controversies about specifi c foods and especially the propor-
tions of those foods have begun to escalate.

Pick Your Pyramid

More than a decade ago, the United States Department of Agricul-
ture (USDA) created the “Food Guide Pyramid” as a useful model 
to illustrate to the general public what constitutes a healthy diet. In 
its fi rst iteration, it received almost universal approval from nutri-
tionists who agreed it was a major positive step. Disagreement was 
limited to “arguing around the margins” about types of foods and 
proportions, but the discourse was more relevant to research than 
practice. The USDA Pyramid has since been revised twice with the 
last major revision being in 2005 (Fig. 30.1). Since collection and 
review of nutritional research is ongoing, it is anticipated that the 
next revision might occur in 2010.

Controversy began after the second revision when nutri-
tional researchers, especially those within the HSPH, openly 
questioned the infl uence of food industry on the fi nal product. 
Because the USDA Guidelines determines the standards for all 
federal food programs, including school lunch programs, and 
infl uences the food shopping choices of many of the general 
public, even minor recommendations could affect sections of 
the food industry. The HSPH argued that the revision was not 
based solely upon the best nutritional science but refl ected undue 
infl uence by lobbying efforts. The controversy spilled over from 
the scientifi c literature to health-related literature for the general 
public.

The HSPH responded with its own “Healthy Eating Pyramid” 
(HEP) within the next year and it was been updated in 2008. The 
Harvard Guidelines stress their version is based only on the best-
available science and is easier for the general public to grasp. One 
major difference includes the HEP suggesting eating more protein 
from fi sh, especially those species containing high levels of omega 3 
fatty acids and signifi cantly limiting red meat. The HEP also 
stresses less dairy products and the use of a daily multivitamin, cal-
cium, and vitamin D supplementation. It also emphasizes limiting 
salt, refi ned grains, and sugary drinks and, optionally, alcohol in 
moderation (5,6).

Increasing numbers of people, for reasons of health, spiritual 
faith, and/or concerns about the moral treatment of animals, are 
becoming strict vegetarians. For those people, both the USDA 
and the Harvard Pyramids are only partially useful. To ensure 
that these people get suffi cient protein and vitamin coverage, the 
“Vegan Food Pyramid” was created (7) (Fig. 30.2).

All three pyramids are featured as charts for use in discuss-
ing and customizing prescriptive nutritional advice for patients. 
Simple readjustments tailored for the individual patient offer sig-
nifi cant protection from developing some of the most disabling 
chronic problems including cardiovascular disease, stroke, hyper-
tension, obesity, osteoporosis, and certain forms of neoplastic 
disease (8,9).

The use of the DALY method also continues to demonstrate the 
formerly drastically underestimated burden of mental illness.

Even in the original 1990 data, the GBD indicated that uni-
polar depressive disorder, bipolar disorder, schizophrenia, obsessive 
compulsive disorder, and alcoholism accounted for fi ve of the top 
10 leading causes of disability worldwide. The burden of psychi-
atric disorders is highest in the developed nations and this trend 
continues in an alarming direction. If osteopathic medicine is to 
make any signifi cant strides in reversing this trend, the profession 
must pay much more attention to screening, early diagnosis, and 
expeditious interventions.

The GBD also highlights the striking and complex interlock-
ing nature of behavioral risk factors and illness. The most common 
behaviors most closely associated with disease and ill health include 
tobacco use, alcohol abuse, and unsafe sexual practices. Given pres-
ent behavioral trends, tobacco use alone will outweigh the burden 
of any single illness by 2020. Western nations have instituted pre-
ventive measures to lower tobacco use, but the developing countries 
are becoming the new emerging tobacco market, much to their 
detriment. Complicating things further is the manner in which 
some diseases aggravate and predispose to others causing further 
disability (e.g., hypertension and diabetes increase the risk for heart 
disease, stroke, and peripheral vascular disease) (4).

Many of the most common noncommunicable diseases are 
strongly linked to lifestyle and behavior. Osteopathic physicians 
committed to the most effective comprehensive care simply must 
place more emphasis upon promoting positive behavioral changes 
for their patients. We should remain excited about emerging 
“procedure-oriented” technological interventions but must immedi-
ately place more focus upon “the basic building blocks” of health to 
improve the care we provide. Attention to increasingly customizing 
comprehensive care in every patient encounter will heighten the 
effi cacy of our treatment and most likely decrease health care costs. 
Awareness of the leading causes of death, as shown in Table 30.1, 
certainly emphasizes the value of comprehensive osteopathic care.

T A B L E  3 0 . 1

Leading Causes of Death in the United 
States

Causes of Death
Number of Deaths 
in Thousands

 1. Heart disease 652
 2. Cancer 559
 3. Stroke 144
 4. Chronic respiratory disease 131
 5. Accidents 118
 6. Diabetes mellitus 75
 7. Alzheimer’s disease 72
 8. Pneumonia and influenza 63
 9. Inflammatory kidney disease 44
10. Suicide 33

Source: National Center for Chronic Disease Prevention and 
Health Promotion. Dept. of Health and Human Services (www.
cdc.gov/nccdphp/). Last modified November 20, 2008.
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One of the hallmark prospective studies of physical activity and its 
relationship to health and specifi c illnesses demonstrates that the 
risk of all-cause and cause-specifi c mortality declines across physical 
fi tness quintile from the least fi t to the most fi t in both sexes (10).

EXERCISE PYRAMIDS

Like nutrition, the basic principles of exercise are fairly straightfor-
ward and easy to understand for most people. A number of research 
exercise programs, however, have taken their cues from nutritional 
science research and have developed their own “Exercise Pyramids.” 
Also like eating a healthier diet, increasing levels of fi tness offer 
additional protection from developing many diseases, including 

Physical Activity

Modern scientifi c research continues to affi rm that a healthy life 
is also an active life. Becoming increasingly fi t through a range of 
physical exercises provides many correlative health benefi ts. Stories 
in popular media about people who harm their health by com-
pulsively exercising teach us nothing beyond the obvious conse-
quences of extremes in any endeavor. Exercise and health scientists 
have much more to offer, and here there is more agreement than 
controversy in the benefi ts of increasing levels of physical fi tness.

Nearly all systematic studies show that high levels of physi-
cal activity delay all-cause mortality but mostly due to lower rates 
of cardiovascular disease. These studies show also that physical 
activity is inversely correlated with morbidity as well as mortality. 

Figure 30-1 The USDA MyPyramid.

Chila_Chap30.indd   379Chila_Chap30.indd   379 8/5/2010   3:50:27 PM8/5/2010   3:50:27 PM



380 II • THE PATIENT ENCOUNTER

cardiovascular disease, stroke, obesity, non–insulin-dependent 
diabetes, and osteoporosis. Moreover, a regular comprehensive exer-
cise program has benefi ts of better emotional and mental health, 
especially a reduction in feelings of anxiety and depression. Exercise 
has also been demonstrated to improve immune responses (11,12).

Exercise Pyramids have been created to assist with discussions 
about prescriptive exercise with patients; these models stress being 
active in ways that emphasize fun and enjoyment. The extent to 
which physical activity is paired with enjoyment is the extent to 
which it will probably be incorporated into a healthier lifestyle. 
Most people fi nd exercise much more enjoyable when paired with 
a social activity. Physical activities shared with friends and family 
(including the four-legged kind) are more likely to become a life-
enriching and ordinary activity of daily living.

Extremely important and most often left out of discussions 
about promoting health by physicians is the issue of role model-
ing. Osteopathic medicine embraces a comprehensive approach 
to health, and this includes the physician acting as a role model 
for vitality and fi tness. Patients are much more likely to hear and 
accept prescriptive advice about health from a physician whose life-
style exemplifi es the behaviors being suggested. Almost regardless 
of prior levels of fi tness, patients can be motivated to begin by fi rst 
taking steps to increase their levels of activity in their daily lives.

The Exercise Pyramids give examples of this at their bases. Total 
fi tness involves a balanced program consisting of preferably daily 
aerobic exercise, resistance exercise, and gentle stretching. Aerobics 
develop stamina, resistance training develops strength, and stretch-
ing increases fl exibility and helps prevent injury. Patients should be 
encouraged to begin slowly, consistent with age and current fi tness, 
and gradually increase their level of exercise to prescriptive goals. 
The levels of fi tness they ultimately attain will involve many fac-
tors, especially their improved health status and the enjoyment and 
pride they derive from their efforts. Special attention must be taken 
with patients for whom exercise represents risk. For these patients, 
consultation with physical medicine and rehabilitation and/or 
physical therapy will greatly assist with the therapeutic effects of 
an exercise program (13). Development of an active lifestyle should 

begin early and consistent with physicians being role models for 
patients; parents can become the most important role models for 
their children to develop good health habits early.

Americans now spend over $12 billion yearly on health-related 
activities, mostly belonging to health clubs, spas, and/or buying 
expensive exercise equipment and clothing. While these ameni-
ties might add to the social enjoyment of exercise, fi tness need 
not be expensive. Most important expenses should be to promote 
safety. (Shoes appropriate for the activity, helmets for bicycling, 
wrist braces and knee pads for in-line skating and skate boarding, 
etc.) Attention to proper clothing is especially important for young 
children and the elderly. Clothing should attend to function fi rst 
with style and fashion being optional. For the increasingly active 
and fun lifestyles, other protective gear and measures should be 
taken including sun glasses and adequate sun screen. Adequate 
hydration is also extremely important. For exercise lasting under 
1 hour, cool water is usually suffi cient. For exercise lasting longer, 
especially if in hot, humid conditions, a favorite “sports drink” will 
provide additional glucose and electrolyte replacement, preventing 
excess fatigue, dehydration, and speed postexercise recovery. The 
old coach’s advice is still valid: “Take frequent small drinks, if you 
wait until you feel thirsty, it’s already too late.”

Obesity

It is ironic that with both the current emphasis by many on health 
and fi tness and the near-universal Western stigma toward people 
who are overweight, that obesity is now epidemic.

The good news is that the prevalence of obesity in adults has sta-
bilized since 2003 but remains still at 34%. Worse news, however, is 
that the prevalence of obesity in children has continued to rise from 
4.5% in 1970 to 16.3% in 2006. Researchers continue to debate the 
health risks of being mildly or even moderately overweight. They 
are in near complete agreement however about the health risks as 
body mass index (BMI) exceeds 30. The most recent list of health 
problems associated with obesity is listed for adults and children in 
Box 30-1, from the Centers for Disease Control (14).

Figure 30-2 Vegan Food Pyramid 
(Courtesy of Joshua Wold and 
VeganFoodPyramid.com).
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Health promotion researchers have conclusively demonstrated 
that simple caloric restriction alone does not produce long-term 
positive results for people who are overweight or obese. Moreover, 
unsupervised very-low-calorie-diets involve serious health risks 
(15). For most patients, de-emphasizing weight and emphasiz-
ing fi tness is the best place to start. Educating, encouraging, and 
motivating patients to follow the recommendations of the Food 
and Exercise Pyramids can improve outcomes for both adults and 
children.

The best guides to monitor progress include the BMI and waist 
circumference at the navel. The measurement of waist circumfer-
ence adds an important parameter because the presence of circum-
ferential fat has been demonstrated to pose additional health risks. 
The ideal trajectory is a gradual weight loss of between 1 and 2 lb 
per week until the patients’ goals are reached. The maintenance of 
health and fi tness requires life-long attention. If former habits of 
unhealthy eating and sedentary lifestyle return, health risks will 
predictably again rise. Comprehensive management also requires 
confronting social pressures and misinformation about weight and 
the variation among somatotypes. The fashion and advertising 
industries create completely unrealistic standards of beauty. Even 
the photographs of fashion models are computer retouched to 
the point where the fi nished product represents an aesthetic ideal 
that does not exist in the natural world. Exciting research into the 
genetic control of hunger, satiety, and metabolism continues, but 
these treatments are still far into the future.

For some patients, the course of their weight problem has 
progressed to a point to where they are at imminent risk. It is 
here where more vigorous and even invasive surgical procedures 
are life saving. Medications and bariatric surgery are indicated in 
these circumstances, and these treatments are beginning to show 
increasing success. Patients still need to be educated beforehand 
that decreased health risks, even after successful acute treatment, 
require life-long behavioral changes. Literature written by physi-
cians and exercise scientists for the lay public are many times very 
helpful and can easily be incorporated as a component of patients’ 
overall fi tness plans (16).

Substance Use and Abuse

Illegal substance abuse continues to be an ongoing social scourge 
and a signifi cant public health problem. It is ironic however that 
the two substances that cause more human misery than all illegal 
substances combined are readily available, relatively inexpensive, 
and legal. Focusing upon the hazards of these legal substances to 
our patients is essential to the practice of osteopathic medicine.

Tobacco

Since the release of the fi rst “Surgeon General’s Report on Smoking” 
in 1964, the United States has made impressive strides in low-
ering the prevalence of smoking. Tobacco companies have been 
rightfully taken to task for the damage to public health for which 
they are responsible. As stated earlier though, these companies 
have merely shifted their markets outside the United States espe-
cially targeting developing countries. The strong statement from 
the GBD merits repeating here: “By 2020 tobacco is expected to 
kill more people than any single disease, surpassing even the HIV 
epidemic.” The most recent Surgeon General’s Report, while indi-
cating clear successes, continues to stress that we have still much 
more room for improvement. The report expands the list of dis-
eases that are directly related to smoking including acute myeloid 
leukemia, cataracts, abdominal aortic aneurysm, periodontitis, and 
cancers of the cervix, kidney, pancreas, and stomach (17,18). Most 
shocking is the more current report on the health consequences 
of second-hand smoke. Public health research now demonstrates 
clearly that involuntary exposure to tobacco smoke poses more 
serious health risks than expected, especially for infants and chil-
dren. The report does not equivocate: “There is no risk-free level 
of exposure to second hand smoke.” The evidence is now conclu-
sive that second-hand smoke increases the risk for nonsmokers for 
heart disease, lung cancer, sudden infant death syndrome, respira-
tory infections, and asthma. The total costs of smoking are esti-
mated at over $100 billion today. The negative effects of smoking 
on productivity are likewise staggering. The Offi ce of Technology 
Assessment estimates the costs of lost productivity to be over $47 
billion for smokers and lost productivity to second-hand smoke at 
over $8.6 billion. The message to our patients needs to be loud, 
fi rm, clear, and persistent: “If you don’t smoke, don’t ever start and 
if you do smoke, quit!”

Smoking cessation literature continues to show that most peo-
ple who do smoke would prefer to quit and have made efforts to 
do so. Many smokers are able to quit on their own, but many go to 
their family physicians for help. The following are some very useful 
methods physicians can suggest that will increase the likelihood 
of success:

■ Publicly declare a date to stop. Compose a written statement 
that includes a request of support from family, friends, and 
co-workers. Some programs even recommend announcing the 
intent to stop smoking in the local paper.

■ Prepare by making efforts to minimize stress, eat a healthier 
diet, and begin a program of physical fi tness.

■ Attend to nicotine withdrawal by gradually smoking fewer ciga-
rettes each day.

■ Get rid of the “stash” and begin to buy cigarettes one pack at 
a time.

■ Break up learned patterns of smoking by waiting at least 10 
minutes before lighting up when craving begins. Smoke with 
the cigarette in the nondominant hand. Smoke only while 
standing. Any strategy that makes smoking more inconvenient 
will help.

■ Maintain a positive attitude as the cessation date approaches. 
A helpful “cognitive restructuring” approach is to de-emphasize 
the idea of “giving something up,” replacing it with a list of all 
that will be gained fro m your efforts.

On the quitting date and thereafter:

■ Make sure all cigarettes are gone.
■ Prepare for times of craving by substituting healthy alterna-

tives: fresh fruit, carrot or celery sticks, xylitol chewing gum. 

Health Risks Associated With Obesity
• Coronary heart disease
• Type II diabetes
• Cancers (endometrial, breast, and colon)
• Hypertension (high blood pressure)
•  Dyslipidemia (e.g., high total cholesterol or high levels 

of triglycerides)
• Stroke
• Liver and gallbladder disease
• Sleep apnea and respiratory problems
•  Osteoarthritis (a degeneration of cartilage and its underlying 

bone within a joint)
• Gynecological problems (abnormal menses, infertility)
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Many report brushing your teeth at times of craving to be a very 
helpful strategy:

■ Increase fl uid intake, especially drink water.
■ Record progress in a diary or calendar.
■ Financially reward yourself. Open an exclusive savings account 

and regularly deposit the money formerly spent on cigarettes. Be 
fair to yourself and also bank the spin-off savings from smok-
ing damage to clothing, furniture, automobile interior, etc. Also 
save the cost of at least one visit to the doctor’s offi ce. Enjoy 
watching your savings grow!

Even with physician advice and coaching, some patients will have 
increased success with over-the-counter or prescription medica-
tions. Nicotine replacement products in all their delivery forms will 
attenuate withdrawal symptoms. Low-dose antidepressant medi-
cations have been demonstrated to be helpful, especially doxepin 
and bupropion. Also, low-dose clonidine has been shown in the 
literature to be helpful. Finally, a new medication for smoking ces-
sation (varenicline) has been marketed so successfully that patients 
will request it by its brand name.

Forms of alternative/complementary medicine may have a 
place in a comprehensive smoking cessation program depending 
upon the knowledge base of the physician and the level of accep-
tance of the patient. One of the most common complementary 
treatment methods is acupuncture, but the clinical literature about 
its effi cacy is quite mixed (19). When provided by a qualifi ed thera-
pist, acupuncture has demonstrated such a mild side effect profi le 
that it could be included as adjunctive treatment.

An analysis of the literature on smoking cessation reveals 
the most successful smoking cessation programs use multimodal 
approaches sharing the commonalities of education, positive 
motivational encouragement by physicians and other health care 
professionals, face-to-face contact with a therapist, group therapy 
emphasizing mutual support, the offer of traditional and comple-
mentary treatment, and long-term follow-up (20,21).

Finally, patients who continue to experience relapse should be 
strongly encouraged to “never quit trying to quit.” Helping patients 
to stop smoking may just be the physician’s single most effective 
preventive effort. WAKE UP CALL: According to the WHO, 
45 more people have died worldwide from smoking-related illnesses 
in the time it has taken you to read this section on tobacco (22).

Alcohol

Although the benefi ts of moderated alcohol intake have received 
increasing attention in the medical and popular literature, the abuse 
of alcohol accounts for a wide spectrum of health and social prob-
lems. Alcohol abuse plays a causal or contributing role in injury and 
deaths from accidents, homicides, and suicides.

Personal Safety

Attending to personal and family safety is a major component 
of a preventive health program. Educating patients by providing 
the best and most current information is key. Addressing personal 
safety issues can be incorporated into new patient screening and 
provided for current patients in the form of pamphlets. Some safety 
videos are also available.

AUTOMOBILES

Approximately 50,000 people in the United States die every 
year in automobile accidents. The automotive industry has made 

signifi cant strides in making cars safer with the advent of air bags 
and antilock brakes. Laws that make the use of seat belts manda-
tory and call for infants and small children to be secured in the 
rear seats in protective seating have also helped reduce deaths from 
automobile accidents. Physicians can help patients better under-
stand automobile safety issues by encouraging patients to:

■ Purchase vehicles with the latest safety devices (i.e., air bags, 
antilock brakes)

■ Keep automobiles safer through proper maintenance, especially 
of brakes and tires

■ Obey speed limits and all traffi c regulations
■ Follow all regulations when operating recreational vehicles
■ Wear an approved helmet and protective clothing when operat-

ing a bicycle, moped, or motorcycle
■ Avoid driving while taking sedative medications
■ Never drink alcohol before driving

HOME

Provide patients with information on how to maintain a safe envi-
ronment in their home. The following list is not inclusive of all 
issues; rather it represents signifi cant areas where simple attention 
can make a major difference in household safety. The general nature 
of these recommendations does not minimize their importance for 
the health of patients:

■ Keep medicines, harmful chemicals, and cleaning products 
secure and especially out of reach of children.

■ Prevent fi res by judicious use of auxiliary home heating devices 
and by proper use of electrical appliances and outlets.

■ If fi re should occur, minimize danger and damage by the use of 
smoke detectors and fi re extinguishers.

■ Develop and practice an escape plan from the home in the event 
of fi re or other disaster (i.e., earthquake, hurricane, tornado). 
Most local fi re departments and electric companies will inspect 
your home and make safety recommendations at little or 
no cost.

■ Patients who choose to own guns should keep them in a secure 
place, unloaded, with appropriate locking mechanisms on the 
triggers. Likewise, ammunition should be kept in a secure place, 
separate from the weapons.

■ Keep power tools and lawn care equipment in good repair, espe-
cially their safety guards, and wear safety glasses and ear plus 
during their operation.

■ Falls are a major cause of injury to older adults. Keep bathrooms 
and stairways free of obstacles and install appropriate lighting, 
handles, and banisters. Secure the edges of throw rugs to mini-
mize trips and falls.

■ In winter, keep sidewalks and outdoor stairs clear of snow and 
ice. This can be a component of a family’s fi tness plan.

SEXUALITY

Sexual behavior is a central component of healthy human 
functioning and a source of pleasure, comfort, and intimacy. Unfor-
tunately, lack of knowledge about human sexuality can result in 
more than an unwanted pregnancy; it can result in illness and 
death. As well as providing the best possible counsel and infor-
mation about contraception and family planning, physicians must 
also inform sexually active patients about safe-sex practices. Female 
patients suffer far more than male patients in the area of sexually 
transmitted diseases (STDs) due to their more complicated and 
lengthy reproductive roles. Again, ironically, ill health, disability, 
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and death from unhealthy sexual practices are almost completely 
preventable. High-risk practices should immediately be curtailed. 
These include:

■ Sex with an intravenous substance abuser
■ Sex with a prostitute, stranger, or person whose sexual history is 

unknown
■ Sex without the use of a condom
■ Sex with any person who engages in any of the above behaviors

Further, patients should be advised that abstinence or maintain-
ing a mutually monogamous relationship with one partner is the 
best method for preventing all types of STDs. For many people, 
however, this advice is not acceptable. In such cases, the physician 
should instruct patients to minimize high-risk behaviors. Although 
not 100% effective, consistent, and correct, use of condoms and 
other barrier contraceptives decrease risk of pregnancy and STDs 
and should be encouraged. Studies reveal that using contraceptives 
containing the spermicide nonoxynol-9 with condoms offers fur-
ther projection if the barrier should fail.

FAMILY AND WORK

A healthy family life has long been known to be a source of com-
fort, joy, and inspiration. The family is the basic unit of society 
and needs the support of all. Fragmented, blended, or single-parent 
families need even more support. Families experiencing problems 
or who are in turmoil should be encouraged to seek help, whether 
it be support from caring relatives and friends, support groups, or 
professional family therapy. The primary care osteopathic physician 
should engage patients in constructive discussions about family 
health. Five general qualities shared by healthy families include:

■ A clear understanding of each member’s role and responsibilities
■ An equitable distribution of power
■ Support and encouragement
■ Effective communication
■ A shared system of values or beliefs

It should become routine in osteopathic, family-oriented health 
care to inquire about these characteristics in medical history taking 
and to promote them at every therapeutic opportunity (23,24).

Doing work that one fi nds meaningful is a source of pride and 
personal fulfi llment. The most tragic work situation is for one to 
feel trapped in a work circumstance one despises. Many people, 
however, fail to take the steps necessary to make their work more 
meaningful or to prepare themselves to change jobs or careers. If 
patients fi nd that, despite their best efforts, they are unhappy in 
their work, they should be encouraged to survey their situation 
and develop a plan of change. Opportunities for alternative educa-
tion and training are more abundant and accessible now than ever 
before. Even in the most diffi cult economic circumstances, educa-
tion is the best investment a person can make.

Many people unhappy with their work never take full advan-
tage of what the situation offers. Most large employers have 
tuition-reimbursement plans for educational courses that go 
unused by employees. Patients should also be encouraged to cul-
tivate friendships at work. If a workplace does not provide activi-
ties, patients can become agents of change who organize and 
develop work-related social or sports activities. Work need not 
be daily tedium and loathing, and even planning for a change can 
be the activity that lifts a patient’s spirits and gives them hope 
and comfort. Work should not be a constant endeavor of joyless 
striving but rather an undertaking that provides meaning and 
satisfaction.

DOCTOR–PATIENT RELATIONSHIP

The doctor–patient relationship remains the single most powerful 
healing tool of the physician. Technology is obviously important, 
but the power of the doctor–patient relationship allows “high-
tech” medicine to be used most wisely and to the greatest benefi t. 
Primary and secondary prevention are two of the most important 
goals of the osteopathic physician, especially those in primary 
care practice. Physicians can do the most to encourage patients to 
become partners in their health care by using the power inherent in 
the doctor–patient relationship.

Most physicians agree that counseling is one of their most 
important tasks; paradoxically, most feel ineffective in this role. 
Many physicians feel generally pessimistic about their abil-
ity to motivate patients toward positive change. This pessimism 
exists partly due to a lack of effective training about behavioral 
change during medical school and in postgraduate medical educa-
tion. Physicians generally underestimate the diffi culty in chang-
ing behavior, even their own. Most wrongly believe their only 
duty is to provide information and end up preaching to or lec-
turing their patients, rather than informing them. Because this 
approach alone usually fails, physicians can become discouraged 
and stop trying to change patient behavior or begin to provide 
information in a cursory manner, never really expecting patients to 
cooperate.

Behavioral scientists investigating change as a process have 
proposed both general and specifi c approaches that are realistic, 
practical, and broadly applicable in health care settings. One of the 
most helpful models is that proposed by Prochaska and DiCle-
mente (25,26). This model divides the process of change into 
stages. The duty of osteopathic physicians is then to assist their 
patients to identify the stage they are in and to move successfully 
into the next. This approach is useful in three important ways 
because it:

1. Acknowledges that change is diffi cult and requires planning.
2. Minimizes discouragement on the part of patient and physician.
3. Continually encourages positive work toward lasting or perma-

nent change.

The stages of change include:

1. Precontemplation: In this fi rst stage, patients are unaware of or 
perhaps deny the negative consequences of their behavior. This 
can include, for example, rationalizations like “I know lots of 
people who smoke who are healthy.” The task of the physician 
in this stage is to make patients aware of the fallacy of such 
rationalizations by providing good information and/or by intro-
ducing therapeutic tension into the patient’s belief systems.

2. Contemplation: At this stage, patients spend variable lengths 
of time refl ecting on their behaviors and assessing both nega-
tive consequences of continuing a behavior and the probable 
benefi ts of positive change.

3. Preparation: Patients acknowledge that change is desirable. 
The physician’s task is to negotiate a plan aimed at the higher 
likelihood of success.

4. Action: The patient and physician implement the plan for 
behavioral change with clear outcome measures to monitor 
progress.

5. Maintenance: Patients have experienced the reinforcing effects 
of their action plan to the point where the change becomes an 
ordinary part of their life.

The Prochaska/DiClemente model allows for the possibility and 
probability of relapse, especially with diffi cult changes like smoking 
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cessation. If or when relapse occurs, rather than abandoning the 
process, the physician and patient move back to a prior stage to 
troubleshoot the problem before moving ahead again. Continuous 
attention and incremental improvement are far superior in the long 
run to giving up in frustration or demoralization.

A review of doctor–patient relationship literature proposes 
four specifi c sequential strategies for motivating patient coopera-
tion and encouraging patients to take more personal responsibil-
ity for their health. These strategies are grounded in the patient 
compliance literature and have been expanded and integrated to 
include relevant social infl uences and psychotherapy research. A 
major contribution of this research has been the identifi cation of 
the patient’s health beliefs as a powerful predictor of cooperation 
with treatment. The review focuses on the critical importance of 
the doctor–patient relationship and interaction and then expands 
to the patient’s relationship with the entire integrated primary care 
health team.

Patients who are not clear about what they are expected to do 
are unlikely to follow recommendations. A number of studies show 
major patient dissatisfaction with not receiving enough informa-
tion from physicians. Dissatisfi ed patients are less likely to cooper-
ate and may not ever return.

STRATEGY 1: INFORMING THE PATIENT

The physician should never make assumptions about a patient’s 
knowledge and understanding, regardless of socioeconomic class 
or level of education. A confi dent level of baseline knowledge 
should fi rst be established. The physician can implement this 
by allowing the patient time to explain their understanding of 
health problems and then identify any incorrect or idiosyncratic 
perceptions. The cultural belief system of patients should also be 
explored. Verbal instructions should be clear and can be supple-
mented with pictures and printed materials if necessary. The phy-
sician should avoid jargon whenever possible. The physician can 
check the patient’s level of understanding by asking the patient 
to repeat instructions or demonstrate how they might share the 
instructions with a third party. This area of the doctor–patient rela-
tionship has been receiving more recent attention than any other 
aspect (27,28).

STRATEGY 2: OBTAINING COMMITMENT 
FROM THE PATIENT

This strategy involves the use of referent power, social power 
bestowed on a signifi cant fi gure whose acceptance and approval 
are highly regarded and desired. The use of this referent power 
involves making direct and clear statements about a desired behav-
ior change and eliciting the patient’s commitment to cooperate. 
Using the example of smoking, this would involve stating in a non-
judgmental but direct and authoritative manner the detrimental 
effects of smoking, and then asking the patient directly for a com-
mitment to stop. Physicians’ success in eliciting this commitment 
is revealed in higher patient smoking cessation rates.

STRATEGY 3: NEGOTIATING AND 
TAILORING A REGIMEN

All treatment recommendations require a change from the patient’s 
ordinary lifestyle (Box 30-2). The more complex the changes rec-
ommended, the more diffi cult it is for the patient to cooperate. The 
goal of negotiation is to arrive at an agreement. Through negotiation 

and exploration of lifestyle and belief system issues, a regimen 
can be tailored to the individual life circumstance of each patient. 
When the negotiated agreement is written up as a mutually binding 
contract, it is more likely to be kept. A verbal agreement may also 
suffi ce.

STRATEGY 4: ATTENDING TO THE PATIENT’S 
EMOTIONAL RESPONSES

The quality of the doctor–patient relationship is crucial at this 
point. Patients often complain, even bitterly so, about not being 
listened to or not having the opportunity to tell their story. Sto-
ries abound about technically competent but cold and aloof physi-
cians. Research into doctor–patient relationships has shown that 
patients’ judgments about physicians are made on the basis of the 
physician’s ability to recognize and respond to emotional concerns. 
Positive behavior change occurs more often in the presence of a 
high-quality doctor–patient relationship. Patients in distress and 
suffering anxiety are not in the best condition to attend to the cog-
nitive components of their instructions. When physicians attend 
to a patient’s emotions and set the patient at ease, they facilitate 
routine history taking understanding and cooperation.

Physicians also need to communicate their interest and con-
cern for their patients nonverbally. Several tactics communicate 
care and interest including smiling, sitting down, using appropriate 
eye contact, and not appearing to be rushed.

The osteopathic physician in the patient encounter has a 
distinct advantage over other health care professionals through 
the medium of touch and “the laying on of hands.” Through the 
integrated verbal and nonverbal communication of care, trust is 
promoted, cooperation is maximized, and the doctor–patient rela-
tionship is further strengthened.

The use of the integrated primary care team in this process 
is summarized in Table 30.2. The primary care team encounter 
is individualized with active patient participation. Treatment is 
customized, fl exible, and based on both physical examination and 
ongoing biopsychosocial fi ndings. It is a collaborative, coopera-
tive alliance between the health care team and the patient with the 
goal of facilitating the patient’s own capacity to restore health and 
maintain optimal function of mind, body, and spirit. This is the 
true art and science of osteopathic care.

History Taking and Behavior Change
1. Standard Osteopathic Examination
2. Review of fi ve osteopathic domains (see Chapter 1)
3. Behavioral lifestyle choices
 (a) nutrition, body weight
 (b) physical activity
 (c) tobacco and alcohol use
 (d) personal safety, high-risk behaviors
 (e) sexual behaviors
 (f ) family and work stress
4. Treatment recommendations
5. Health Promotion Counseling and strategies for behavioral 

change
6. Relapse Prevention Counseling and follow-up planning
7. Continuous reinforcement of self-management and patient 

responsibility throughout the examination and treatment
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SUMMARY

During the last century, the leading causes of death were diseases 
such as infl uenza, tuberculosis, pneumonia, diphtheria, and gastro-
intestinal infections. “Since then, the yearly death rate from these 
diseases per 100,000 people has been reduced from 580 to 30!” (1). 
Today, the major causes of premature death and disability result 
from behavioral factors, such as accidents and violence, or long-
standing habits, such as smoking, high-fat diets, lack of routine 
exercise, stress, and alcohol abuse (2). Both the WHO and the 
HSPH predict that by 2020, in the developing countries where 
four fi fths of our planet’s people will live, seven out of ten deaths 
will be traced to lifestyle factors setting the stage for ischemic heart 
disease, depression, and chronic obstructive pulmonary diseases. In 
fact, by 2020, tobacco alone is expected to cause more premature 
death and disability than any single disease (22). Future improve-
ments in health will come from managing the effects of unhealthy 
behaviors.

Most of the task of providing the highest quality, cost-effective 
care involves teaching and motivating patients. The place to begin 
in creating the desired behavior we wish to see in our patients is 
to make them clearly refl ected in our own. Many physicians have 
been successful in altering their personal health behavior habits 
for the better, but there is always room for improvement. Doctor 
means teacher, and the old maxim remains sound: “Example isn’t 
the best way to teach, ultimately it is the only way to teach.”
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T A B L E  3 0 . 2

Primary Care–Based Patient Encounter
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Nurses
Other staff
Health educator
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Source: Reprinted with permission from Stoffelmayr B, Hoppe RB, Weber N. Facilitating patient participation: the doctor–patient encounter. 
Prim Care 1989;16:265–278.
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End of Life Care
KAREN J. NICHOLS

INTRODUCTION

The opportunity and ability to employ all the facets of being an 
osteopathic physician is never more needed than at the end of a 
patient’s life. When there is no more surgical intervention possible 
or advisable, when there are no more tests and studies to conduct, 
when there is no more medication that can turn the tide of the 
inevitable decline, then the physician moves fully into utilizing her 
and his most important tool, the physician–patient relationship for 
psychological support.

End-of-life care is fi lled with demands and challenges that all 
physicians must deal with at some point. No discipline in medi-
cine—except perhaps pathology—escapes the issues of end-of-life 
care. Ironically and unfortunately for their patients, physicians in 
those disciplines that are perceived as relatively immune to rou-
tinely dealing with end-of-life issues fi nd themselves least prepared 
when these issues inevitably arise. Further, a very interesting phe-
nomenon that occurs not infrequently is that the student physician 
who has taken the time to establish a rapport through caring may 
be the fi rst physician the patient will turn to with questions and 
concerns at end of life. The wise medical student will learn the 
principles of end-of-life care to be able to assist all patients.

PRINCIPLES OF END-OF-LIFE CARE

To clarify the requirements for proper care, The Milbank Memo-
rial Fund published a set of “Principles for Care of Patients at the 
End of Life: An Emerging Consensus among the Specialties of 
Medicine.” (1) The American Osteopathic Association End-
Of-Life Care Advisory Council prepared an osteopathic version 
of these principles, which were approved by the American Osteo-
pathic Association (AOA) House of Delegates in 2000 (2,6).

RESEARCH INTO END-OF-LIFE CARE

The landmark study—“A controlled trial to improve care for 
seriously ill hospitalized patients: The study to understand prog-
noses and preferences for outcomes and risks of treatments 
(SUPPORT)”—gave the fi rst clear understanding of how patients 
and families viewed their end-of-life care experiences (3). The 
phase I observation stage documented shortcomings in communi-
cation, frequency of aggressive treatment, and the characteristics of 
hospital death. It documented a strong indictment of the medical 
care system discovering that only 47% of physicians knew when 
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■ The challenges of patient care at end of life are daunting.
■ A significant opportunity is presented for offering each patient the most complete expression of osteopathic 

medicine’s philosophy and practice.
■ Physicians must respect and accommodate patient needs in communicating prognosis.
■ Physicians must also respect family members’ needs in order to understand the dying process and process grief.
■ Student–physician interaction with the dying may be the ideal training ground for young doctors.

their patients preferred to avoid cardiopulmonary resuscitation, 
46% of do-not-resuscitate (DNR) orders were written within 
2 days of death, 38% of patients who died spent at least 10 days in 
an intensive care unit, and for 50% of conscious patients who died 
in the hospital, family members reported moderate-to-severe pain 
at least half of the time. Unfortunately, the Phase II intervention 
part of the study did not demonstrate any improvement in care or 
patient outcomes. The study’s conclusions recommended greater 
individual and society commitment and more proactive and force-
ful measures to fi ll the gaps identifi ed (3).

Many subsequent studies have sought to study the quality of 
end-of-life care and to understand the perception of both physi-
cians and patients/families about expectations and knowledge of 
end-of-life care issues. The persistent lack of patients’ knowledge 
of options at the end of life was studied by Silveira et al. (4). Of the 
1,000 patients surveyed, there were 728 respondents. Only 23% to 
46% of those responding demonstrated an appropriate awareness 
of four areas relevant to end-of-life care (4). All research points to 
the importance of more education of physicians and patients about 
end-of-life care issues.

GOALS OF CARE

The most important issue that needs to be addressed in dealing 
with patients at end of life is to determine their goals of care. 
What does the patient perceive as appropriate care at the end of 
his or her life? How does the patient wish to see himself or her-
self living out their fi nal days? What does the patient see as the 
acceptable limits of his or her existence given the constraints of 
the current medical condition? These questions take the empha-
sis from “which procedure to perform” and move it to “how do 
you want to spend your fi nal days?” The patient who states that 
he or she wants every measure employed to keep himself or her-
self alive every possible minute regardless of being aware of the 
surroundings leads the physician to create a very different care 
plan than one for the patient who states that he or she wants to 
spend the fi nal days at home out of pain surrounded by loved 
ones. End-of-life decisions should be the result of the collabora-
tion and mutual informing of the patient, the patient’s family and 
the physicians, each sharing his or her own expertise to help the 
patient make the best possible decision, often in the worst possible 
circumstances.

Patients and families also need to understand that the goals 
of care can and should change as the disease progresses. “Initially, 
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WHOLE PATIENT ASSESSMENT

Nowhere is the principle of assessing the whole patient more 
important than at end of life. However, whole patient assessment 
does not imply that the physician will be employing futile treat-
ment. Whole patient assessment implies that the patient at end of 
life is to be accorded the same well thought out evaluation and care 
as any other patient. A fever in a patient dying from heart failure is 
not caused by the heart failure and may be an indication of an easily 
treatable problem. Pedal edema in a patient with respiratory failure 
without cor pulmonale cannot be assumed to be due to the respira-
tory failure. More than one patient at end of life has had incorrect 
assumptions made about symptoms and has been denied simple 
and appropriate care just because he or she is “dying anyway.” 
A proper patient assessment does not have to be painful, costly, 
onerous, or futile. It just has to be thoughtful and appropriate.

SYMPTOM MANAGEMENT

Closely tied to the approach of whole patient assessment is the 
requirement to provide proper symptom management. When 
whole patient assessment does not reveal a treatable cause for a 
specifi c symptom, there are appropriate interventions for those 
symptoms. The types of symptoms most frequently encountered as 
part of the end-of-life process that may not be indicative of another 
medical cause include dyspnea, nausea, vomiting, constipation, 
diarrhea, anorexia, cachexia, fatigue, weakness, fl uid balance prob-
lems, edema, skin integrity, decubitus ulcers, odors, and insomnia. 
The physician caring for the patient with such symptoms at end of 
life is referred to the American College of Physician (ACP) Clini-
cal Practice Guidelines (11) and Education for Physicians on End 
of Life Care (EPEC) (7) www.EPEC.org and to the Osteopathic 
EPEC (12) for best practices. www.osteopathic.org (search term 
“palliative care”)

PAIN MANAGEMENT

Another aspect of patient care at end of life, which bears special 
mention, is that of proper pain management. The key concept 
about how much medication to provide to control pain is “it takes 
as much as it takes.” All the restrictions and guidelines about dosing 
of pain medication do not apply at end of life for anyone other than 
the narcotic-naive patient. The principle of “go low and go slow” 
applies to every patient until the appropriate level of pain relief has 
been achieved. The other key concept of pain management is that 
pain medication should never be administered on a “prn” basis but 
as a continuous infusion to maintain a baseline of pain control. This 
level of control may have to be supplemented at times of unavoid-
able painful processes, or if the level of pain steadily escalates, but 
the patient should never be allowed to experience unrelieved pain. 
There is no need to fear addiction at end of life, although medica-
tion tolerance may be seen, expected, and properly managed with 
increased dosing. The proper usage of narcotics at the end of life 
in a person who is or was addicted to narcotics prior to acquiring 
the terminal illness requires more thoughtful planning, but no such 
person should ever be denied narcotics for the purposes of provid-
ing adequate pain relief.

DOUBLE EFFECT OR SECONDARY EFFECT AND 
TERMINATION SEDATION

Subtopics under pain management are the related principles of 
double effect or secondary effect and the issue of terminal sedation. 

patients might hope that the cancer responds to chemotherapy or 
surgery. When disease control is no longer possible, patients might 
hope to live pain free, achieve closure on personal issues or die sur-
rounded by friends and family” (5).

Adults with decision-making capacity should be informed of 
their choices, and they have the legal and ethical right to make 
their own decisions about their life, including the right to refuse 
recommended life-sustaining medical treatment. This position 
honors the patient’s autonomy and liberty as guaranteed in the U.S. 
Constitution. This right exists even when the physician disagrees 
with the patient’s decision (6).

Patients without decision-making capacity can have their 
choices adhered to by physicians who follow a previously executed 
advance directive described below. The principle of “best interests” 
(what would the reasonable and informed patient select) is invoked 
if the individual’s wishes are not known. Quality of life should be 
viewed from the patient’s perspective in all these decisions because 
quality of life can only be self-determined. Extreme caution must 
be exercised when trying to determine what constitutes quality of 
life for another person as research has shown that patients consis-
tently assess their quality of life to be better than their caregivers 
think their patients do (6).

The over-riding issue is not what the family or friends want for 
the patient at end of life, but rather what would the patient want 
for him/herself. If the noncognitive patient were to awaken for only 
15 minutes and be able to fully understand the circumstances, what 
decisions would the patient make? If the answer is unclear, society 
should err on the side of life. If the answer is clear, then refusal to 
follow the patient’s wishes is unethical and illegal (6).

ADVANCE CARE PLANNING

Ideally, every person who comes to the hospital or care setting 
would have completed some type of document that falls under 
the category of “advance care planning.” This approach was the 
impetus for the “Patient Self-determination Act of 1991,” which 
requires that every person entering a facility that receives Medi-
care/Medicaid funding must be asked whether they have executed 
such a document or wish to do so. Provision of care is not predi-
cated upon existence or absence of such a document, the only 
requirement is that the patient or family is aware that such infor-
mation is available and that such a document could be created. 
Advance care planning documents generally include living wills or 
durable medical powers of attorney for health care affairs (proxy 
designation for health care affairs) and can be self-executed with or 
without the aid of an attorney. This medical power of attorney is 
separate and distinct from the legal power of attorney and neither 
one implies the presence or intent of the other. Such documents 
are available from many organizations and are also online. These 
documents carry the weight of law but can be superseded by the 
patient at any time. Living wills document the desired treatments 
but leave much room for interpretation when the situation doesn’t 
match the directives, so a combination of a living will and a dura-
ble medical power of attorney may be best. When the physician, 
patient, and family have had these conversations earlier and are in 
agreement, there is little need for such documentation. However, 
when that is not the case, these documents can assist in settling 
disagreements. Ultimately, if agreement cannot be reached, the 
hospital ethics committee can also be called upon to assist these 
deliberations.

Sample living wills and durable medical powers of attorney 
can be downloaded from several Internet sites, search term: living 
will form.
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treatment from cure or longer survival to preservation of comfort 
and dignity.”

Two confl icting issues clash here. The dying patient desper-
ately wants to live as long as possible, as healthy as possible, able 
to enjoy life and people, without pain. When this is no longer pos-
sible, the patient also wants death to come swiftly, peacefully, and 
painlessly at the last possible minute. The physician also wants this 
scenario for every patient. The problem is medicine does not have 
the ability to predict the future and give patients a precise, reliable 
date and time when death will come. Ironically, many chronically 
ill patients never experience a time during which they are clearly 
dying of their disease; “the sickest patients are not necessarily the 
ones who die fi rst” (8).

The result is the patient chooses to accept a less and less “ideal” 
quality of life, adjusting to more and more incapacitation and pain 
in exchange for one more day, and yearning for this day not to 
be the last. Some patients seem to accept death’s coming easily, 
accepting the future, even choosing not to eat and drink. For many 
others, however, hope (no matter how faint) persists so strongly 
that surrender to the inevitable end of life is more excruciating than 
the pain and the struggle. Openly discussing this struggle to shift 
goals may be the only way to avoid a time where “do everything 
you can, doctor,” in life becomes “why did this have to drag on so 
long?” after death (8).

This point is confi rmed by a signifi cant study of prognosis 
from George Washington University and the Department of Vet-
erans Affairs published in JAMA (9). The study looked at seriously 
ill hospitalized patients with advanced chronic obstructive pulmo-
nary disease, congestive heart failure, or end-stage liver disease. It 
found that the recommended clinical prediction criteria are not 
effective in identifying a population with a prognosis for survival of 
6 months or less (9).

While we may not be able to predict the exact day of demise, 
we can predict that all indications point to the fact that the time is 
so short that hospice and palliative care is the best way to proceed, 
even though the patient and family may not be eager to hear that 
recommendation. The following words from the attending physi-
cian may be useful in the discussion: “Do you think it is time to 
consider a different type of treatment that focuses on your symp-
toms? I’ll be here with you no matter what you decide.” Another 
approach might be “I want to provide intense, coordinated care 
with a team of professionals who will treat your symptoms and help 
you stay comfortable” (5).

LEGAL MYTHS AND REALITIES

A signifi cant barrier to proper care is lack of understanding on the 
part of the physician about legal issues at the end of life. Many phy-
sicians are not aware of the underlying principles vis-à-vis actual 
legal concerns. The body of law known as right-to-die cases extends 
ordinary treatment refusal doctrine to end-of-life decisions. The 
courts have affi rmed a right to refuse life-sustaining treatment. 
Making a distinction between what treatment is life sustaining and 
what is not, is the diffi culty. Meisel, Snyder, and Quill published a 
well-written set of “Seven legal barriers to end-of-life care: myths, 
realities and grains of truth,” for the ACP—American Society of 
Internal Medicine End-of-Life Care Consensus Panel (10).

COMMUNICATING BAD NEWS

One of the major challenges at end of life is that of telling a patient 
that he/she is at the end of life. Every physician has to communi-
cate uncomfortable information or to give the family/patient bad 

It is possible that a patient can be in so much pain at end of life, 
particularly with such diagnoses such as bone metastasis after the 
patient has passed the limits of radiation, that the patient’s pain 
may be uncontrolled by any current measure. At that point, it is 
appropriate to present the option of controlling that pain by medi-
cating the patient into a coma. This is called “terminal sedation.” 
The patient is kept comfortable even though not cognizant of 
the surroundings. The appropriate level of pain medication dos-
ing is determined by monitoring the patient’s native blood pres-
sure, respiratory rate, and heart rate to see the response of the body 
to the effects of the pain medication. Another natural response to 
uncontrolled pain that can be helpful in this assessment is grimac-
ing. Monitoring how the body naturally responds to the relief of 
pain allows for appropriate adjustments in dosage, increasing to 
control the pain, and decreasing the dosage if the current medica-
tion level appears to be too strong for the body’s present pain level. 
Such a required level of pain medication may result in the patient 
dying sooner than without that level of pain medication. The sheer 
anxiety of unrelieved pain can trigger the counter-regulatory hor-
mones that can act to prolong life. Relief of that level of pain may 
decrease those same counter-regulatory hormones to the level that 
the life processes are no longer stimulated and the patient may die. 
The concept of double effect or secondary effect indicates that the 
primary and intended effect was to ease pain, and not to kill the 
patient. A well-designed study in a hospice population found no 
association between percentage of change in dose of opioids and 
time until death (13). The primacy of the intent of maintaining pain 
control is evident by the proper monitoring as described above.

HOSPICE AND PALLIATIVE CARE

The hospice concept of providing comfort when cure is no longer 
possible was initiated in England and quickly spread to the United 
States beginning in the 1970s. Although the number of patients 
who die while being cared for by hospice has been rising slowly, 
patients generally do not spend enough time in these programs to 
experience all the potential benefi ts. Such benefi ts include provi-
sion of medications and durable medical equipment, a major focus 
on aggressive pain management, counseling services both before 
and up to a year following death for the family, out patient medical 
support and in patient care for extremely demanding situations. 
More recently, palliative care programs have been developing across 
the United States to provide the expertise and standards of prac-
tice developed by hospice to patients who have needs for symptom 
control and supportive care earlier in their illness. All hospice pro-
grams fall under the umbrella of palliative care; however, palliative 
care is indicated beyond the specifi c time limits of and criteria for 
hospice, generally anticipated to apply to the specifi c diagnoses and 
limited to the last six months of life. The focus of hospice is to work 
toward death with dignity employing an entire team of profession-
als bringing the needed expertise to the entire galaxy of end of life. 
According to anecdotal experience, while designed to improve the 
quality of patients’ lives as they fi ght their disease, good palliative 
care may help to increase life expectancy in certain diagnoses (7).

TRANSITIONS OF LIFE

There exists another aspect of assisting patients as they move 
toward the end of their lives that may be one of the most chal-
lenging, as Thomas Finucane, M.D., eloquently points out in an 
editorial in the November 3, 1999 issue of JAMA (8). It is the pro-
cess of “moving through the transition from gravely ill and fi ght-
ing death to terminally ill and seeking peace, shifting the goals of 

Chila_Chap31.indd   389Chila_Chap31.indd   389 8/5/2010   6:02:55 PM8/5/2010   6:02:55 PM



390 II • THE PATIENT ENCOUNTER

news at some time in the process of providing medical care. It is 
important to develop the skill of delivering this type of informa-
tion. Most people want to know such information and delivering 
it well actually strengthens the patient–physician relationship. The 
patient/family not only learns the information but also learns that 
the physician who doesn’t shy away from the hard issues can be 
trusted to tell the truth. Delivering such information thoughtfully 
fosters collaboration between the physician and the patient/family 
as they then have time to plan and cope.

COMMUNICATION PROTOCOL

There is a seven-step protocol that has been developed as part 
of the program “Education for Physicians on End of Life Care 
(EPEC)” that is recommended as an effective approach to com-
municating bad news (7). All these steps may need to be modifi ed 
by the urgency of the situation. The emergency department setting 
with an elderly demented patient quickly approaching his or her 
fi nal minutes dictates a different pace than in the offi ce setting 
talking to an alert patient who needs to be advised of a condition 
with a long prognosis:

1. Know yourself. Whether they know it or not, physicians com-
municate their own emotional responses in the most subtle 
ways, so it is important to be aware of your own responses.

2. Create a plan. Allot adequate time without interruption. Plan 
what to say after confi rming the medical facts. Don’t delegate this 
job. Create an environment that is conducive to conversation.

3. Establish what the patient already knows. The patient may 
already have suspected the worst.

4. How much does the patient want to know? There can be vari-
ous patient preferences, either declining to know the details or 
choosing to designate someone else to communicate on his or 
her behalf. This varies with race, ethnicity, culture, religion, 
socioeconomic status, age, and developmental level.

5. Say the information and stop to allow the patient/family time 
to process. Avoid a monologue, jargon, and euphemisms, and 
pause frequently.

6. Be prepared for emotions. Some may respond with tears, anger, 
and anxiety, and others may experience denial, blame, guilt, 
fear, and shame.

7. Plan for the next steps in the process of the disease and approach.

FAMILY REQUESTS TO WITHHOLD 
INFORMATION

If the family anticipates the worst and requests that information 
not be told to the patient, the physician still has a legal obliga-
tion to tell the patient. The family needs to discuss the reason for 
their fears of the information being shared. It is always the phy-
sician’s responsibility to tell the truth to the patient, but it may 
be necessary to assist the family in working through their issues 
so that they see the importance of telling the truth and under-
stand why it is not fair to the patient not to have this information. 
It may be appropriate to talk to the family and the patient at the 
same time.

LANGUAGE BARRIERS

When language is a barrier, the best approach is to obtain a translator 
as the family members who may be able to translate may have 
diffi culty with the medical terms and concepts or may feel 
compelled to modify the news to protect the patient. A family 

translator may also not want to be the one to actually be the fi rst to 
have to utter the words that will bring such dismay.

COMMUNICATING PROGNOSIS

When the physician is asked about prognosis and timing of death, 
it is helpful to fi nd out why the patient wants to know. There may 
be a specifi c event coming up that the patient wishes to plan for, 
or the reasons for asking may be very ill-defi ned. The “planner” 
patient will want more details. Avoiding precise answers is appro-
priate indicating that the prognosis is either in hours instead of 
days, days instead of weeks, weeks instead of month, or in months 
instead of years. Precise answers can be perceived as a guarantee 
that no physician is able to provide.

THE TIME TO WITHDRAW INTERVENTIONS

Another aspect of communication that can be unexpectedly chal-
lenging is when the time comes for the invoking of the patient’s 
wishes to withdraw interventions. It is unkind and unwise to ask 
the family “do you want us to take your family member off the ven-
tilator now?” This approach puts the family member in the posi-
tion of having to “make the decision to let Mom die,” and actually 
having to say those words, when in reality that decision was already 
made by the patient some time ago. The better approach is to tell 
the family, “as we have discussed repeatedly, your mother indicated 
in her living will that when we got to this point she did not want 
life support continued, so we think it is time to take her off the 
ventilator, which we can do at 6 p.m. tomorrow.” Allowing plenty of 
time for that information to sink in and for the family to respond, 
guides the rest of the treatment plan and timing.

WITHHOLDING AND WITHDRAWING 
TREATMENT

As was indicated in the “legal myths and realities” section, there 
is much misinformation about the difference between withhold-
ing and withdrawing treatment. In my experience in seminar after 
seminar that I have personally presented on end-of-life care top-
ics, when I have polled physicians about which choice seems to be 
“harder” for the physician to perform, the results always indicate 
that physicians feel that choosing to withdraw treatment is more 
diffi cult to handle psychologically than withholding treatment. 
Nevertheless, all sources agree that there is no difference legally, 
morally, or ethically as the end result is the same, death of the 
patient (7). If the treatment is initially withheld, there is no pos-
sibility of determining whether or not it may have been successful.

On the other hand, if the specifi c treatment is instituted and is 
determined not to be successful, there is often signifi cant reluctance 
to remove that treatment. In my opinion, this reluctance is based 
upon the fact that when the treatment is removed, the patient will 
likely die sooner than if the treatment had been continued, so the 
appearance is created that removing the treatment was the event 
that killed the patient. On the contrary, the disease process kills the 
patient. The treatment was shown to be ineffective in reversing the 
disease process and therefore was futile. The best approach to this 
diffi cult situation is to explain prospectively that a specifi c treatment 
will be instituted as a time-limited trial, with the time specifi ed. At 
the appointed time, depending upon the natural course of the dis-
ease process and the chosen treatment, the issue is then revisited. 
Either the treatment is successful and is no longer needed, or the 
treatment is achieving desired results and a new time-limited plan is 
created, or the treatment is unsuccessful with no reason to continue 
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and a plan to remove the treatment is created. The time-limited 
trial combines the advantages and avoids as much as possible the 
disadvantages of these two approaches to patient treatment.

ARTIFICIAL NUTRITION AND HYDRATION

Providing such support at end of life may at times be benefi cial; 
however, sometimes this intervention may be excessively burden-
some and may actually prolong the dying process. The use of arti-
fi cial nutrition and hydration involves a medical procedure with 
potential side effects and complications. That fact is also the reason 
that the proper terminology is to use the technical medical phrase 
“artifi cial nutrition and hydration,” not “providing food and water.” 
A decision to not provide or to discontinue this intervention may 
pose some signifi cant challenges particularly to families. Physicians 
need to assist patients and families to understand the role of artifi cial 
nutrition and hydration at the end of life, which is to provide tempo-
rary support to allow time for other interventions to have a chance 
to work. Families also need to understand that as body processes 
shut down, loss of the sensations of hunger and thirst are part of the 
dying process. Research has shown that discontinuing such support 
doesn’t contribute to suffering, but those concerns may persist (6).

DO NOT (ATTEMPT) RESUSCITATE STATUS

This status is indicated for most patients when it is anticipated 
that there is only a short length of life remaining. It means that 
the physician continues to provide all comfort care and when the 
patient slips into the fi nal minutes of life, nothing is done to stop 
that process. Sometimes physicians who have been reluctant to 
write an actual DNR order will indicate that any code procedure 
should be “slow” (when full resuscitative efforts are not expended 
with the pretense that they are). This is not appropriate as it repre-
sents an attempt to deceive, which is an ethical violation (6). Even 
in optimal circumstances, code procedures are not successful in the 
majority of patients, so any “restricted” code order (chemical code, 
do not intubate, no compressions) is even less likely to be success-
ful, therefore seldom indicated.

Obtaining patient/family permission for a DNR status order 
can be very challenging. Following the principles in the paragraph 
“communicating bad news” will be helpful. A suggested sequence 
of discussion can be:

1. Gently introduce the topic of end of life, such as “it looks like 
your disease isn’t really responding to treatment.”

2. Let the patient/family respond about their thoughts, feelings, 
and impressions.

3. Introduce the next statement such as “we have all been working 
to meet your needs and want to be sure we follow your wishes 
in the event your time is near.”

4. Again, let the patient/family respond.
5. Ask the question, “have you thought about what is most impor-

tant to you in how you want to spend your fi nal hours?”
6. If there is no clear direction from the patient/family, another 

question could be “in the event your heart stops, do you want to 
be kept alive on machines?”

7. It is always best to focus on the patient’s goals of care. Having 
the patient explain his or her last-hour wishes can also lead to 
the question, “so it sounds like you want your last hours to be 
quiet and peaceful and free of pain, with no machines to pro-
long the inevitable?”

8. The best approach is to be osteopathic and focus on the whole 
person, letting the dialogue fl ow from your human-to-human 
relationship. It is important never to take away hope and also to 

acknowledge that if the clinical situation improves, a change in 
DNR status can be made.

Families have specifi c needs at this time, as well as the patient (i.e.,) 
the need to understand the dying process, the need to have cul-
tural and religious differences understood and honored, the need to 
process grief. The osteopathic physician understands the important 
contribution of the family to the patient’s overall well-being.

SUDDEN ILLNESS

A particularly diffi cult aspect of end-of-life care arises when the 
terminal illness/trauma has occurred suddenly without warning 
and especially in an otherwise healthy and/or young person. All 
the principles of good communication apply. The physician must 
be aware that the level of understanding about the terminal illness 
including the options and pathway ahead will likely be minimal. 
Determining the approach to care will be a delayed “process” and 
may be much more contentious as the terminal nature of the ill-
ness is complicated by the unexpected nature of the situation. The 
grief and anger that result from the sudden and unplanned nature 
of the illness are almost inevitable. Frequently, the physician has 
never met that new patient and/or family until this event; so this 
fact further complicates patient care as there is no basis for trust 
in the physician–patient relationship. The best approach is always 
to be as open as possible, provide as much information as possible, 
and never withhold partial information waiting for more defi ni-
tive testing. It is also appropriate to err on the side of life to allow 
families time to process the grief. The assistance of social workers 
and other support staff as well as any of the patient’s or family’s 
personal trusted advisors, especially including spiritual advisors, is 
never more valuable than in this situation.

MEDICAL FUTILITY

A further aspect of sudden illness but also of other terminal ill-
nesses is the issue of medical futility. Present-day medical care has 
not been well served by the media where every illness is solved at 
the conclusion of the movie or the TV show. There is a very high 
expectation by the American public that with suffi cient consulta-
tions, testing, and interventions, every patient can be saved, for the 
present day. Also, the lack of medical knowledge in the general 
population complicates this issue, as there is often little under-
standing of basic anatomic and physiologic principles. The phy-
sician is often faced with a demand/expectation that a particular 
intervention should be instituted, when there is no possibility that 
the intervention is appropriate or indicated for the diagnosis. An 
excellent example is that of the individual who has suffered a severe 
crush injury to the chest in a motor vehicle accident, which has cre-
ated a diminished cardiac output that has prevented adequate per-
fusion of the kidneys resulting in kidney failure. The demand for a 
kidney transplant in this situation is a request for a medically futile 
procedure. While technically feasible, a kidney transplanted into 
this setting of inadequate perfusion is also doomed to fail. The best 
approach is a thorough explanation, assistance from social work-
ers, and a willingness to understand, acknowledge, and tolerate the 
frustration of the person requesting the futile intervention.

PHYSICIAN-ASSISTED SUICIDE AND 
PHYSICIAN-ASSISTED DEATH

Currently in fl ux is the issue of physician-assisted suicide (PAS). 
While Oregon is the only state that currently allows the full legal 
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provision of PAS, other state legislatures are also addressing this 
issue in various forms. The general provisions of the Oregon law 
require verifi cation of terminal status without depression, a waiting 
period between a repeated request for PAS, and the ability to swal-
low the specifi ed prescribed barbiturate in liquid form.

The U.S. attorney general fi led a law suit against the state of 
Oregon opposing PAS and lost the case. In an interesting turn of 
events, although both the AOA and the American Medical Asso-
ciation offi cially oppose PAS, both organizations opposed the 
attorney general’s lawsuit. This opposition was based on the prem-
ise of the lawsuit, which was that physicians should not be allowed 
to prescribe medication for an off-label use. Therefore, the impli-
cation was that since no medication is approved by the Food and 
Drug Administration for assisting a patient to commit suicide, that 
practice would have been judged illegal if the lawsuit had prevailed. 
Taking this outcome to the next step runs afoul of the fact that 
included in most state medical licensure statutes is the preroga-
tive of physicians to use best judgment to prescribe medication for 
off-label purposes, so if this lawsuit had been successful, the unin-
tended consequence would have set a chilling precedent leading to 
restriction of the lawful practice of medicine in every setting.

The AOA opposes the practice of PAS. Such a practice puts the 
physician in the position of making a determination as to whether 
to be on the side of working to save a patient or on the side of work-
ing to kill a patient. No physician should have to make that deci-
sion and no patient should wonder if the physician is weighing that 
option. In a survey of 988 terminally ill patients by Emanuel and 
associates in 2000, identifi ed factors associated with a patient being 
less likely to consider euthanasia or PAS which were “feeling appre-
ciated, being aged 65 years or older, and being African American.” 
Factors associated with being more likely to consider euthanasia or 
PAS were “depressive symptoms, substantial care giving needs, and 
pain”(14). Foley (15) makes the strong point that competent care 
for the dying can relieve the concern of those patients considering 
PAS, and this approach should be advocated in preference to PAS.

There is also a move to change the descriptive title of this practice 
from PAS to physician-assisted death. This proposed change would 
appear to be an attempt to camoufl age the fact that when the patient 
takes the prescribed medication for its intended purpose, the patient is 
committing suicide and the physician assisted that suicide by provid-
ing the means. PAS (where the physician provides the means and the 
patient acts) is also clearly differentiated from euthanasia (where the 
physician provides the means and completes the act for the patient).

There is no question this is a highly emotionally charged issue 
with no lack of strength of opinions on both sides. The perspec-
tive of proponents of physician-assisted suicide is PAS is the best 
alternative to other methods of ending one’s life when the burdens 
of that life have become untenable from the patient’s perspective. 
Only a small percentage of those patients in Oregon who have 
invoked the provision of this law, have actually consummated this 
method of ending their life, indicating that making this request 
was as much to provide the option for control of the dying process 
as to actually use that option.

STUDENTS AND END-OF-LIFE CARE

To what degree should students be involved in this process? Should 
students restrict participation to information gathering? If so, 
are there key elements to determine? How do they record their 
fi ndings (this information doesn’t exactly fi t in the SOAP note)? 
Should students ever introduce discussion in this area? If so, are 
there limits to how they advance the information that they gain? 
Who is the recipient of the information they gather: attending, 

case worker, hospital chaplain, or potential hospice person? This 
is a most provocative series of questions to which the answer is 
yes, no, maybe, sometimes, and even “I don’t know.” After learning 
how to diagnose and treat disease, the student on clinical rotation 
starts to experience the biggest challenge to being a physician, how 
to translate all that knowledge into real patient care. The patient 
who can’t understand, refuses to listen, chooses not to follow the 
instructions, or hides the true problem out of fear is still the patient 
who needs care. The physician has to learn that he or she is fre-
quently part of the trigger or reason the patient acts and responds 
in the way he or she does. The physician–patient relationship is 
ultimately the strongest tool the physician has to help the patient. 
The student physician cannot wait to learn to work in this relation-
ship until after completion of residency.

On the other hand, the student physician is still a student 
working under the attending physician’s license. The best guidance 
I can provide is to include the following question in every history 
and physical, “have you made anyone aware of your wishes for the 
end of your life through some tool like a living will?” The answer 
is to be precisely documented as stated by the patient, in the notes 
section of the chart in the appropriate manner with the rest of the 
history and physical information such as “last tetanus shot, last 
mammogram, last colonoscopy, etc.” This simple question opens 
the door for the patient to walk through if desired. If the patient is 
not ready to discuss this topic, the answer will indicate it is time to 
move to the next topic. The student is not expected to probe any 
further, to answer questions, or to counsel the patient. The student 
is expected to bring to the attention of the attending physician (or 
designee such as a resident) if the patient requests further discus-
sion or information. The student should function like a conduit 
to carry information and concerns from the patient to the attend-
ing physician who can assess the situation and decide what orders 
are appropriate, including a possible DNR status. The patient will 
set the tone, indicate the depth and length of the conversation, 
indicate whether further questions are appropriate, or whether 
the patient just wants a willing listener. Many times, the patient 
has been waiting for a physician to broach this topic. Two leaders 
in end-of-life care, Dr. Susan Block and Dr. J. Andrew Billings, 
have studied the student–physician interaction with the dying and 
suggest that end-of-life care may be the ideal training ground for 
young doctors (16).

SUMMARY

Although the challenges of patient care at end of life are daunting, 
it is a truly rewarding time to care for patients. Every one of our 
patients and each of us will pass through this experience. It can be 
handled well or be given short shrift. It may be the only opportu-
nity to bring to bear all the best that osteopathic medicine has to 
offer, honoring the patient as a whole person and calling upon each 
osteopathic physician to create the milieu for the use of everything 
we have learned. To share this time with a patient and make his or 
her last days comfortable and meaningful is a true gift, a recipro-
cal gift that the patient and physician give each other. The physi-
cian who welcomes and embraces the interaction at end of life is 
touched in ways that won’t be forgotten by the patient, the family, 
or the physician.
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Evidence-Based Medicine
ROBERT CARDARELLI AND BRENT W. SANDERLIN

INTRODUCTION

Physicians of today are confronted with an insurmountable amount 
of medical information from a variety of sources (1,2), much of 
which has the potential to change the way we practice medicine 
and care for our patients. Many medications or treatment modali-
ties, which were formerly considered to be the standard of care, 
have now been shown to either be of questionable benefi t or even 
to cause harm to our patients. Thousands of health care research 
articles are published each month (3)—far beyond the capacity 
of any physician to read. This knowledge explosion is primarily a 
result of electronic resources such as the Internet and has forced 
physicians to be selective in what they use to stay updated, thus 
making valid information, and the ability to assess for validity, 
more important than ever.

The concept of Evidence-Based Medicine (EBM) evolved 
in 1992 by the Evidence-Based Medicine Working Group (4). 
EBM is intended to provide a method for practicing physicians 
to effi ciently utilize published research to improve the care they 
provide in their clinical practice. EBM builds upon a framework 
that allows physicians to provide the most valid patient-oriented 
information to patients within the time constraints of a typical 
practice (5).

Why is EBM important to osteopathic physicians? Andrew 
Taylor Still originally broke from traditional medicine as a result of 
his observation that the allopathic medicine of the time was often 
more harmful to the patient than no treatment at all, violating 
one of the key tenets of modern medicine—“fi rst do no harm” (6). 
Osteopathic medicine was founded upon an ideology that the 
body can heal itself and that the physician’s role was to assist it in 
this process. As scientifi cally valid treatments became available in 
pharmacotherapy and surgery, Still and other osteopathic physi-
cians began to embrace and utilize them. For today’s osteopathic 
physicians, it is important to use scientifi cally valid methods of 
treatment and diagnosis to care for our patients. EBM provides us 
with a framework to do this.

32
K E Y  C O N C E P T S

■ Evidence-based medicine (EBM) builds upon a framework of valid patient-oriented information dispensed within 
the time constraints of a typical practice.

■ The EBM approach of today is, in effect, an elaboration of osteopathic medicine’s break away from the harmful 
effects of 19th century medical treatments in pharmacotherapy and surgery.

■ In the practice of EBM, an easily grasped series of steps allows physicians to utilize the best-available research 
in caring for their patients.

■ The focus of EBM is the appraising of individual research studies of therapy, diagnosis, harm, and 
prognosis.

■ EBM functions as a tool for the practicing physician. Repetition and practice are the key to becoming 
comfortable and effi cient with the concepts and steps, allowing physicians to stay informed and to properly 
inform the patient.

STEPS IN PRACTICING EVIDENCE-BASED 
MEDICINE

The practice of EBM is based upon a series of steps that allows 
physicians to utilize the best available research in caring for their 
patients (5). These fundamental steps are:

1. Ask an answerable question.
2. Search the available evidence.
3. Critically appraise the evidence for its validity, impact, and 

applicability.
4. Integrate this critical appraisal with the physician’s clini-

cal expertise and the patient’s unique biology, values, and 
circumstances.

5. Evaluate and improve how one performed the fi rst four steps.

Step 1: Ask an Answerable Question

There are two types of questions that one can ask: background 
questions and foreground questions. Background questions are 
those that ask for general knowledge or background about a cer-
tain condition, illness, or some aspect of health status and are 
commonly asked by learners early in their career. Foreground ques-
tions ask for specifi c information in order to perform clinical deci-
sions or actions (5). Foreground questions have four components, 
also known as the “PICO” format: (a) patient and/or problem; 
(b) intervention or exposure; (c) comparison (if relevant); and 
(d) clinical outcome (including time if relevant) (5). An example of 
a foreground question is “In adults with diabetes mellitus, would 
the use of metformin lower the risk of having a cardiovascular event 
compared to taking a sulfonylurea?” Well-formulated questions cre-
ate a basis for a well-defi ned literature search and appraisal process.

Step 2: Search the Available Evidence

Once an answerable question is formulated, the next step is to search 
the available evidence for an appropriate answer. It is important 
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to biased results. For example, if very sick patients do not complete 
a study or drop out of the study early because of death or unac-
ceptable side effects, the outcome may appear falsely favorable if 
they are not accounted for. Furthermore, study participants should 
be analyzed in their original group assignment. This principle is 
called “intention-to-treat analysis” (7). A crude “5 and 20 rule” 
can guide readers in determining the completeness of the study (8). 
If less than 5% of the study population is lost to follow-up, one 
can be reassured that the loss to follow-up minimally impacts the 
results. However, if more than 20% of the study population is lost 
to follow-up, caution is advised. One must weigh the strengths and 
weakness of the study itself, such as the study’s sample size and the 
length of the study, when there is a 5% to 19% loss to follow-up.

Treating all Participants Equally
Keeping study groups blinded would prove to be diffi cult if the 
intervention and the control groups were treated differently. For 
example, if study participants in the intervention group had more 
frequent follow-up visits or if the study pill looked and tasted dif-
ferently than the placebo pill, participants may develop the suspi-
cion that they were receiving the intervention or the placebo.

Ensuring Study Groups are Similar
The description of a study population is usually found in the fi rst 
table of an article. Since there are always some established risk 
factors that may affect the outcome, it is important to determine 
whether these factors are equally balanced between study groups. 
Another important consideration is that the study’s population 
should be relatively similar to the physician’s practice population. 
This increases the likelihood that the study’s results can be gener-
alized to a specifi c patient population.

Additional Validity Criteria for Therapeutic Studies
Randomization is the most important factor that impacts the 
validity of a therapeutic study (9). It ensures that each person has 
the same probability of being chosen and assigned to a specifi c 
study group. Nonrandomized studies may consciously or uncon-
sciously cause an imbalance of important factors that can poten-
tially impact the study’s fi nal results.

Additional Validity Criteria for Diagnostic Test Studies
Both the diagnostic test and the reference standard test must be 
performed and compared to one another. This should not be an 
issue if the study is truly blinded. The reference standard estab-
lishes whether the disease of interest is present or not (10), allowing 
the diagnostic test’s characteristics to be calculated (i.e., sensitivity, 
specifi city, etc.).

Additional Validity Criteria for Harm Studies
The follow-up period in a valid harm study should be suffi ciently 
long since short follow-up periods may allow too little time for the 
disease (outcome) to manifest. The length of the study is deter-
mined by the study question, intervention, outcomes of interest, 
and limiting circumstances (i.e., funding). Phase IV clinical tri-
als represent the study period in which participants are followed 
over extended periods of time. Recent FDA actions, such as pull-
ing certain medications off the market, highlight the importance 
of having suffi ciently long follow-up periods to monitor potential 
adverse events.

Additional Validity Criteria for Prognostic Studies
Prognostic studies usually stratify the study group into cohorts based 
on comorbid conditions or factors that infl uence the outcome (11). 

to realize that not all evidence is of equal value. Systematic reviews, 
randomized controlled trials, observational studies, and secondary 
publications are resources of evidence of varying degrees of reliability. 
The most reliable information comes from homogeneous systematic 
reviews (with or without meta-analyses) comprising multiple ran-
domized controlled trials. The next most reliable information comes 
from individual randomized controlled trials followed by observa-
tional studies. Although this list represents a hierarchy, caution is 
advised since the best study design is determined by the study ques-
tion. Moreover, a systematic review is only as good as the individual 
studies that are summarized in the review. Clinical guidelines are a 
source of evidence that must also be critically appraised since the 
development of a guideline may be based on expert opinion (low 
quality) or independent well-designed trials (high quality). Another 
valuable source of evidence for practicing physicians is secondary 
publications, such as Journal of Evidence-Based Medicine, which is a 
collection of articles from various journals that are already appraised 
for the reader with summary recommendations.

Step 3: Assess the Evidence for Validity, 
Impact, and Applicability

Physicians spend a considerable amount of time making therapeutic 
decisions, performing and ordering diagnostic tests, understanding 
the potential risks of their and the patients’ actions, and assess-
ing potential long-term outcomes of medical decisions. Hence, 
the focus of this introductory EBM chapter is on appraising indi-
vidual research studies of therapy, diagnosis, harm, and prognosis. 
It should be noted that there are methods to appraise other types 
of articles such as decision prediction rules, cost-effective analyses, 
clinical guidelines, and so on. However, these are beyond the scope 
of this chapter and readers are encouraged to seek other valuable 
resources on these topics.

Shared Concepts Impacting a Study’s Validity
When assessing the validity of therapeutic, diagnostic, harm, and 
prognostic articles, there are some core concepts that they all share. 
These concepts include blinding, accounting for all study partici-
pants at the end of the study, treating each study participant equally 
throughout the study, and ensuring the participants are similar to 
some extent. These concepts are discussed in more detail below 
and then followed by additional validity questions that are specifi c 
to the article type.

Blinding
In therapeutic and harm studies, study participants, clinicians, and 
investigators should not know who is allocated to the interven-
tion group or control group. Unblinded studies have the poten-
tial to introduce signifi cant bias into the study since participants, 
and researchers alike, may respond differently or intentionally (or 
unintentionally) alter the study’s protocol. Double-blinding refers 
to keeping the participants and investigators (including clinicians) 
blinded to avoid conscious or unconscious actions that may jeopar-
dize the integrity of the study.

In diagnostic studies, the test of interest is normally compared to 
a reference standard. Comparing a rapid streptococcal test to a throat 
culture is such an example. The testers should be blinded to the diag-
nostic test results (i.e., rapid streptococcal test) when performing and 
interpreting the reference standard test (i.e., throat culture).

Accounting for all Study Participants
All patients who started the study must be accounted for at the end 
of the study since a large loss of participants to follow-up may lead 
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placebo group is the “control event rate” (CER), also considered the 
baseline risk.

The proportion of those who died in the intervention group 
(received beta-blocker) is called the “experimental event rate” 
(EER). The relative risk reduction (RRR; RRR = CER − EER/
CER) is common term that is used to explain the magnitude of 
a treatment effect. However, the RRR conveys limited informa-
tion to the clinician because it does not take the baseline risk into 
account, not giving the clinician the ability to discriminate large 
treatment effects from small ones. The absolute risk reduction 
(ARR; ARR = CER − EER) takes the baseline risk into account 
(12). By taking the reciprocal of the ARR, the number needed to 
treat (NNT; NNT = 1/ARR) can be calculated (5). The NNT cor-
responds to the number of patients who need to take the therapy 
(i.e., beta-blocker) to prevent one outcome (i.e., death) over a cer-
tain period of time.

The Magnitude of  Diagnostic Test Characteristics
The characteristics of a diagnostic test can be calculated by using 
a 2 × 2 table, as depicted in Table 32.2. The columns often refer 
to the presence or absence of the disease of interest as determined 
by a standard reference. The rows of the table are the “positive” or 
“negative” results of the diagnostic test of interest.

Based on Table 32.2, the prevalence of the disease (i.e., con-
gestive heart failure) in the study population is 10.7%. A patient’s 
pretest probability (the probability that a patient has the disease 
before the diagnostic test is performed) can be estimated by the 
prevalence if the patient is relatively similar to the study popula-
tion. The positive predictive value is the probability that a patient 
has the disease if the diagnostic test is positive, whereas the nega-
tive predictive value is the probability that they do not have the 
disease if the test result is negative. Sensitivity is another char-
acteristic of a diagnostic test that is commonly reported, which is 
defi ned as probability of a positive test given that the target disease 
is present. Specifi city is defi ned as the probability of a negative 
result given that the target disease is not present. These parameters 
are then used to calculate the positive (LR+) and negative (LR−) 
likelihood ratios of diagnostic tests. The LR+ is the ratio of the true-
positive rate to the false-positive rate. In the example in Table 32.2, 
a positive test result would be 9.77 times as likely in someone with 

These factors can include the stage of disease or other diseases that 
may impact the outcome of interest. Demographic factors (i.e., age, 
sex) and environmental risk factors must also be considered. These 
potential “confounding” factors can be addressed using statistical 
techniques or participants can be matched (i.e., paired up) at the 
start of the study.

Assessing the Importance of Studies
Once the validity of a specifi c article is established, the next step is 
to assess the magnitude of its treatment effects.

The Magnitude of  Effects of  Therapeutic Studies
Most studies report their outcome in a dichotomous fashion. For 
example, one may evaluate whether or not daily use of a beta-blocker 
prolongs life after an initial myocardial infarction (Table 32.1). 
One can then compare the event of interest (i.e., death rates) 
among those who received a beta-blocker and those who received 
nothing (or placebo). The proportion of those who died in the 

T A B L E  3 2 . 1

Hypothetical Example for Calculating 
EER and CER

Study Plan
Received 
Beta-blocker

Received 
Placebo

Number of patients in 
each group

100 100

Died within 2 y since 
initial myocardial 
infarction

5 15

EER = 5/100 = 0.05 = 5%
CER = 15/100 = 0.15 = 15%
RRR = 0.15 − 0.05/0.15 = 0.67 or 67%
ARR = 0.15 − 0.05 = 0.10 or 10%
NNT = 1/0.10 = 10

T A B L E  3 2 . 2

Example of a 2 × 2 Table

Target Disorder

CHF No CHF Totals

Diagnostic test result BNP ≥ 100 138 (a) 118 (b) 256 (a + b)
BNP < 100 19 (c) 1196 (d ) 1215 (c + d )

Totals 157 (a + c) 1,314 (b + d ) 1,471 (a + b + c + d )

Prevalence = (a + c)/(a + b + c + d ) = 157/1,471 = 10.7%
Positive predictive-value = a/(a + b) = 138/256 = 53.9%
Negative predictive-value = d/(c + d ) = 1,196/1,215 = 98.4%
Sensitivity = a/(a + c ) = 138/157 = 87.9%
Specificity = d/(b + d ) = 1,196/1,314 = 91.0%
LR+ = sensitivity/(1 − specificity) = 0.879/1 – 0.91=9.77
LR− = (1 − sensitivity)/specificity = 0.25/0.88 = 0.28 (1 − 0.879)/0.91 = 0.13
BNP, B-type natriuretic peptide; CHF, congestive heart failure.
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cultural, economic, religious, and other special circumstances that 
impact the applicability of evidence to the specifi c patient. In fact, 
many physicians, especially osteopathic physicians, start the appli-
cation of EBM at this step. A physician should take into account 
the patient’s beliefs and wishes, such as lifestyle modifi cation over 
taking a medication. Although the physician should be knowl-
edgeable of the current guidelines and evidence, patient-centered 
decision making should be at the core of the patient–physician 
relationship (15). Social and economic factors regularly impact 
what the patient is willing to do regardless of what the evidence 
shows. High medication costs and copayments are common rea-
sons why patients fail to take prescribed medications (16). These 
barriers must be considered at the clinical encounter in order to 
keep the best interest of the patients in mind. Patient-centered care 
involves offering and discussing alternative options for the patient 
to consider. Moreover, it involves listening, assessing, assimilating, 
and delivering a shared treatment plan with the individual patient. 
Without this, EBM truly becomes “textbook medicine.”

As discussed earlier in the chapter, one can only apply the evi-
dence of a study to a patient if the study population is similar to 
that patient. This applies to the demographic characteristics of the 
study population and also the factors that may have impacted the 
study’s results. For example, a study assessing a medication’s effi -
cacy on heart failure symptomatology may have excluded diabetics 
or patients with a history of a myocardial infarction. The question 
becomes, “Can these results be applied to a patient who is a dia-
betic and had two previous myocardial infarctions?”

Step 5: Evaluate and Improve on Performance of 
Steps 1 to 4

This chapter is the fi rst of many steps to becoming profi cient in 
practicing EBM. This chapter outlined some of the basic EBM 
principles to allow physicians, residents, and medical students to 
begin understanding its importance. Repetition and practice are 
the key to becoming comfortable and effi cient with the concepts 
and steps required to appraise different articles. EBM functions as 
a tool for the practicing physician, allowing them to stay informed 
and able to properly inform the patient. The systematic approach 
to appraising articles is only one part of EBM mastery. Failing to 
utilize personal expertise and consider patient values and expecta-
tions gives credit to those who criticize EBM as “textbook medi-
cine.” So what’s next? Continue reading articles on EBM, attend 
sessions at conferences, and start appraising one article a week. As 
a guide to appraising articles, PowerPoint presentations and work-
sheets are available at no cost at http://www.hsc.unt.edu/depart
ments/cebm/lectures.htm.
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the disease as in someone without the disease. Likewise, the LR is 
defi ned as the ratio of the false-negative rate to true-negative rate. 
There are two mnemonics that are used in remembering the clini-
cal applicability of specifi city and sensitivity: (a) for a test with a 
high Specifi city, a Positive result rules-in the diagnosis (SpPin) (5) 
and (b) for a test with a high Sensitivity, a Negative result rules-out 
the diagnosis (SnNout) (5).

The Magnitude of Effects from Harm Studies
The magnitude of association in retrospective studies is reported 
as an odds ratio where a value of less than one confers a protective 
effect of the intervention and a value of greater than one confers 
a detrimental effect of the intervention. A sample calculation is 
shown in Table 32.3.

Prospective studies (i.e., clinical trials and cohort studies) report 
the magnitude of an association by using a “Relative risk” which is 
defi ned as “the ratio of the risk in the treated group (EER) to the 
risk in the control group (CER)” (5,13). Interpretation of the rela-
tive risk is the same as the odds ratio and a sample of a relative risk 
calculation is also shown in Table 32.3. The odds ratio and the rela-
tive risk are diffi cult to conceptualize for patients and physicians, and 
thus can be reported as the Number needed to harm (NNH). The 
NNH is defi ned as the number of patients who need to be exposed 
to the causative agent to produce one additional harmful event over a 
specifi ed period of time (5,14). The calculation is shown in Table 32.3 
but can only be utilized for clinical trials and cohort studies.

The Magnitude of Prognostic Study Results
The outcome of prognostic studies provides information about 
survival over time. A survival curve is one of the most common 
ways prognostic data are presented. It provides the proportion of 
individuals who are alive (i.e., have not had the outcome, such as 
death) at any given time point. Prognostic information can also 
be presented as the probability of being alive at a particular point 
in time, usually at 1- or 5-year time points. In addition, median 
survival is used to describe the amount of time in which 50% of 
patients have died. At times, all three measures are required to be 
fully informed about the prognosis of certain diseases.

Step 4: Applying the Evidence to the Patient

One of the strongest links between osteopathic medicine and 
EBM practice is the need to consider the whole patient in terms of 

T A B L E  3 2 . 3

Calculating an Odds Ratio (OR) and 
Relative Risk (RR)

Adverse 
Outcome

No Adverse 
Outcome

Exposure to treatment (a) (b)
No exposure to treatment (c) (d )

Calculations:
OR = (a) × (d )/(b) × (c)
RR = [a/a + b]/[c/c + d ]
EER = a/(a + b)
CER = c/(c + d )
Absolute risk increase (ARI): EER – CER
NNH = 1/ARI
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SECTION I BASIC EVALUATION

Palpatory Examination
WALTER C. EHRENFEUCHTER AND ROBERT E. KAPPLER33

INTRODUCTION

The scanning evaluation is carried out in all body regions indicated 
by abnormalities found in the screening exam. Therefore, fi ndings 
of asymmetry, spinal curve abnormalities and abnormalities of 
body posturing, combined with regional range of motion testing, 
guide the physician in choosing the location(s) to perform layer-
by-layer palpation. In the case of more than one area of abnormal-
ity being identifi ed, typically it is the region of greatest motion loss 
that is evaluated fi rst, that is where the key lesion is most likely 
located.

PALPATION DEFINED

The Glossary of Osteopathic Terminology defi nes palpation as 
the application of variable manual pressure to the surface of the 
body for the purpose of determining the shape, size, consistency, 
position, inherent motility, and health of the tissues beneath (1). 
Another defi nition is Palpation is the lightly placing of hands or 
fi ngers on the patient’s body to discover changes from the normal 
condition of soft tissues, bones or organs beneath the surface of 
the skin, as well as the skin itself (2). The reality is that there has 
been no device developed that comes close to mimicking, let alone 
exceeding the tactile sensitivity of the human hand.

When performing palpation in a given region of the body, it is 
best to apply a layer-by-layer approach. This consists of:

■ Observation
■ Temperature
■ Skin topography and texture
■ Superfi cial fascia
■ Muscle
■ Tendons
■ Ligaments
■ Bone
■ Erythema friction rub

Palpation always includes notation of any areas of tenderness, 
which is defi ned medically as the presence of pain elicited by palpa-
tion. How hard does one need to press to accomplish these various 
layers? Light surface palpation requires only a few grams of pres-
sure. Deep bony palpation requires about 1,500 g of pressure or 
about 3.33 lb (8).

K E Y  C O N C E P T S
■ No known device has been developed that exceeds the tactile sensitivity of the human hand.
■ The development of palpation can be accomplished through various exercises.
■ Familiarization with determination of layers of the body is the outcome of progressive developmental exercises.
■ The learning process for the physician never stops.
■ The development of a high level of palpatory skill is ongoing, requiring patience and practice.

OBSERVATION

Visual observation of the skin surface must precede any palpatory 
examination (Fig. 33.1). Observation is made of the skin color, and 
any adnexal changes such as the presence of pimples, dry or scaly 
skin, folliculitis, and pigmentary changes. The spinal segments or 
body surface associated with any fi ndings are noted for further 
review during the examination. These refl ect local sympathetic 
nervous system changes and neural trophism that can be segmen-
tally associated with somatic dysfunction.

TEMPERATURE

Skin temperature has been observed since the time of Hippocrates. 
He observed the patient for hot spots by having an assistant smear 
the patient with a thin layer of mud. Areas that dried fi rst were 
warmer than those that did not.

Today the osteopathic physician evaluates the skin temperature 
by using the volar aspect of the wrist, or the dorsal surface of the 
hypothenar eminence of the hand. The physician does this by plac-
ing the wrists or hands a few centimeters above the area to be tested 
and using both hands to evaluate the paraspinal areas bilaterally 
simultaneously, searches for areas of thermal asymmetry (Fig. 33.2).

Heat radiation may be palpated in many other areas of the body 
(e.g., the abdomen or extremities). If the physician is unable to dis-
cern a temperature difference while off the skin surface, then he or 
she may at this point make very light contact with area to be exam-
ined. The hands are then lifted off, not dragged along the surface, 
and then replaced gently on the next levels to be examined. Again, 
the spinal segments or body regions of abnormality are noted.

Changes in temperature refl ect a change in local blood fl ow 
that may be due to infl ammation, or to the changes in sympathetic 
tone associated with segmental somatic dysfunction.

SKIN TOPOGRAPHY AND TEXTURE

A very light touch is used. Generally, the palmar surface of the 
fi ngertips is used for this type of palpation. This pressure will per-
mit the fi nger pads to glide smoothly over the skin surface without 
excessive friction.

The skin is evaluated for sweat gland activity, greasiness (seba-
ceous gland activity), thickening, or roughness. The spinal segments 
or body regions of abnormality are noted. Gently pressing the fi n-
gers into the skin surface will allow the physician to evaluate for 
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typically necessary to blanch the physician’s nail beds. An irritable 
muscle will twitch in response to this “plucking” of the muscle.

The physician evaluates muscle turgor, tension, thickness, 
shape, and irritability. Many terms are used to describe the changes 
that are felt in abnormal musculature: ropiness, stringiness, fi brotic, 
dense, and so on. The segmental location of any of these changes 
is noted as well as the character of the muscle tissue at that loca-
tion. While muscle hypertonicity may extend for a number of levels 
(e.g., T4-9 left paraspinal), the physician also notes the level of 
peak muscular change (T6 left PVM). The location of any tender-
ness elicited or trigger points discovered is also noted.

TENDONS

Although tendons are not readily palpable in the paraspinal tissues, 
in the periphery tendons should be traced to their bony attachments 
as well as their continuity with the muscle. Any fi brous thickening, 
change in elasticity, or tenderness should be noted. Tenderness at 
the muscle attachment to bone is termed an enthesopathy. Trigger 
points are commonly located in the myotendinous junction.

LIGAMENTS

The ligaments accessible to palpation vary with location in the 
spine. Palpation of the ligaments should include a search for the 
presence of the ligament (absence indicating a traumatic rupture or 
congenital absence), tension in the ligament (normal, excessive, or 
lax), and elicited tenderness.

BONE

Even deeper pressure will allow the physician to palpate the bony 
structures beneath the musculature. The bone is palpated for evalu-
ation of normal contour, tenderness, and for motion.

ERYTHEMA FRICTION RUB

In erythema friction rub, the pads of the physician’s second and 
third fi ngers are placed paraspinally and then in two or three quick 
strokes drawn cephalad to caudad down the spine (Fig. 33.5). The 
normal tissue response is initial blanching followed by reddening 
of the skin surface, followed by a slow fading of the redness back 
to normal skin color.

Any deviation from this by tissues remaining pale, remaining 
red, or becoming red initially instead of pale, is abnormal and the 
spinal levels and laterality of the fi ndings are noted.

Most of us use fi ne palpation on a daily basis without realizing 
it. We do such things as picking coins out of a pocket or purse by 
touch. We readily differentiate between dimes, nickels, pennies, and 
quarters, based on the known characteristics of each coin (10).

changes in skin turgor and tension. These changes refl ect a change in 
local sympathetic nervous system activity associated with segmental 
somatic dysfunction.

SUPERFICIAL FASCIA

The physician now makes a broader contact with the skin surface 
and presses gently with the palm of the hand to engage the fascia. 
The amount of pressure necessary typically causes slight reddening 
of the physician’s nail beds (Fig. 33.3). The physician gently moves 
the hands cephalad and caudad, side to side, and clockwise and 
counterclockwise to elicit motion tensions and directions of ease 
and bind in the superfi cial fascia.

Gradually applying more pressure will allow the physician to 
evaluate deeper and deeper layers of fascia right down to the mus-
cular investing fascia. The segmental levels or body regions associ-
ated with asymmetric bind of the fascias are noted, as well as the 
depth of penetration necessary to elicit that alteration. Any areas of 
tenderness are likewise noted.

MUSCLE

Deep palpation is defi ned as pressure suffi cient to contact the peri-
axial tissues of the spinal column. Muscle is the next layer of tissue 
to be palpated, and additional pressure is required to feel through 
the superfi cial tissues to get to the musculature. The amount of 
pressure varies from patient to patient depending on the thickness 
of the subcutaneous fat layers. The thicker the fat, the more dif-
fi cult it is to palpate changes in the deeper tissues.

Typically, the pads of the fi ngers are aligned perpendicular to 
the direction of the muscle fi bers and fi rmly pressed into the muscle 
then rolled across the fi ber bundles (Fig. 33.4). Suffi cient pressure is 

Figure 33-1 Observation.

Figure 33-2 Temperature.
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outlines the changes one would expect in the presence of either 
acute or chronic somatic dysfunction. This would allow an exam-
iner to ascertain whether a somatic dysfunction is new (acute) or old 
(chronic) or perhaps a combination of the two (acute exacerbation 
of a chronic condition). This determination is critical in choosing 
the correct manipulative techniques to apply to a given individual.

PALPATORY EXERCISES

Learning Palpatory Technique

To accomplish this task, it is necessary to teach the fi ngers to feel, 
think, see, and know. One feels through the palpating fi ngers on the 
patient; one sees the structures under the palpating fi ngers through 
a visual image based on knowledge of anatomy; one thinks what is 
normal or abnormal; and one knows with a confi dence acquired by 
practice that what is felt is real and accurate.

Through complex peripheral and central processing, the small-
est sensory perception can be amplifi ed to the point of conscious 
recognition and analysis.

Exercise 1: Palpating Inanimate Objects

Purpose
To perceive slight tactile differences of tissue texture and motion. 
Exercises on inanimate objects serve to sharpen tactile concentra-
tion and attention. Concentration is essential. Close the eyes to 
eliminate extraneous stimuli. Pay attention to kinesthetic sensa-
tions received through the fi ngers.

Procedure

1. Put a mixture of coins in a pocket or purse. By touch, distin-
guish between heads and tails, and between pennies, dimes, 
nickels, and quarters. Identify date lines on the coins.

2. Locate a hair that has been placed under a sheet of paper; 
attempt to estimate its length. Add sheets of paper until you 
can no longer palpate the hair.

3. Palpate several types of human bones. Identify the bones and 
their component parts, envisioning the tissue that normally sur-
rounds them.

4. Palpate a human bone and a solid plastic imitation of the same 
bone. Identify the characteristics of the human bone that distin-
guish it from the replica.

Mitchell (3) calls palpation a two-way communication system in 
which the patient’s tissues react to the presence of the palpator’s 
hand. This is more likely to occur when palpation has been prac-
ticed over a period of time.

Three steps defi ne the process. The fi rst is detection, the second 
is internal amplifi cation or magnifi cation, and the third is analysis 
and interpretation. This last step translates palpatory fi ndings into 
meaningful anatomic, physiologic, or pathologic states (V. Frymann. 
Syllabus for workshop on palpation, 1990). Familiarity with osteo-
pathic terminology permits description of palpatory fi ndings in 
consistent terms.

Effective palpatory technique cannot be learned by observa-
tion. Watching another physician palpate a patient indicates where 
the hands are placed but gives little or no indication of the feel of 
tissues being palpated.

Many individuals have a dominant hand with which they pre-
fer to palpate or motion test. This may or may not be the hand with 
which they write. Recognition of a dominant hand will allow the 
individual to develop a compensatory mechanism to obtain accu-
rate information when using both hands.

There is no substitute for experience. Inexperienced examiners 
have been shown to be able to palpate motions as small as 1 mm 
in excursion. Experienced examiners have been shown to palpate 
motion as small as 0.0846 mm (3/100").

The diagnosis of somatic dysfunction requires at least two of 
the following:

■ Tenderness
■ Asymmetry
■ Range of motion changes
■ Tissue texture changes

The scanning examination, applied to areas of previously discovered 
screening abnormalities, provides further information on asym-
metry, tenderness, and tissue texture changes associated with the 
somatic dysfunction. It also provides an opportunity for segmental 
localization.

There are three basic phases to kinesthetic observation 
(palpation):

1. Detection
2. Internal amplifi cation and magnifi cation (eyes closed)
3. Combining Nos. 1 and 2 with the physician’s three-dimensional 

knowledge of anatomy yields analysis and interpretation (4).

What remains now is for the physician to interpret the results 
of the palpatory examination on a level-by-level basis. Table 33.1 

Figure 33-3 Palpating fascia.

Figure 33-4 Palpating muscle.
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Procedure

1. Look at the distant object with both eyes open (Fig. 33.6).
2. Extend your dominant hand and make a circle with your thumb 

and index fi nger that encircles your view of the distant object.
3. Now, close one eye, then open it and close the other eye.

Result
The eye that saw the object encircled with the fi ngers of your 
dominant hand is generally your dominant eye (6). Recognition of 
dominance, if it exists, and development of a compensatory mecha-
nism is the main issue here; in time, apparent palpatory ambidex-
terity may result.

There are more touch (kinesthetic) nerve endings in the pads 
of the fi ngers than elsewhere in the hand. It is generally agreed that 
the thumb and/or the fi rst two fi nger pads, rather than the fi nger-
tips, are the most sensitive part of the hand to train and use for pal-
pation (V. Frymann. Syllabus for workshop on palpation, 1990).

Some physicians fi nd that variations in skin temperature are 
best perceived by the dorsum of the hand, especially the dorsum of 
the middle phalanges of fi ngers two, three, and four; others use the 
palmar surface. Try both and see which is more effective for you. 
The coordinated use of the palms and the fi ngers around an object 
is best suited for obtaining a stereognostic sense of contour (4).

Flexibility of the joints of the elbows, wrists, hands, and fi ngers 
is important. Relaxation is also important to eliminate any muscle 
tension that would block perception. Strength of hands and fi ngers 
can be increased by using a fi nger exerciser, squeezing a ball, or 
playing a musical instrument that requires fi ngering. Because the 
hands are so important to a physician, they should be carefully pro-
tected and cared for. They are sensitive diagnostic instruments.

Light touch is thought by many persons experienced in palpa-
tion to be the most useful and easy to use. Very light touch, or light 
touch, consists of laying the hands passively on the skin or moving 
the hands lightly over the skin. Such light touch can be used to 
determine skin temperature, texture, moistness, oiliness, resistance, 
tone, and elasticity. It may be possible to determine skin temperature 

Exercise 2: The Dominant Hand

Purpose
The purpose of this exercise is to determine the dominant hand. It 
is believed that when a person does not consciously think about it, 
he or she will put his or her dominant hand on top when the hands 
are clasped.

Position
This exercise can be done in a standing or sitting position.

Procedure
Without consciously thinking about it, clasp your hand together in 
front of you, with one hand on top of the other.

Results
The hand that is on top will most likely be your dominant hand. It is 
also believed that palpatory results are more consistent if the exam-
iner has the dominant eye over the area that is being palpated.

For example, if one hand is stronger than the other, practice 
in applying equal pressure over equivalent structures can result in 
accurate interpretation of such manual information.

Interpretation of dominant and nondominant proprioceptive 
feedback from each hand is also a response that the individual can 
adjust.

Exercise 3: The Dominant Eye

Purpose
The purpose of this exercise is to determine the dominant eye. 
Some believe that palpation and the interpretation of palpatory 
fi ndings are more accurate if palpation is performed with the domi-
nant eye over the area being palpated.

Position
This exercise can be performed standing or sitting with a distant 
clock or visible object to look at.

Figure 33-5 Demonstration of erythema friction rub.
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Position
The position for this exercise is seated comfortably beside a table 
with your nondominant arm resting on the table.

Procedure

1. Close your eyes and relax. Concentrate your attention through 
the palpating fi ngers of your dominant hand.

2. Lightly palpate the dorsum of the nondominant hand using the 
fi ngers of your dominant hand. Scarcely touching the surface, 
feel the contour of the hand.

3. Test palpation with the dorsal and palmar aspects of the palpat-
ing fi ngers to determine which is most sensitive to temperature.

sensation by passing the hand just above the skin. Firmer pressure 
communicates with the deeper cutaneous layers and fascial sheaths. 
It explores superfi cial muscles to determine their tone and mobility. 
Firm pressure and compression explore deeper muscle, fascia, and 
bony relationships.

Exercise 4: Layer Palpation

Purpose
The goal of this exercise is to palpate your own tissues and con-
centrate and perceive various layers and structures of the body by 
varying the pressure of palpation.

T A B L E  3 3 . 1

Palpatory Signs of Acute or Chronic Somatic Dysfunction

Signs Manifestations

Pain
 Acute Severe, cutting, or sharp
 Chronic Dull, achy with paresthesias.
Skin changes
 Acute Warm, moist, red, inflamed
 Chronic Cool, pale
Vasculature
 Acute Vessel injury with resultant release of endogenous peptides, chemical vasodilation, 

inflammation, and edema
 Chronic Vessels constricted due to increased sympathetic tone
Sympathetic activity
 Acute Systemically increased sympathetic activity, but the local effect of this increased activity 

is overpowered by bradykinins released, so there is local vasodilation due to 
chemical effect

 Chronic Local vasoconstriction due to hypersympathetic tone; systemic tone has returned 
toward normal.

Musculature
 Acute Locally increased muscle tonus, muscle contraction, spasm, ropiness, mediated via 

the muscle spindle. Minimal somatosomatic reflex effects.
 Chronic Decreased muscle tone, flaccid, mushy, limited range of motion likely due to fascial 

contracture. Common somatosomatic reflex effects.
Mobility
 Acute Range of motion is often normal, but the quality is sluggish.
 Chronic Range of motion is diminished, but quality of remaining motion is normal.
Soft tissues
 Acute Boggy edema, acute congestion, fluids from vascular leakage, and chemical reactions 

in the tissues.
 Chronic Congestion, doughy, stringy, fibrotic, thickened, exhibits increased resistance to 

penetration, contracted, contractured.
Adnexa
 Acute Moist skin, no trophic changes
 Chronic Scaly, dry skin, pimples, folliculitis altered pigmentation (trophic changes).
Visceral
 Acute Minimal somatovisceral reflex effects.
 Chronic Common somatovisceral reflex effects (5).

Paresthesias—crawling, tingling, itching, burning, or gnawing sensations (10).
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 9. Increase the contact between your palpating fi ngers and the 
skin of your hand so that you create a shearing stress in the 
subcutaneous tissues. Shearing in this context refers to move-
ment of tissues between layers. Note that with this palpation 
one can shear only so far before the palpating fi ngers slide on 
the skin. Shear across the hand in various directions describ-
ing what you feel. Does the skin move equally and easily in all 
directions?

10. Palpate the extensor tendon of the ring fi nger. Place two fi n-
gers along the length of the tendon; fl ex the ring fi nger, and 
palpate the sense of the linear movement along the tendon.

11. Palpate the tendon of the biceps at the elbow. How does it 
feel? It should be ropelike, smooth, and fi rm.

12. Place the thumb and index fi nger of the palpating hand on 
either side of the mid-phalangeal articulation of a fi nger on 
the opposite hand. Note the quality and range of various ele-
ments during fl exion and extension. Now lighten your touch 
while performing the same movements. Notice how little con-
tact is needed to distinguish fl exion and extension.

13. Place your palpating fi ngers on the anterior surface of the prox-
imal third of your other forearm. Using slightly more pressure 
than that used for skin, palpate the muscles used to fl ex the 
fi ngers. Now maintain palpatory contact during fl exion of the 
middle fi nger. Describe the feel of these fl exor muscles and 
fascia during the maneuver.

When you are examining a patient, tell the patient in general terms 
about the procedure as it goes along. This is especially important 
if signifi cant tenderness might be elicited during deep palpation. 
Take the necessary time, moving gently and deliberately. Initially it 
is common to apply too much pressure in an attempt to feel the tis-
sue. Avoid poking, prodding, tickling, or stirring the tissue. These 
actions can cause refl ex irritation (4).

Louisa Burns, a noted early osteopathic researcher, made the fol-
lowing suggestions to those beginning to develop palpatory skills:

■ Palpate the objects with the lightest possible touch, scarcely 
touching the surface.

■ Be aware of surface elevations and temperature differences.
■ Using slightly more contact, palpate the surface.
■ Try to ascertain the qualities or characteristics of the substance 

of the object.
■ Describe perceptions as accurately as possible.

Exercise 5: Palpate Your Partner’s Forearm

Purpose
The goal of this exercise is to determine the characteristics of 
different structures in the forearm of another person.

Position
You are seated comfortably, facing your partner, who is seated, 
facing you from across a narrow table.

Procedure

1. Grasp your partner’s left forearm with your nondominant 
hand.

2. Lightly place the palm and fi ngers of your dominant hand over 
the dorsal forearm of your partner, just distal to the elbow. 
Close your eyes, relax, and concentrate your attention through 
the palmar surface of your fi ngers.

3. Without moving your hand, think skin. Try to perceive and 
describe skin temperature, texture, thickness, and moisture.

4. Using very light touch, palpate and describe skin texture, 
moisture, and thickness.

5. Gently pinch the skin on the back of the hand. Elevate it and 
release it. How long did it take for the skin to resume its normal 
confi guration?

6. Evaluate skin drag on both the palm and dorsum of the hand. 
Skin drag is the estimation of the amount of resistance expe-
rienced when the pads of the fi ngers are lightly applied and 
moved (dragged) over the skin surface. On which aspect of 
the hand do the palpating fi ngers move most easily? Why? 
Describe any increase in skin drag that is due to excessive 
dryness, slight perspiration, or edema. Describe any decrease 
in drag resulting from excessive perspiration, oiliness, or 
atrophy.

7. Locate the veins and note their size and texture. Make a fi st 
several times to engorge the veins and then describe the differ-
ences observed.

8. Locate the radial artery and describe the differences between it 
and a vein.

A

B

C
Figure 33-6 Right eye dominance. A. Both eyes open. B. Right 
eye closed; left eye open. C. Left eye closed; right eye open. (Modi-
fi ed from WA Kuchera, with permission.)
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 4. Next, compare the dorsal and palmar aspects of the forearm, 
and describe the differences. Which aspect is smoother? 
Thicker? Warmer? Drier?

 5. Now, with a slightly fi rmer touch, concentrate on the second 
layer, the subcutaneous fascia. Gently move the skin of the 
forearm longitudinally and horizontally. How thick is it? How 
loose? Many of the tissue texture changes associated with 
somatic dysfunction are within this layer.

 6. Gently and slowly increase the depth of touch until you feel 
the deep fascial layer that forms a sheath around the underly-
ing structures. Think deep fascia. Is it smooth? Continuous? 
Firm?

 7. While palpating the deep fascial layer; slowly move the hand 
horizontally across the forearm to identify areas of thickening 
that form fascial compartments between bundles of muscles. 
Identifying enveloping layers of deep fascia is often helpful in 
separating one muscle from another; use it to work with even 
deeper structures.

 8. Palpating through the deep fascia, concentrate on the under-
lying muscle. Is it soft and compliant? How is its elasticity? 
Pay attention to individual muscle fi bers and the directions in 
which they run.

 9. Have your partner slowly open and close his or her hand as you 
note the quality and range of movement created by the con-
tracting and relaxing muscle. Describe the difference. Palpate 
the forearm muscles as the hand is clenched. This sensation 
simulates the feel of the most common tissue texture abnor-
mality (TTA) at the level of muscle or in areas of somatic dys-
function.

10. Still palpating at the level of muscle, move your hand slowly 
down your partner’s forearm until you feel the musculotendi-
nous junction, an area or region where the muscle is vulnerable 
to injury.

11. Move past the musculotendinous junction toward the wrist. 
Note the transition from muscle to musculotendinous junc-
tion to the smooth, round, fi rm feel of tendons.

12. Follow the tendons distally until you feel a structure that binds 
them at the wrist. This is the transverse carpal ligament (fl exor 
retinaculum) and palmar carpal ligament (a thickening of the 
deeper anterolateral fascia). Note fi ber direction, thickness, 
and fi rmness. How does it feel in comparison with the tendon? 
Compare the palpatory sensation over this area with that over 
tendons that are more superfi cially located.

13. Now place your index fi nger over the proximal radiohumeral 
joint at the dimple of the elbow. Place your thumb opposite 
your index fi nger, on the ventral side over the lateral side of 
the humeroulnar attachments. You should now be palpating 
the head of the radius. Describe the characteristics. Compare 
the feel of this living bone with a plastic model or with your 
memory of bone from a cadaver.

14. Move your thumb and index fi nger proximally until you locate 
the joint space. Your fi nger and thumb fall into it. You should 
not be able to feel the joint capsule. The joint capsule is not 
palpable because palpable joint capsules signal pathologic 
changes.

Palpatory skill involves more than a mechanism for fi nely tuned 
sensory perception. A more signifi cant component is to be able 
to focus on the mass of information being perceived, paying close 
attention to those qualities associated with TTA, and bypassing 
many of the other palpatory clues not relevant at the time. These 
skills might be enhanced by trying to palpate a hair through several 
pages of a telephone directory.

Exercise 6: Palpatory Sensitivity

Purpose
The goal of this exercise is to determine and improve your sensory 
awareness.

Position
For this exercise, sit comfortably in front of a table with a phone 
book and objects of various thicknesses, including a human hair.

Procedure

1. Starting with the thickest object, place them, one at a time, 
under a page in the phone book and see if you can palpate their 
edges and dimensions.

2. Then add pages and palpate until you can no longer determine 
the objects’ dimensions. How many pages were between your 
fi ngers and each object before you could no longer palpate it? 
Can you palpate the human hair through a single page from the 
phone book?

Palpatory sensitivity involves a process of developing mental fi l-
ters. Consider an analogy in music, where the orchestra conductor 
focuses on the violins. The conductor is aware of the entire orches-
tra playing, but is diverting attention to a specifi c portion of sound 
that he or she perceives. The brain cannot process everything at 
once. By concentrating only on the portion you want, it becomes 
easy and fast to detect areas of signifi cant TTA. In a comparison of 
student musculoskeletal examinations with experienced examiners, 
Kappler et al. (5) observed that the experienced examiners recorded 
fewer fi ndings than student examiners, but the experienced exam-
iner’s fi ndings were more signifi cant. This shows that experienced 
physicians apply a fi ltering process to their palpatory data, rejecting 
insignifi cant fi ndings without being consciously aware that they are 
doing this. The student is overwhelmed with the mass of palpatory 
data and has not yet developed this fi ltering process to reduce the 
data to a manageable component.

MOTION PERCEPTION

If any motion is present, describe the sensations transmitted 
through the fi ngers. Also, estimate the weight of objects, the 
amount of pressure needed to move them, and the resistance or 
force exerted against your pressure.

Perception of motion is an essential component of palpation. 
A major difference in palpation of living tissue is this sensed 
motion. Motion of the body is described as passive, active, and 
inherent (6).

Passive motion is brought about by the physician; it is move-
ment done to the subject. Active motion is performed by the sub-
ject; it is deliberate, conscious muscular activity. Inherent motion 
is activity unconsciously generated within the body ( J. Goodridge. 
Michigan State University College of Osteopathic Medicine. Bio-
mechanics syllabus, 1986), such as respiratory motion or peristalsis. 
Inherent motion is postulated to occur in any of several ways:

■ Biochemically, at the cellular or subcellular level
■ As part of multiple electrical patterns
■ As a combination of a number of circulatory and electrical pat-

terns
■ As some periodic pattern not yet understood

Experts agree that individuals can perceive tissue movement as 
minute as 1 mm (6). With practice and patience, inherent motion 
may be palpated.

Chila_Chap33.indd   407Chila_Chap33.indd   407 8/6/2010   12:58:42 PM8/6/2010   12:58:42 PM



408 III • APPROACH TO THE SOMATIC COMPONENT

By varying the palpation pressure, successive layers of tissue can 
be palpated. In palpating superfi cial tissue, use the lightest effective 
touch. To palpate successively deeper layers, apply only as much 
additional pressure as necessary. As a general rule, this means pal-
pating to the depth of the tissue or structure to be examined, that 
is, down to but not through the structure being examined. The use 
of various depths of touch differs from physician to physician, usu-
ally depending on the model of diagnosis and treatment chosen.

Exercise 7: Palpating Spinal Motion and 
Paravertebral Tissues

Purpose
The goals of this exercise are to learn how to palpate living tissue in 
the classroom situation with an instructor available to demonstrate 
and interpret as needed and to be able to palpate the thoracic and 
lumbar spinal areas, testing for and fi nding any regions with rela-
tive resistance of the vertebrae and their spinous processes when 
passive fl exion is introduced.

Position
Your partner sits on the table and you stand behind your partner.

Procedure

1. Using your fi nger pads, place the fi rst three fi ngers of your dom-
inant hand between the spinous processes of T1 and T2, T2 
and T3, and T3 and T4. Remember to use the pads of your fi n-
gers. Place your other hand on the top of your partner’s head.

2. Locate the spinous processes and interspinous ligaments, not-
ing how they feel. Compare differences between the feel of the 
bone and the feel of the ligament.

3. Passively fl ex the head and neck while sensing for increasing 
tension of the interspinous ligaments. Note: One spinous pro-
cess may move more easily than another (Fig. 33.7).

4. Using the fi ngers of both hands, palpate for temperature dif-
ferences along the paravertebral thoracic and lumbar spine. Use 
either the palmar or dorsal surface of your fi ngers, depending on 
which you fi nd to be more sensitive.

5. Using both hands simultaneously, stroke the back from C7 to 
L5. Which areas are warmer? Try to fi nd a segment within the 
thoracic area that is either warmer or cooler than another seg-
ment. Compare left with right sides, and superior with inferior. 

Stroking of this type is useful in identifying changes in contour, as 
well as identifying areas of edema and increased tissue tension.

6. Palpate for moisture differences, noting stickiness, dryness, 
wetness, waxiness, and slipperiness.

7. Proceeding from T2 to L5, lightly compress the paravertebral 
soft tissues. Then use deeper pressure, but less pressure than 
that required to palpate bone. You may notice that in some 
areas, tissues compress more easily; while in others, there is 
more resistance. Signifi cant resistance indicates an area of TTA 
(1), which bears further investigation.

8. Lightly palpate the skin and subcutaneous tissue over the resis-
tant site. This helps you identify the outer limits of tissue tex-
ture involved.

Developing Advanced Skills in Palpation of 
Tissue Texture Abnormality

Advanced palpatory skills require practice and experience. We try 
to defi ne or describe what the tissues feel like. The important fac-
tor is an imprint in the brain of the sensation that is perceived. 
Attempting to translate this sensation into words is inadequate. It 
must be perceived. Comparing an area of tissue texture abnormally 
with an adjacent area without this tissue texture is essential. Expe-
riences that involve COMPARISON are far more valuable than 
experiences palpating an abstract area.

Think of evaluating hot or cold water. If a hand is in warm 
water (e.g., 90°F) and this hand is used to evaluate a test beaker of 
water at 70°F, this beaker will seem cold. Now the hand is placed 
in water at 50°F, and then evaluate the temperature of 70°F water. 
The water in the test beaker will seem warm. Perceiving difference 
between water temperature or difference between tissue texture is 
best achieved by comparing one against the other.

A skilled osteopathic physician has developed a store of informa-
tion in the brain about what tissues feel like, and especially the tissue 
texture change of somatic dysfunction. When the skilled examiner 
palpates an area, he or she can compare the current palpatory sensa-
tion with the store of information in the brain. This is a different 
type of comparison. To the novice, it appears to be evaluating the 
abstract but it is really a matter of comparing what is perceived with 
the palpation with prior experiences stored in the brain.

Once the osteopathic has developed this advanced skill in 
palpating, the skill is never lost. The author has experienced older 
osteopathic physicians who were almost frail, yet when they laid 
their hands on a patient, they immediately detected areas of tissue 
texture change.

The author’s theory about this type of learning is that this is 
cerebellar learning. Cerebral learning is subject to the curve of for-
getting. Cerebellar learning is never forgotten.

SUMMARY

Position your dominant eye over the structure being palpated. 
Place thumbs or fi nger pads over the area to be palpated. To ensure 
greater accuracy, mentally transfer your thoughts to the interface 
of your hand with the patient’s body. Realize that resiliency or 
resistance to motion can be sensed in the initial movement during 
motion testing. You can miss these subtle fi ndings and get hung up 
on gross motion restrictions, for example, how far a vertebral joint 
or tissue moves rather than the quality of the movement. Avoid the 
following common errors in palpation:

■ Lack of concentration
■ Too much pressure
■ Excessive movement

Figure 33-7 Palpating upper thoracic fl exion-extension.
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These palpatory skills provide a method of obtaining practical 
experience in developing the art of palpation. There are many 
other exercises. Initially, palpation is practiced on a partner in the 
skills laboratory. During clinical clerkships, one gains additional 
experience by examining attending physicians’ patients. Ultimately, 
palpatory experience is gained from palpatory examination of the 
physician’s own patients. The physician continues to learn and 
never stops gaining experience. The preceding section shows how 
to get started in the process of obtaining palpatory data from the 
patient.

Remember that development of a high level of palpatory skill 
is an ongoing process, requiring patience and practice. “Osteopathy 
cannot be imparted by books. Neither can it be taught to a person 
intelligently who does not fully understand anatomy” A T Still (7).
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Screening Osteopathic Structural 
Examination
WALTER C. EHRENFEUCHTER

INTRODUCTION

The screening examination is designed to determine rapidly where 
in the body the most signifi cant somatic dysfunctions reside. It is 
designed simultaneously to fi nd larger orthopedic structural abnor-
malities that may be responsible for generating these dysfunctions.

The nature of the screening examination is that it is sensitive 
to the discovery of the presence of dysfunction, but not specifi c 
as to the spinal segments or structures involved, or for the tissues 
responsible for creating and maintaining the dysfunction.

The screen consists of two portions, a static postural examina-
tion and a dynamic part, which includes regional range-of-motion 
testing and observation of gait (1).

Static Postural Examination

Observation
The patient should be undressed enough to be able to accurately 
observe the overall confi guration of the body without it being 
obscured by clothing. This also allows you to observe the patient 
for evidence of other serious diseases. One common fi nding is the 
presence of pigmented nevi with the possibility of malignant mela-
noma. The reality is that people do not get to see their backs. Skin 
tumors can grow quite large here prior to discovery. Patients sustain 
burns from heating pads, develop erythema ab igne from chronic 
heating pad use and develop discoloration of the skin, abrasions, 
and even ulceration in skin overlying points of chronic pressure.

Body Symmetry
Assessment of body symmetry constitutes the fi rst portion of the 
overall structural examination. Some minor asymmetry is present 
in virtually all human beings. The goal of the examination is to 
determine what abnormal asymmetries are present in a given indi-
vidual. Figure 34.1 shows examination for symmetry of posterior 
landmarks of the body. The posterior landmarks commonly used 
in the screening structural examination are in bold type in the fol-
lowing discussion.

Ankles and Feet

Arches—Observe the height of the arches on each foot. Most 
important is the fact that they are symmetric, not whether 
they are both fl at or not.

Achilles Tendons—Observe the medial and lateral surfaces 
of the tendon. The curve of the tendon should be sym-
metric. Flattening of the normal curve on the medial side 
of the Achilles tendon indicates the likely presence of a 

34
K E Y  C O N C E P T S

■ Screening osteopathic structural examination involves a comprehensive assessment of motion characteristics, 
static, and dynamic.

■ The ability to accurately locate anatomical landmarks is mandatory in preparation for initiating motion challenge.
■ The proper interpretation of response to motion challenge is referred to the patient’s mid-gravity line.

valgus hindfoot deformity. The valgus hindfoot accompa-
nies longitudinal arch collapse in the foot. Again, asymme-
try becomes the most signifi cant fi nding.

Signifi cance—Unilateral arch collapse with valgus hindfoot 
can occur to assist the body in compensating for an ana-
tomically long leg on the ipsilateral side, and dysfunctions 
of the pelvis that create a functionally long leg on the ipsi-
lateral side (anterior rotation of the innominate, inferior 
innominate shear, etc.)

Legs
Observe the size and symmetry of the gastrocsoleus muscles. If 
asymmetric try to determine if one is enlarged, or if one is smaller. 
A large calf can be due to deep venous insuffi ciency in the ipsilat-
eral leg, a small calf may indicate muscle atrophy due to chronic 
entrapment of the S1 or S2 nerve roots, or even the sciatic nerve 
itself.

Knees
Observe the popliteal creases. If unlevel in the presence of nor-
mal ankles and feet, they indicate the presence of a short tibia and 
fi bula on the ipsilateral side.

Observe the shape of the popliteal fossa. If fl attened or exhibit-
ing a genu recurvatum, it indicates hyperextension of the knee and 
the presence of laxity of the posterior cruciate ligament. Again, if 
unilateral, it may represent a compensatory change for an anatomic 
or a functional long leg on the ipsilateral side.

Observe any medial or lateral deviation of the leg at the knee 
(genu valgus (knock kneed) or genu varus (bow legged). Typically, 
these are congenital or developmental deformities, although they 
can occur with advanced unilateral compartment arthritis of the 
knee. The presence of a unilateral varus or valgus deformity may 
shorten the ipsilateral leg and affect the rest of the body above. 
If bilateral, asymmetry may indicate a worsening of the condition 
again as a result of an anatomic or functional long leg.

Thigh
Observe the posterior thigh muscle mass. If enlarged, it may be 
due to venous insuffi ciency or thrombosis, or there is also the pos-
sibility of an underlying tumor. This author has personally had a 
patient present with low back pain and asymptomatic enlargement 
of one thigh. Further examination, imaging, and ultimately surgery 
resulted in the removal of a football-sized liposarcoma from the 
patient’s thigh. Again, decreased size of the muscle mass unilater-
ally may indicate a chronic entrapment of the L5, S1, or S2 nerve 
roots, or the sciatic nerve’s tibial division.
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posterior superior iliac spines (PSIS) can be caused by an anatomic 
or functional leg-length inequality, a short hemipelvis, and by 
innominate somatic dysfunction. Low PSIS results from pos-
teriorly rotated innominate, or inferior innominate shear. High 
PSIS can result from anteriorly rotated innominate, or superior 
innominate shear. A posterior displacement of the PSIS indicates 
the possible presence of a posteriorly rotated innominate, anterior 
displacement an anteriorly rotated innominate. Posterior rotation 
or superior shear of the innominate is a common compensatory 
mechanism for an anatomic long leg.

Thoracic and Lumbar Spine

The spinous processes should all be in a vertical straight line. Large 
side-to-side deviations indicate the presence of a scoliosis. If there 
is leg-length inequality present, observe the scoliosis for its “fi t” 
with the unlevel sacral base. This is done to determine whether the 
scoliosis is due to the leg-length inequality, or the patient has two 
separate conditions (2). Figure 34.2 shows lumbar scoliosis due to a 
2-inch sacral base unleveling from an anatomic short left leg.

Mild scoliosis may be produced by segmental or group somatic 
dysfunction. The direction of the curve gives a general indication 

Gluteal Region
The gluteal folds should be symmetric; again, asymmetry may 
indicate a leg-length inequality. The greater trochanters should 
be palpated and assessed for levelness, again as a check for leg-
length inequality. The gluteal muscle mass should be assessed for 
asymmetry. Enlargement may indicate the presence of a buttock 
tumor (lipoma is the most common), whereas atrophy may indi-
cate chronic entrapment of the S1 nerve root or entrapment of the 
superior and inferior gluteal nerves in the greater sciatic foramen 
due to hypertrophy of the piriformis muscle.

Iliac Crests
The iliac crests should be assessed for symmetric height over their 
lateral aspect. Asymmetry could indicate the presence of an anatomic 
or functional leg-length inequality. If the legs have been symmetric all 
the way up to the gluteal folds and greater trochanters, asymmetry of 
the iliac crest height can indicate the presence of a short hemipelvis.

POSTERIOR SUPERIOR ILIAC SPINES

Again, the assessment is for symmetric localization relative to 
vertical displacement and anterior-posterior displacement. A low 

On examination note:
•     Midgravitational line
•     Achilles tendon: straight, curved?
•     Position of feet
•     Relation of spine to midline (curves, etc.)
•     Prominence of sacrospinalis muscle mass
•     Symmetry of calves
•     Symmetry of thighs (including any folds)
•     Symmetry of buttocks
•     Lateral body lines
•     Levelness of greater trochanters
•     Prominence of posterior superior iliac spines
•     Levelness of posterior superior iliac spines
•     Levelness of iliac crests (supine, prone, sitting,
      standing)
•     Fullness over iliac crests
•     Prominence of scapula
•     Position of scapula and its parts
•     Levelness and relation of fingertips to body
•     Arms (relations)
•     Levelness of shoulder
•     Neck-shoulder angles
•     Level earlobes
•     Level of mastoid processes
•     Position of body relative to a straight vertical line
      through the midspinal line
•     Posterior cervical muscle mass (more prominent,
      equal, etc.)
•     Head position: lateral inclination

Figure 34-1 Examination for symmetry of posterior landmarks of the body. (From Nicholas & Nicholas. Atlas of 
Osteopathic Technique. Philadelphia, PA: Lippincott Williams & Wilkins; Figure 2.8.)
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skin lesion has a strong correlation with presence of an underlying 
congenital bony abnormality including many forms of occult spinal 
dysraphism.

Paravertebral Muscle Mass

Observe for symmetry. Prominence of the paravertebral muscle 
mass can indicate the presence of vertebral rotation to the ipsilat-
eral side. It may also represent hypertrophy or hypertonicity of the 
larger muscle mass. Uncommonly, it can be the result of a tumor or 
an abscess in the musculature.

Lateral Body Line

The lateral body line is the silhouette of the contour of the sides 
of the trunk below the rib cage. These become especially useful in 
obese patients where the condition of the lumbar vertebrae and 
the paravertebral muscles is harder to assess. For example, fl atten-
ing of the left lateral body line and exaggeration of the curvature 
of the right lateral body line suggest the presence of a scoliosis in 
the lumbar region convex to the left. In the severely obese, the left 
lateral body line in this case could exhibit two skin folds, and the 
right lateral body line three skin folds, indicating the presence of 
the same sidebending curve.

SCAPULAR LANDMARKS

The position of the scapulas is under numerous muscular and pos-
tural infl uences. The landmarks that are of the greatest importance 
here are the acromion process, the inferior angle, spine of the 
scapula, and the medial scapular border.

A line across the shoulders should be perpendicular to the spi-
nal column, regardless of what the spinal column is doing in the 
upper thoracic region. If the spinal column is vertical, the shoulders 
should be symmetrically horizontal. If a scoliosis has the spinal 
column sidebent right in this region, the right scapular landmarks 
will be lower than the left.

The medial border of the scapula should roughly parallel 
the spine, regardless of the position of the spine at this site. For-
ward carriage of one shoulder will result in the medial scapular 
border being farther from the spinous processes than its normal 
mate. Normally, the medial scapular border is approximately 2 to 3 
inches. Rotation of the scapula due to shoulder muscle imbalances 
will result in a loss of the parallel relationship between the spine 
and the medial border of the scapula.

If the spine is vertically straight, and the scapulas are unlevel, 
it indicates a problem with the shoulder girdle. Typically, the spine 
of the scapula is even with the spinous process of T3, whereas the 
inferior angle of the scapula is even with the spinous process of 
T7 (transverse processes of T8). If one scapula is higher than this 
in position, scapula alta, it implies the presence of hypertonic or 
contractured musculature involving the shoulder elevators (upper 
trapezius, the rhomboids, and levator scapulae). If suffi ciently high 
and present from birth, it represents a congenital Sprengel defor-
mity. On the other hand, a scapula positioned lower than normal, 
scapula infra, can represent weakness of the shoulder elevators vs. 
hypertonicity of the shoulder depressors (latissimus dorsi, lower 
trapezius, lower serratus anterior).

Arm Position and Length

Viewing the position of the arms in relation to the trunk can give 
you further insight into dysfunctions of the shoulder girdle mus-
culature by revealing rotations of the entire extremity. The distance 

of the sidebending component of the segmental dysfunctions. If 
the curve is due to a single segmental dysfunction, the dysfunc-
tion may be located at the bottom of the curve, the top of the 
curve, or right in the middle. If there is a group of dysfunctional 
segments, they are likely all sidebending and rotating in opposite 
directions.

The presence of a thoracic scoliosis can indicate a primary tho-
racic curvature, a secondary thoracic curvature compensating for 
a primary lumbar curve, or a secondary thoracic curvature com-
pensating for an unleveling of the cranial base. The unlevel cra-
nial base may be due to cervical spine abnormalities (e.g., Klippel 
Feil Syndrome), a head tilt due to asymmetric cervical muscle tone 
(Torticollis), or even somatic dysfunction of the cranial base.

Excessive prominence of a spinous process may indicate the 
presence of an angulate Kyphosis, which can be due to a congenital 
anomaly of the vertebral body, or possibly compression fracture.

Exaggeration of the kyphotic thoracic curve can occur due to 
fl exed segmental dysfunctions, fl attening of the kyphotic curve 
from extended segmental dysfunction. Exaggeration of the tho-
racic Kyphosis can occur in some conditions of the spine such as 
Scheuermann disease or diffuse idiopathic skeletal hyperostosis 
(DISH). DISH occurs more frequently in patients with type II 
diabetes mellitus.

Exaggeration of the lumbar lordotic curve can be due to an 
extended segmental dysfunction or a fl exed or anteriorly rotated 
sacrum. Flattening of the lumbar lordotic curve can be due to a 
fl exed segmental dysfunction or an extended or posteriorly rotated 
sacrum. It can also be fl attened by muscle spasm or the presence of 
ankylosing spondylitis.

Observe the lumbosacral junction for the presence of skin 
anomalies including a hairy patch, pigmented nevus, port-wine 
stain, pilonidal sinus, pilonidal cyst, or lipoma. The presence of a 

Figure 34-2 Lumbar Scoliosis due to 2-in sacral base unleveling 
from an anatomic short left leg. (Original photograph: Walter C. 
Ehrenfeuchter, D.O., F.A.A.O., with permission.)
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Feet

Apparent in-toeing (pigeon toed) and out-toeing (duck footed) 
positions of the feet can be due to local foot deformities like meta-
tarsus adductus, lower leg abnormalities like tibial torsion, of femo-
ral abnormalities such as anteversion or retroversion of the femoral 
neck. They may also represent the position of the entire lower 
extremity under the infl uence of a shortened piriformis muscle 
(out-toeing) or iliopsoas muscle (in-toeing).

Knees

Observe again for varus, valgus, and recurvatum or fl exion con-
tracture deformities of the knees. Observe the tibial tuberosities 
for prominence as this may represent a case of Osgood-Schlatter 
disease.

Observe the height of the patellas relative to the tibial tuber-
osities. Search for the presence of patella alta (high-riding patella) 
or patella baja (low-riding patella).

Thighs

Observe the symmetry of the thigh muscle mass. Atrophy of the 
these muscles can occur as a result of long-standing knee disorders 
such as osteoarthritis, or from entrapment of the femoral nerve or 
L2, L3, or L4 nerve roots.

Pelvis

Observe the position of the anterior superior iliac spines (ASIS) 
and pubic bones. They are supposed to reside in the same anterior 
coronal plane. If not, it tells you there is either an anterior or a 
posterior pelvic tilt that can cause changes in the lumbar lordotic 
curve (anterior tilt—increased lordosis; posterior tilt—fl attening of 
lordosis). Likewise, changes in the lumbar curve can force changes 
in the tilt of the pelvis. Pelvic tilt is also under the infl uence of the 
hip girdle musculature. Anterior tilt may be caused by hypertonic 
or contractured iliopsoas muscles, posterior tilt by hypertonic or 
contractured hamstrings.

Pelvic rotation about a vertical axis is also readily viewed from 
the anterior aspect, with shifting of the ASIS anteriorly or posteri-
orly in response to positioning of the entire pelvis.

Observe the pelvis for evidence of pelvic side shift. This can 
again be compensation for a leg-length discrepancy, or it can be 
due to a leg-length discrepancy depending on the individual. Side 
shift will increase the prominence of the greater trochanter on the 
side to which the pelvis has shifted and will increase the tension in 
the iliotibial band.

The symmetry of the ASIS may also be altered by the presence 
of virtually any of the innominate dysfunctions.

Abdomen

The prominence of the abdomen is often in response to the shape 
of the lumbar lordosis. If the lordosis is fl attened, it will tend to 
fl atten the abdomen. If the lordosis in increased, it will make the 
abdomen more protuberant. This author has seen a case of lordosis 
due to paralytic polio that was so severe that the anterior portion of 
the lumbar spine could be seen pressing against the abdominal wall 
and the vertebrae and anterior discs readily palpable just beneath.

Protuberance of the lower abdomen is common in the presence 
of an increased Kyphosis or from fl attening of the diaphragm due 
to respiratory conditions such as emphysema or asthma.

of the arms from the torso also informs you as to the possibility 
of scoliosis decompensation or pelvic side shift. The length of the 
arms from acromion to fi ngertip should be observed. Just as you 
can have a patient with a short leg, you can also have a patient with 
a short arm. This becomes signifi cant for work and sport activities 
involving the upper extremities.

Slope of the Shoulder

Observe the slope of the shoulder where it meets the neck. These 
two surfaces should be symmetric. They should meet the verti-
cal muscle mass of the cervical spine in the mid-cervical region. 
Asymmetry must be interpreted in light of all the preceding data 
regarding scapular position. If a fold of skin attaches to the neck 
higher than the mid-cervical region, this constitutes a web neck, or 
pterygium colli. It may even attach as high as the mastoid process. 
This is associated with congenital disorders such as Klippel-Feil 
syndrome or Turner syndrome.

Cervical Spine

The cervical spinous processes should be vertically oriented. Slight 
deviations from this are the norm, since the mid-cervical spinous 
processes are bifi d and it is not unusual for one fi d to be longer than 
the other, giving one the impression that a cervical vertebra is out 
of line with the rest of the neck. This is a normal fi nding.

The paravertebral muscle masses should be symmetric. Promi-
nence of a muscle mass unilaterally may indicate the presence of 
unilateral facet dislocation with overriding, enlarged facet joints 
due to arthritic changes, local muscle hypertonicity, or a hematoma 
within the musculature.

Head

The head should sit level on top of the cervical spine. A tilt of 
the head atop the neck indicates the presence of either asymmetric 
suboccipital muscle tone or the presence of hypertonicity or spasm 
of one of the larger muscles that attach to the cranium (torticollis). 
It can also represent the sidebending component of an occipitoat-
lantal somatic dysfunction. In rare cases, it represents head posi-
tioning to reduce the impact of some forms of diplopia.

The mastoid processes should be level and the inion posi-
tioned in the midline. Asymmetry of the mastoid processes in the 
presence of a head positioned symmetrically atop the neck should 
lead you to think of the possibility of cranial somatic dysfunction 
with involvement of the temporal bones. Likewise, the position 
of the pinnae of the ears should be observed. Asymmetry again 
suggests the presence of cranial somatic dysfunction involving the 
temporal bones.

Patient Seated

The same landmarks of the torso, shoulders, neck, and head are 
again examined with the patient in the seated position (Fig. 34.3). 
Any changes in pattern from what was previously observed indicate 
a strong infl uence from problems in the lower extremity from the 
hip joints and hip girdle musculature (including the psoas muscles) 
down to the feet. These problems would need to be identifi ed and 
addressed before any clear conclusions can be made regarding the 
presence of somatic dysfunction from the pelvis on up.

Some structural and postural abnormalities of the body are 
more obvious when viewed from the anterior perspective.
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414 III • APPROACH TO THE SOMATIC COMPONENT

sternum should prompt an examination for occult congenital heart 
defects. While not a 100% correlation, heart defects are more com-
mon in patients with sternal abnormalities than in the general 
population.

Observe the prominence or lack thereof of the two halves of 
the rib cage. An anterior prominence of the rib cage on one side 
of the spine is frequently due to the rotational component of sco-
liosis. It is the analogue of the rib hump on the posterior side of 
the body.

Observe the costal cartilages for any deformity or swelling. 
Congenital abnormalities in the structure of the lower 4 or 5 costal 
cartilages are quite common. The normal rib cage is shaped some-
thing like an apple. A common abnormality is the presence of an 
outfl aring of the lower rib cage. The resultant lateral sulci formed 
are called Harrison Grooves. These are most often familial, but 
can come about from any condition (such as very young pregnancy, 
large Wilms tumors) that bows out the growing costal cartilages. 
After skeletal maturity, the position of the cartilages is relatively 
fi xed.

A visible or palpable ridge at one or more costochondral joints 
can indicate the presence of a “separated rib.” When deformity is 
present at the time of injury, the articulation will often heal with 

If the spinal curves are normal and no respiratory condition 
exists, the protuberant abdomen provides evidence of visceroptosis 
and the patient should be evaluated for the same.

Normally, there is about three or four fi nger-breadths of space 
between the top of the iliac crest and the lower costal margin. This 
can be decreased by the presence of scoliosis. In severe or decom-
pensated scoliosis, one side of the costal cage can literally be sitting 
on top of the iliac crest. At times, this can shift far enough laterally 
to put pressure on the liver or the upper left abdominal viscera. 
Elevation of liver or pancreatic enzymes can be the result.

Rib Cage

The prominence of the xiphoid process should be noted. It is not 
uncommon for the xiphoid to become more prominent as one ages. 
Then. due to clothing pressure or sleeping prone, it becomes tender 
to touch and the patient presents with “midepigastric pain” with 
the resultant unnecessary work-up. Palpation of the xiphoid will 
reproduce the patient’s pain and render a diagnosis of xiphalgia.

Observe the patient for any deformities of the sternum. The 
pectus excavatum (funnel breast) is the most common (Fig. 34.4), 
pectus carinatum (pigeon breast) less so. Any deformity of the 

On examination note:
•     Midgravitational line
•     Lateral body line
•     Position of feet

      °     Pronation

      °     Supination

      °     Levelness of tibial tuberosities
•     Levelness of patellae
•     Anterior superior iliac spines

      °     Level?

      °     Anteroposterior: rotational prominence
•     Prominence of hips
•     Iliac crests, levelness
•     Fullness over iliac crest
•     Relation of forearms to iliac crests

      °     One longer

      °     Anteroposterior relation

      °     Nearness to body
•     Prominence of costal arches
•     Thoracic symmetry or asymmetry
•     Prominence of sternal angle
•     Position of shoulders

      °     Level or unlevel

      °     Anteroposterior relations
•     Prominence of sternal end of clavicle
•     Prominence of sternocleidomastoid muscles
•     Direction of symphysis menti
•     Symmetry of face (any scoliosis capitis)
•     Nasal deviation
•     Angles of mouth
•     Level of eyes
•     Level of supraciliary arches (eyebrows)
•     Head position relative to shoulders and body

Figure 34-3 Examination for 
symmetry of anterior landmarks of 
the body. (From Nicholas & Nich-
olas. Atlas of Osteopathic Tech-
nique. Philadelphia, PA: Lippincott 
Williams & Wilkins; Figure 2.7.)
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Observe the position of the symphysis menti relative to the 
midline of the body and to the midline of the face. Observe the 
jaw for symmetry relative to the rest of the head. Lateral devia-
tion of the jaw can signify a shortened portion of the mandible, 
with resultant dental abnormalities and the potential for temporo-
mandibular dysfunction syndrome and pain. Asymmetry of the 
jaw can also be generated by somatic dysfunction of the temporal 
bones.

Observe the face for symmetry. Facial asymmetry can occur due 
to congenital malformation of the skull, as a result of birth trauma 
to the sphenobasilar synchondrosis, or acquired sphenobasilar 
somatic dysfunction as a result of head trauma or dental work. It 
can also occur as a result of facial bone somatic dysfunction as a 
result of trauma to the face. Facial asymmetry is often most evident 
in the shape of the orbits or entire face. Often, a visual determina-
tion of the cranial dysfunctions present can be made before palpat-
ing the motion of the head.

Figure 34.6 is a lateral view of normal posture with midgravi-
tational line.

Knees

This may be the easiest way to observe genu recurvatum or fl exion 
contracture of the knee. Again, symmetry may be more important 
than the mere presence of one deformity or the other.

Thighs

The lateral thigh surface should be smooth. If a deep groove is 
present running from the greater trochanter of the femur to 
the knee, it suggests shortening and contracture of the iliotibial 
band.

Pelvis

Anterior or posterior pelvic tilt is readily seen from the lateral 
aspect.

Lumbar Lordosis

Observe for a normal lumbar lordotic curve.

a slight anteroposterior deformity. This is not amenable to correc-
tion after this injury has already healed.

Swelling of one or more costal cartilages (typically the second 
or the third) indicates the likelihood of Tietze syndrome, believed 
to be a viral infection of costal cartilage. This must be differentiated 
from the more common costochondritis that does not cause swell-
ing of the cartilage, just tenderness.

Shoulders

Observe and palpate the clavicles for symmetry. Rarely will you 
see cases of congenital absence of the clavicles. A clavicle can be 
misshapen due to congenital anomaly, fracture during birth, or 
subsequent fracture at a later date. The length of the clavicle from 
sternum to acromion in part determines the position of the entire 
shoulder. The clavicle is the upper extremity’s only bony connec-
tion to the axial skeleton. A shortened clavicle often causes anterior 
shoulder carriage, pulling the scapula farther away from the spinal 
column than its mate on the uninjured side. Figure 34.5 shows a 
deformed clavicle due to old fracture with malunion.

Cervical Region

Observe the patient for prominence of the sternocleidomastoid 
muscles and scalene muscles. Hypertonicity, contracture, and 
hematoma will shorten all of these commonly injured muscles. 
This will in turn alter neck and head carriage in response.

Head

Observe the carriage of the head atop the neck. Some dysfunctions 
in this region will be more obvious from an anterior view than the 
posterior.

Figure 34-4 Pectus excavatum. (Original photograph Walter C. 
Ehrenfeuchter, D.O., F.A.A.O., with permission.)

Figure 34-5 Deformed clavicle due to old fracture with malunion. 
(Original photograph Walter C. Ehrenfeuchter, D.O., F.A.A.O., with 
permission.)
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Posterior Mid-Gravity Line

The posterior mid-gravity line (see Fig. 34.1) begins at a mid heel 
point, passes directly through the gluteal crease; the spinous processes 
of the sacral, lumbar, thoracic and cervical vertebrae; and the inion.

Assessment of body symmetry about this line makes readily appar-
ent any pelvic side shift, any minor scoliotic curves, and head tilt.

If the line is reversed and begun at the inion passing down 
through the spine, other information can be gathered. In the pres-
ence of a scoliosis, no matter how severe, if it is a compensated 
curve, this plumb line will fall through the spinous process of S1. 
If decompensated, the plumb line will fall laterally to one side or 
the other.

If the body as a whole has compensated for a decompensated 
or traumatic spinal curve, even when the plumb line does not fall 
mid-sacrum, it may still fall normally at the mid heel point.

If the body is unable to compensate for any deformity above 
the feet, the plumb line will fall off of the mid heel point to one 
side or the other.

Posturing, which relieves or minimizes pain in any part of the 
body, can also shift this plumb line off of the mid heel point.

Anterior Mid-Gravity Line

The anterior mid-gravity line (see Fig. 34.3) again originates at the 
mid heel point, passes upward through the pubic symphysis, the 

Thoracic Kyphosis

Observe for a normal thoracic kyphotic curve.

Cervical Lordosis

Observe for a normal cervical lordotic curve.

Shoulders

Anterior shoulder carriage is readily apparent from the lateral view 
as is posterior carriage or a military-type posture. Anterior shoul-
der carriage with the scapula shifting superiorly and laterally will 
cause the acromion process to impinge upon the supraspinatus ten-
don. This can result in subacromial bursitis, rotator cuff tendonitis, 
frozen shoulder (fi brous adhesive capsulitis), and partial or total 
rupture of the supraspinatus portion of the rotator cuff.

Head Carriage

Note the position of the head relative to the rest of the trunk.

MID-GRAVITY LINES

Components of the posterior mid-gravity, anterior mid-gravity, 
and lateral mid-gravity lines are shown in Table 34.1.

On examination note:
•     Lateral midgravitational line
      a     External auditory canal
      b     Lateral head of the humerus
      c     Third lumbar vertebra
      d     Anterior third of the sacrum
      e     Greater trochanter of the femur
      f      Lateral condyle of the knee
      g     Lateral malleolus
•     Anterior and posterior body line
•     Feet: degree of arching or flatness
•     Knees: degree of flexion or extension
•     Spinal curves: increase, decreased, or normal

      °     Cervical lordosis: posterior concavity

      °     Thoracic kyphosis: posterior convexity

      °     Lumbar lordosis: posterior concavity

      °     Sacrum, lumbosacral angle
•     Arms: position relative to body
•     Abdomen: prominence or flatness
•     Sternal angle
•     Thorax: prominence or flatness
•     Head: relation to shoulder and body

a

b

c

d

e

f

g

Figure 34-6 Lateral view of normal posture with 
midgravitational line. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadephia, PA: 
Lippincott Williams & Wilkins; Figure 2.9.)
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An increased lumbar lordosis will carry the points on L3 and 
the sacral promontory forward, but leave all other points on the 
line. This is often due to a bilaterally fl exed sacrum or other ante-
rior going sacral dysfunctions, or an extended dysfunction of the 
one or more of the lower lumbar vertebrae. It can also be due to 
weak lower abdominal musculature.

The “sway back” posture places the malleolar point on the mid-
gravity line, but the only other point typically on the line is the 
greater tuberosity of the humerus. All other points fall anterior to 
the line. This posture commonly results from pregnancy. After the 
birth of the child, the body maintains this posture as it has learned 
this to be the normal. Abdominal strengthening exercises, osteo-
pathic manipulative treatment, and postural re-education can all be 
used to correct this postural deformity.

Increased thoracic kyphosis tends to shift all points below the 
shoulder posterior to the weight bearing line except the malleolar 
reference point. Often, the head is carried anterior to the line for 
balance.

To a lesser degree, this is the same posture assumed by students 
while studying in a seated position. For every inch that the external 
auditory meatus is shifted anterior to the ideal mid-gravity line, 
an additional ten pounds of load is placed on the posterior cer-
vical musculature. The solution is to relearn to sit upright. This 
can be assisted by raising the materials being read and propping 
them on something akin to a music stand. There are commercial 
devices that will do this. Artists and draftsmen have long used tilt 
top tables that take the strain off the neck and shoulders and allow 
the person to sit upright. So, put those heavy text books to good 
use and make them into a support for the notes you are studying 
from.

Some authorities prefer to reference the lateral mid-gravity line 
to the external auditory meatus, rather than the lateral malleolus. 
This changes the relative position of the landmarks for all the con-
ditions listed above; it does not change the diagnoses (3–5).

REGIONAL RANGE-OF-MOTION TESTING

Regional range-of-motion testing is the last part of the screen-
ing structural examination. There are three things of note when 
performing these tests. First, any region with diminished range of 
motion is abnormal. Second, any region with increased range of 
motion is abnormal and may be compensating for an adjacent area 
that is hypomobile. Third, for the paired motions of sidebending 
and rotation, any left-to-right asymmetry is abnormal, even if the 
overall range of motion is normal.

The following screening range-of-motion exam will not pick 
every possible somatic dysfunction, but most will be discovered 
through it. In addition to measuring the ranges of motion, when 
possible, regional motion will be examined both actively and pas-
sively. The loss of active range of motion has many causes; the loss 
of the additional passive range of motion is most commonly associ-
ated with somatic dysfunction. The quality of that motion will also 
be assessed, as will any associated special tests.

Screening Ranges of Motion

Cervical Region
The normal range of motion for fl exion is 45 to 90 degrees, and for 
extension is 45 to 90 degrees. The procedure for screening range of 
motion in the cervical region is:

1. The physician palpates between the spinous processes of C7 
and T1 (Fig. 34.7).

umbilicus, xiphoid process, midsternum, episternal notch, symphysis 
menti, and glabella.

Again, some truncal asymmetries and deformities are most vis-
ible from an anterior perspective, especially those involving the rib 
cage, jaw, and face.

A plumb line hung from the glabella can be used in much the 
same way that a plumb line from the inion is used.

Lateral Mid-Gravity Line

The normal lateral mid-gravity line (see Fig. 34.6) passes just ante-
rior to the lateral malleolus, just posterior to the patella, through 
the greater trochanter of the femur, the sacral promontory, the 
midbody of L3, the greater tuberosity of the humerus, the odontoid 
process of C2, and the external auditory meatus.

Most of the anteroposterior deformities that can occur will 
cause pain in one part of the body or another and become a patho-
logic state in their own right.

An extreme abnormality of this weight bearing line is the situ-
ation where only the lateral malleolus is on the line. The rest of the 
points are anterior to this plane. Patients appear to be on the verge 
of falling forward and are in fact contracting every posterior truncal 
muscle they have to fi ght this gravitational tendency. Often, such 
patients have had their sense of normal posture disrupted by some 
trauma and have come to accept this distorted posture as correct. 
In addition to manipulative treatment, this type of patient will fre-
quently require postural reeducation.

If the lateral malleolus is on the line as is the greater trochanter, 
but the knee is not, it demonstrates the presence of knee fl exion 
contracture or genu recurvatum.

T A B L E  3 4 . 1

Mid-Gravity Lines and Their Components

Mid-Gravity Line Components

Posterior • mid heel point
• gluteal crease
•  spinous processes of the sacral, 

lumbar, thoracic, and cervical 
vertebrae

• inion
Anterior • mid heel point

• pubic symphysis
• umbilicus
• xiphoid process
• midsternum
• episternal notch
• symphysis menti
• glabella

Lateral • lateral malleolus
• patella
• greater trochanter of the femur
• sacral promontory
• midbody of L3
•  greater tuberosity of the 

humerus
• odontoid process of C2
• external auditory meatus
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418 III • APPROACH TO THE SOMATIC COMPONENT

3. At the end of active right sidebending, the physician passively 
sidebends the patient’s neck to the right while palpating for 
motion at C7/T1 (Fig. 34.15).

4. The patient is instructed to return his or her head to the neutral 
position (Fig. 34.16).

5. The patient is instructed to actively sidebend the head to the 
left as far as it will go without pain (Fig. 34.17).

6. At the end of the range of motion, the physician passively moves 
the patient’s head into further left sidebending while palpating 
for motion at C7/T1 (Fig. 34.18).

The normal range for rotation in the cervical region is 70 to 
90 degrees. The procedure for screening is:

1. The physician palpates over the Intertransverse space between 
C7 and T1 (Fig. 34.19).

2. The patient is instructed to actively turn his or her head to 
the right as far as it will go without pain. Normal range is 70 to 
90 degrees (Fig. 34.20).

3. At the end of active right rotation, the physician passively 
turns the head farther while palpating for motion at C7/T1 
(Fig. 34.21).

2. Instruct the patient to bend the head forward as far as he or 
she can go without pain. Normal range of motion is 45 to 
90 degrees (Fig. 34.8).

3. After the patient has reached full active fl exion, passively carry 
the head farther forward until motion is palpated at C7/T1 
(Fig. 34.9).

4. Instruct the patient to return to the neutral position (Fig. 
34.10).

5. Instruct the patient to bend the head backward as far as he or 
she can go without pain (Fig. 34.11).

6. Once the end of the active range of motion has been reached, 
the physician passively carries the head into further extension 
until motion is again palpated. (Fig. 34.12).

For sidebending, the normal range of motion is 30 to 45 degrees. 
The procedure for screening sidebending in the cervical region is:

1. The physician palpates over the Intertransverse spaces bilater-
ally between C7 and T1 (Fig. 34.13).

2. The patient is instructed to actively sidebend the head to 
the right to the pain-free limit of motion. Normal is 30 to 
45 degrees (Fig. 34.14).

Figure 34-7 The physician palpates between the spinous pro-
cesses of C7 and T1. (From Nicholas & Nicholas. Atlas of Osteo-
pathic Technique. Philadelphia, PA: Lippincott Williams & Wilkins; 
Figure 3.1.)

Figure 34-8 Instruct the patient to bend the head forward as far 
as he or she can go without pain. (From Nicholas & Nicholas. Atlas 
of Osteopathic Technique. Philadelphia, PA: Lippincott Williams & 
Wilkins; Figure 3.4.)

Figure 34-9 Passive forward bending. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.9.)

Figure 34-10 Neutral position. From Nicholas & Nicholas. Atlas 
of Osteopathic Technique. Philadephia, PA: Lippincott Williams & 
Wilkins; Figure 3.3.)
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Figure 34-11 Active extension (backward bending). (From Nicholas 
& Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: Lip-
pincott Williams & Wilkins; Figure 3.5.)

Figure 34-12 Passive extension (backward bending). (From Nicholas 
& Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: Lip-
pincott Williams & Wilkins; Figure 3.10.)

Figure 34-13 The physician palpates over the Intertransverse 
spaces bilaterally between C7 and T1. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.11.)

Figure 34-14 Active sidebending—right. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.12.)

Figure 34-15 Passive sidebending—right. (From Nicholas & Nich-
olas. Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott 
Williams & Wilkins; Figure 3.14.)

Figure 34-16 Neutral position. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.16.)
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420 III • APPROACH TO THE SOMATIC COMPONENT

4. The patient is instructed to return his or her head to the neutral 
position (Fig. 34.22).

5. The patient is instructed to actively turn the head to the left as 
far as it will go without pain (Fig. 34.23).

6. At the end of active left rotation, the physician passively turns 
the head farther to the left while palpating for motion at C7/T1 
(Fig. 34.24).

A loss of approximately 50% of rotation in the cervical spine can 
have several types of dysfunction associated with it. First, since 
approximately 50% of cervical rotation occurs at C1 on C2, it 
could indicate a dysfunction at this level. It could also indicate the 
presence of hypertonicity of spasm of a long restrictor muscle such 
as levator scapulae or sternocleidomastoid. Lastly, it could indi-
cate a group dysfunction of everything from C2 to C7. Less severe 
motion losses are typically due to one or more segmental dysfunc-
tions from C2 to C7.

Thoracic Region
The procedure for screening sidebending T1 to T4 is:

1. The patient is seated on the side of the treatment table. The 
physician stands behind and at the side of the patient on the 
side to be tested. The physician palpates of the transverse 
processes of T4 (Fig. 34.25).

Figure 34-18 Passive sidebending—left. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.15.)

Figure 34-19 The physician palpates over the Intertransverse 
space between C7 and T1. (From Nicholas & Nicholas. Atlas of 
Osteopathic Technique. Philadelphia, PA: Lippincott Williams & 
Wilkins; Figure 3.11.)

Figure 34-20 Active rotation—right. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.17.)

Figure 34-21 Passive rotation—right. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.19.)

Figure 34-17 Active sidebending—left. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.13.)
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2. The physician places his fi rst metacarpal-phalangeal joint over 
the fi rst rib at the base of the neck. The physician’s elbow is held 
high above the shoulder to deliver a springing force toward the 
spinous process of T4 (Fig. 34.26).

3. This produces passive sidebending of T1 to T4. Normal range 
of motion is 5 to 25 degrees. There is no active motion test for 
this range.

4. Steps 1 to 3 are repeated on the opposite side of the body.

The procedure for screening sidebending T5 to T8 is:

1. The patient is seated on the side of the treatment table. The 
physician stands behind and to the side of the patient on the 
side to be tested.

2. The physician palpates over the transverse processes of T8 
(Fig. 34.27).

3. The physician places his fi rst metacarpal-phalangeal joint over 
the midpoint of the shoulder. The physician’s elbow is held 
high above the shoulder to deliver a springing force toward the 
spinous process of T8 (Fig. 34.28).

4. This produces passive sidebending of the thoracic spine from 
T5 to T8. Normal range of motion is 10 to 30 degrees. There is 
no active motion test for this range.

5. Steps one through four are repeated for the opposite side.

Figure 34-22 Neutral. (From Nicholas & Nicholas. Atlas of Osteo-
pathic Technique. Philadelphia, PA: Lippincott Williams & Wilkins; 
Figure 3.16.)

Figure 34-23 Active rotation—left. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.18.)

Figure 34-24 Passive rotation—left. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.20.)

Figure 34-25 The physician palpates over the transverse pro-
cesses of T4. (From Nicholas & Nicholas. Atlas of Osteopathic Tech-
nique. Philadelphia, PA: Lippincott Williams & Wilkins; Figure 3.21.)

Figure 34-26 Palpating fi rst rib—springing force. (From Nicholas 
& Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: Lip-
pincott Williams & Wilkins; Figure 3.22.)
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2. The physician places his fi rst metacarpal-phalangeal joint over 
the acromioclavicular joint. The physician’s elbow is held high 
above the shoulder to deliver a force toward the spinous process 
of T12 (Fig. 34.30).

3. This produces passive sidebending from T9 to T12. The nor-
mal range of motion is 20 to 40 degrees. There is no active 
motion test for this region.

4. Steps 1 through 3 are repeated for the opposite side of the 
body.

The procedure for screening rotation T9-12 is:

1. The patient is seated on the side of the treatment table with the 
arms crossed, holding on to his or her own shoulders.

2. The physician stands behind and to the side of the patient on 
the side to be tested and palpates over the transverse processes 
of T12 (Fig. 34.31).

3. The patient is instructed to turn his or her body as far as pos-
sible to the ipsilateral side. This is the active range of motion. 
Normal is 70 to 90 degrees (Fig. 34.32).

4. Once this has been accomplished, the physician grasps the 
patient’s contralateral arm and attempts to rotate them far-
ther in the same direction. This is the passive range of motion 
(Fig. 34.33).

5. Steps 1 to 4 are repeated for the opposite side of the body.

Rib Motion
Screening for rib motion involves palpating for pump handle 
motion (Fig. 34.34) in the upper ribs and for bucket handle motion 
(Fig. 34.35) in the lower ribs.
The procedure for screening ribs 1 and 2 is:

1. The patient is supine on the treatment table. The physician is 
positioned at the head of the table and palpates over ribs 1 and 2. 
The thumbs are placed on the angles of rib 1. The index fi ngers 
are placed posterior to the clavicle over the anterior aspect of rib 1. 
The middle or ring fi ngers are placed over the anterior aspect of 
rib 2 (Fig. 34.36).

2. The patient is instructed to inhale and exhale deeply. The 
physician palpates the range and quality of motion of the fi rst 
two ribs noting any asymmetry that may exist. The principal 
motion in this location is designated as pump handle. There is 
no passive motion test for this range (Fig. 34.37).

Figure 34-28 Springing over midpoint of shoulder. (From Nicholas 
& Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: Lip-
pincott Williams & Wilkins; Figure 3.26.)

Figure 34-29 The physician palpates over the transverse processes 
of T12. (From Nicholas & Nicholas. Atlas of Osteopathic Technique. 
Philadelphia, PA: Lippincott Williams & Wilkins; Figure 3.29.)

Figure 34-30 Springing over the acromioclavicular joint. (From 
Nicholas & Nicholas. Atlas of Osteopathic Technique. Philadelphia, 
PA: Lippincott Williams & Wilkins; Figure 3.30.)

Figure 34-27 The physician palpates over the transverse pro-
cesses of T8. (From Nicholas & Nicholas. Atlas of Osteopathic Tech-
nique. Philadelphia, PA: Lippincott Williams & Wilkins; Figure 3.25.)

The procedure for screening sidebending T9-12 is:

1. The patient is seated on the side of the table. The physician 
stands behind and to the side of the patient on the side to be 
tested. The physician palpates over the transverse processes of 
T12 (Fig. 34.29).

Chila_Chap34.indd   422Chila_Chap34.indd   422 8/6/2010   10:46:12 AM8/6/2010   10:46:12 AM



 34 • SCREENING OSTEOPATHIC STRUCTURAL EXAMINATION 423

Figure 34-31 The physician palpates over the transverse processes 
of T12. (From Nicholas & Nicholas. Atlas of Osteopathic Technique. 
Philadelphia, PA: Lippincott Williams & Wilkins; Figure 3.33.)

Figure 34-32 Active range of motion. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.34.)

Figure 34-33 Passive range of motion. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.36.)

Rib

Sternum

1st rib

Vertebrae

Inspiration

Figure 34-34 Pump handle motion. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 5.60.)

Figure 34-35 Bucket handle motion. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 5.61.)

Figure 34-36 Palpating over anterior ribs 1 and 2. (From Nicholas 
& Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: Lip-
pincott Williams & Wilkins; Figure 5.62.)
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424 III • APPROACH TO THE SOMATIC COMPONENT

The procedure for screening ribs 3 through 5 is:

1. The patient is supine on the treatment table. The physician 
palpates over the anterolateral aspect of ribs 3 to 5. This is done 
with the physician standing at about the level of the patient’s 
waist (Fig. 34.38).

2. The patient is instructed to inhale and exhale deeply. The phy-
sician palpates the range and quality of motion of ribs 3 through 
5 noting any asymmetry that exists. The principal motion in 
this location is described as combined pump handle and 
bucket handle. There is no passive motion test for this range 
(Fig. 34.39).

The procedure for screening ribs 6 to 10 is:

1. The patient lies supine. The physician stands at the side of the 
patient at the level of the patient’s pelvis. The physician pal-
pates the lateral aspects of ribs 6 to 10 (Fig. 34.40).

2. The patient is instructed to inhale and exhale deeply. The phy-
sician palpates the range and quality of motion of ribs 6 through 
10 noting any asymmetry that exists. The principal motion at 
this location is described as bucket handle. There is no passive 
motion test for this range (Fig. 34.41).

The procedure for screening ribs 11 and 12 is:

1. The patient is prone. The physician stands at the side of 
the table and palpates ribs 11 and 12. The thumbs go on the 

Figure 34-37 Palpating over anterior ribs 1 and 2—on skin. (From 
Nicholas & Nicholas. Atlas of Osteopathic Technique. Philadelphia, 
PA: Lippincott Williams & Wilkins; Figure 5.63.)

Figure 34-38 The physician palpates over the anterolateral aspect 
of ribs 3 to 5. (From Nicholas & Nicholas. Atlas of Osteopathic Tech-
nique. Philadelphia, PA: Lippincott Williams & Wilkins; Figure 5.70.)

Figure 34-39 The physician palpates over the anterolateral aspect 
of ribs 3 to 5—on skin. (From Nicholas & Nicholas. Atlas of Osteo-
pathic Technique. Philadelphia, PA: Lippincott Williams & Wilkins; 
Figure 5.71.)

Figure 34-40 The physician palpates the lateral aspects of ribs 6 
to 10. (From Nicholas & Nicholas. Atlas of Osteopathic Technique. 
Philadelphia, PA: Lippincott Williams & Wilkins; Figure 5.74.)

Figure 34-41 The physician palpates the lateral aspects of ribs 6 to 
10—on skin. (From Nicholas & Nicholas. Atlas of Osteopathic Tech-
nique. Philadelphia, PA: Lippincott Williams & Wilkins; Figure 5.75.)
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inferior aspect of rib 12 with fi ngers over the tips of rib 11 
(Fig. 34.42).

2. The patient is instructed to inhale and exhale deeply. The phy-
sician palpates the range and quality of motion of ribs 11 and 12 
noting any asymmetry that exists. The typical motion for these 
ribs is described as caliper motion. There is no passive motion 
test for this range (Fig. 34.43).

Restriction of motion and motion direction of these lower ribs is 
under the strong infl uence of the quadratus lumborum muscle. Any 
restriction must be interpreted in light of this infl uence.

Lumbar Region
The procedure for screening fl exion in the lumbar region is:

1. The angle created by lumbar fl exion is formed using lines join-
ing the lateral malleolus to the greater trochanter and the greater 
trochanter to the acromion process (Fig. 34.44).

2. The patient is instructed to slowly bend forward as if he or she 
is going to touch the toes. They should bend forward as far 
as possible. The normal range of active motion here is 70 to 
90 degrees (Fig. 34.45).

3. Note to see that there is a normal reversal of the lumbar lor-
dosis. Persistence of the lordosis indicates immobility of the 

Figure 34-42 The physician palpates ribs 11 and 12. (From Nicho-
las & Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: 
Lippincott Williams & Wilkins; Figure 5.78.)

Figure 34-43 The physician palpates ribs 11 and 12—on skin. (From 
Nicholas & Nicholas. Atlas of Osteopathic Technique. Philadelphia, 
PA: Lippincott Williams & Wilkins; Figure 5.79.)

Figure 34-44 Patient in sagittal plane. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.34.)

Figure 34-45 Active forward bending. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.39.)

spine despite hypermobile hip joints and a normal range of 
motion.

4. If it is uncertain whether normal lumbar motion is occurring or 
not, the modifi ed Shober test is used.

In this test, a mark is made on the skin midway between the PSIS. 
Measure down 5 cm and make another mark. Measure up 10 cm 
from the initial point and make another mark. The total distance 
in the erect position should measure 15 cm. With the trunk fl exed, 
this distance should stretch to 20 cm. Less than this indicates a 
signifi cant restriction of lumbar motion (Fig. 34.46).

Note: When Shober fi rst described this test, he made only 
two marks, one midway between the PSIS and another 10 cm 
above. Early efforts to confi rm the validity of this test with x-rays 
discovered that a signifi cant number of times, the fi rst mark was 
above the L5/S1 motion segment, so it was modifi ed to include 
the downward measurement of 5 cm. Radiographic validation of 
the test came in the 1960s using metallic skin markers and lumbar 
x-rays (6–8).

Chila_Chap34.indd   425Chila_Chap34.indd   425 8/6/2010   10:46:16 AM8/6/2010   10:46:16 AM



426 III • APPROACH TO THE SOMATIC COMPONENT

3. Note where the sidebending occurs. Is the arc of motion smooth 
or does the back “hinge” at a certain level?

4. Repeat the same motion to the opposite side.
5. Note any asymmetry in both the quantity and the quality 

of motion. Normal range of motion for this range is 25 to 
30 degrees (9–11).

The Hip Drop Test
The hip drop test is performed to screen for sidebending/passive 
range of motion in the lumbar region. This test is interpreted as 
passive motion as the lumbar spine spontaneously responds to an 
artifi cially produced sacral base declination:

1. The patient is instructed to fl ex one knee, allowing the pelvis to 
drop on that side of the body. (Fig. 34.50).

2. Observe for symmetry of range and quality of motion. Many 
lower extremity conditions can interfere with this test: bad knees, 
tight iliotibial band, inability to dorsifl ex the ankle, etc. (12).

The procedure for screening extension in the lumbar region is:

1. The angle created by lumbar fl exion is formed using lines join-
ing the lateral malleolus to the greater trochanter and the greater 
trochanter to the acromion process (see Fig. 34.44).

2. The patient is instructed to place the arms out in front for bal-
ance and then bend backward as far as possible while keeping 
the knees straight.

The normal range for lumbar extension is 30 to 45 degrees 
(Fig. 34.47).

To screen sidebending/active range of motion in the lumbar 
region:

1. The posterior landmarks used for this measurement are a line 
from the mid heel point to the spinous process of S-1, and from 
S-1 to the spinous process of T1 (Fig. 34.48).

2. The patient is instructed to slide her hand down the lateral thigh 
toward the knee reaching as far as she can go (Fig. 34.49).

10cm

5cm
20cm

L5

L3

A B C
Figure 34-46 Modifi ed shober test. 

Figure 34-47 Lumbar extension (backward bending). (Original 
photograph: Walter C. Ehrenfeuchter, D.O., F.A.A.O., with permission.)

Figure 34-48 Posterior landmarks. (From Nicholas & Nicholas. 
Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott Wil-
liams & Wilkins; Figure 3.41.)
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Iliosacral Motion
The screening test for innominate dysfunction is the standing 
fl exion test:

1. The patient stands erect with the feet a shoulder width apart.
2. The physician stands or kneels behind the patient with his eyes 

at the level of the PSIS.
3. The physician’s thumbs are placed on the inferior slope of the 

patient’s PSISs. The physician maintains a fi rm pressure on the 
PSISs to ride with the bony landmarks, not shift due to skin or 
fascial drag (Fig. 34.51).

4. The patient is instructed to actively bend forward and try to 
touch her toes (Fig. 34.52).

5. The test is positive when asymmetry of the thumbs occurs. The 
side of a positive test is the one where the thumb on the PSIS 
moves at least one thumb breadth more cephalad at the end 
range of motion. (Fig. 34.53).

6. A positive standing fl exion test indicates the side of likely ili-
osacral dysfunction. A false-positive test can be created by a 
leg-length discrepancy >½ in, contralateral tight hamstring, 

Figure 34-49 Active lumbar sidebending right. (From Nicholas & 
Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: Lippin-
cott Williams & Wilkins; Figure 3.42.)

A B

Figure 34-50 Hip drop test. (From Nicholas & Nicholas. Atlas of 
Osteopathic Technique. Philadelphia, PA: Lippincott Williams & 
Wilkins; Figures 3.45 and 3.46.)

Figure 34-51 Standing fl exion test––step 3. (From Nicholas & 
Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: Lippin-
cott Williams & Wilkins; Figure 5.106.)

Figure 34-52 Negative standing fl exion test. (From Nicholas & 
Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: Lippin-
cott Williams & Wilkins; Figure 5.107.).

Figure 34-53 Positive standing fl exion test—right. (From Nicholas 
& Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: Lip-
pincott Williams & Wilkins; Figure 5.108.)
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428 III • APPROACH TO THE SOMATIC COMPONENT

contralateral tight iliopsoas muscle, or the presence of a unilateral 
sacral dysfunction. If this test is negative, the presence of an 
iliosacral dysfunction is highly unlikely (13).

Sacroiliac Motion
The screening test for unilateral sacral dysfunction is the seated 
fl exion test:

1. The patient is seated on a low stool or side of a treatment table 
with the feet touching the fl oor.

2. The physician stands or kneels behind the patient with his eyes 
at the level of the patient’s PSISs.

3. The physician’s thumbs are positioned on the inferior slopes of 
the PSISs (Fig. 34.54).

4. The patient is instructed to bend forward as far as possible 
(Fig. 34.55).

5. A positive test is one where the PSIS moves more cephalad by 
at least one thumb breadth at the end of the range of motion 
(Fig. 34.56).

6. Potential dysfunctions here include anterior and posterior 
torsions, and unilateral fl exed and extended sacra (14).

An additional test for sacroiliac motion is the pelvic side shift test:

1. The patient stands erect with the feet shoulder width apart.
2. The physician stands behind the patient with one of the physi-

cian’s hands contacting the patient’s iliac crest and the other on 
the opposite deltoid/shoulder area.

3. The physician gently pushes the iliac crest/pelvis laterally 
(translates) to the opposite side utilizing the hand on the del-
toid/shoulder to stabilize the thoracic spinal segments. The ease 
and amount of motion is noted.

4. The physician next switches hand positions and introduces 
motion to the opposite direction. Motion in each direction is 
now compared.

5. A positive pelvic side shift reveals freer translation to the side 
of the side shift and named for that direction. A positive pelvic 
side shift means that the sacrum (base of support) is positioned 
on the side of the freer motion and may indicate a possible long 
leg to the side of and/or a tight psoas muscle to the opposite 
side of the pelvic side shift.

Sacral Motion
The screening test for bilateral sacral dysfunction is the sacral rock 
test:

1. The patient is prone on the treatment table.
2. The physician stands at the side of the treatment table at the 

level of the patient’s pelvis.
3. The physician places his cephalad hand on the sacrum with the 

heel of the hand at the sacral base, fi ngers pointing toward the 
coccyx (Fig. 34.57).

4. The physician’s caudad hand reinforces the cephalad hand with 
the thumb and the index fi nger creating a space for the cephalad 
hand’s wrist (Fig. 34.58).

5. The physician presses straight down into the sacrum so that any 
body movement is imparted to the sacrum.

6. The physician attempts to rock the sacrum through fl exion 
(Fig. 34.59) and extension (Fig. 34.60). Bilateral sacral dysfunc-
tion feels exceptionally rigid—a so-called concrete pelvis (15).

Symptom Exacerbation or Remission
One of the important accompaniments of range-of-motion testing 
is the exacerbation or remission of patient symptoms. Table 34.2 
includes a partial list of structures and conditions that would be 

Figure 34-54 Seated fl exion test—start position. (From Nicholas 
& Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: 
Lippincott Williams & Wilkins; Figure 5.109).

Figure 34-55 Negative seated fl exion test. (From Nicholas 
& Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: 
Lippincott Williams & Wilkins; Figure 5.110.)

Figure 34-56 Positive seated fl exion test—right. (From Nicholas 
& Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: 
Lippincott Williams & Wilkins; Figure 5.111.)
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Figure 34-57 Sacral rock test—step 3. (Original photos: Walter C. Ehrenfeuchter, D.O., F.A.A.O., with permission.)

Figure 34-58 Sacral rock test—step 4. (Original photos: Walter C. Ehrenfeuchter, D.O., F.A.A.O., with permission.)

Figure 34-59 Sacral fl exion. (From Nicholas & Nicholas. Atlas of 
Osteopathic Technique. Philadelphia, PA: Lippincott Williams & 
Wilkins; Figure 15.29).

Figure 34-60 Sacral extension. (From Nicholas & Nicholas. Atlas 
of Osteopathic Technique. Philadelphia, PA: Lippincott Williams & 
Wilkins; Figure 15.28).
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430 III • APPROACH TO THE SOMATIC COMPONENT

exacerbated by spinal range of motion. Listed muscle pains apply 
to both injury and muscle hypertonicity or spasm.
The diagnosis of somatic dysfunction requires at least two of the 
following:

■ Tenderness
■ Asymmetry
■ Range-of-motion changes
■ Tissue texture changes

The screening evaluation will at least provide you with regional data 
as to asymmetry and range-of-motion changes. “We know that if we 
are ever to know the whole, we must fi rst know the parts.” A.T. Still.
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T A B L E  3 4 . 2

Structures and Conditions Exacerbated 
by Spinal Range of Motion

Structure Motion Condition

Cervical 
Spine

Flexion Disc Herniation
Posterior Muscles

Extension Facet Joint Disease
Anterior Muscle

Sidebending Trapezius muscle
Levator Scapulae muscle

Rotation Splenius capitis and 
cervicis muscles
Sternocleidomastoid 
muscle

Thoracic 
Spine

Flexion Paraspinal muscles
Posterior shoulder girdle 
muscles
Disc Herniation

Extension Facet Joint Disease
Sidebending Intercostal muscles

Serratus Anterior muscle
Rotation Abdominal Oblique 

muscles
Lumbar 
Spine

Flexion Disc Herniation
Lumbar Paravertebral 
muscles
Lumbosacral Ligaments

Extension Spondylolisthesis
Facet Syndrome
Spinal Stenosis
Psoas Spasm

Sidebending Lateral Abdominal Wall 
muscles
Iliotibial Band Syndrome

Rotation Abdominal oblique 
muscles
Iliolumbar ligaments
Piriformis Syndrome (16)
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Segmental Motion Testing
WALTER C. EHRENFEUCHTER

INTRODUCTION

The fi nal portion of the osteopathic structural examination is 
segmental defi nition. This is carried out guided by the fi ndings in 
the screening examination and the scanning evaluation (layer-by-
layer palpation). If there are no fi ndings on the scanning exam for a 
given segment, it is unlikely that any signifi cant somatic dysfunction 
exists at that segment and segmental defi nition is unnecessary.

VERTEBRAL UNIT

The vertebral unit is defi ned as two adjacent vertebrae with their 
associated intervertebral disc, arthrodial, ligamentous, muscular, 
vascular, neural, and lymphatic elements (Fig. 35.1).

Conventionally, when referring to motion of a single vertebra, 
we are in fact referring to that segment’s vertebral unit. For exam-
ple, when referring to the motion of L3, we are in reality referring 
to the motion of L3 in reference to L4.

Potential Segmental Motions

Using a Cartesian coordinate system, the position or motion of 
any vertebra can be described in space as a combination of rotation 
about any of the three axes and translation along any of the three 
axes. This system, while useful for biomechanical research pur-
poses, is clinically cumbersome. For simplicity, the movements of 
the individual vertebrae are broken down into three components: 
fl exion or extension, rotation, and sidebending (Table 35.1).

When referencing the position or motion of a vertebra, the 
position of a point on the superior endplate at the anterior most 
part of that endplate is used (Fig. 35.2).

Conventionally, the diagnosis of a segmental dysfunction may 
be described in one of two ways:

1. That vertebra’s position relative to the vertebra below.
2. The directions of motion restriction of that vertebra relative to 

the vertebra below.

For example:

■ Positional diagnosis—L5 fl exed, sidebent right, rotated right
■ Motion restriction diagnosis—L5 restricted in extension, left 

sidebending, and left rotation.

35
K E Y  C O N C E P T S

■ Understanding of the characteristics of vertebral unit position and motion is essential to accurate segmental 
definition.

■ Accurate segmental definition enhances recognition of somatic dysfunctions responsible for symptomatology 
or disordered physiology.

■ Osteopathic manipulative treatment is directed to correction of dysfunctions that maintain symptomatology 
or disordered physiology.

■ The goal of osteopathic diagnosis and treatment is to facilitate change for the better in the patient’s overall 
body physiology.

The two examples describe exactly the same segment, just from 
two different points of view.

In positional language, words end in -ed and -ent, as in fl exed, 
extended, rotated, and sidebent. In motion restriction language, 
words end in -ing and -ion, as in fl exion, extension, rotation, and 
sidebending.

When diagnosing somatic dysfunction, the positional diagno-
sis is determined and named for what the vertebra does most easily. 
In other words, the direction of freest motion, the direction of ease, 
is identifi ed.

Physiologic Laws of Spinal Motion: 
Fryette’s Principles

Fryette’s principles regarding the physiologic laws of spinal motion 
include:

I— In the neutral range, sidebending and rotation are coupled in 
opposite directions

II— In suffi cient fl exion or extension, sidebending and rotation 
are coupled in the same direction (4)

III— Initiating movement of a vertebral segment in any plane of 
motion will modify the movement of that segment in other 
planes of motion.

Figure 35-1 The vertebral unit.
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432 III • APPROACH TO THE SOMATIC COMPONENT

Law III has been interpreted to mean that if motion is 
restricted in any one direction (e.g., rotation), then motion will 
also be restricted in sidebending and fl exion/extension. If motion 
is improved in any one direction (e.g., fl exion/extension), it will be 
found to have improved in rotation and sidebending as well.

Due to the cumbersomeness of the longhand descriptions of 
vertebral position, shorthand abbreviations and notations have 
been developed, as shown in Box 35.1.

Laws I and II apply to thoracic and lumbar motion only. 
Sidebending and rotation are considered coupled motions (i.e., you 
cannot have one without the other). They were described by Harrison 
H. Fryette, D.O., in 1918. All of his observations regarding vertebral 
mechanics were made without benefi t of x-rays; he used palpation 
only. Law III was described by C. R. Nelson, D.O., in 1948.

Neutral is a Range

Neutral in the world of spinal mechanics is not a single point, but 
rather a range in which the weight of the trunk is borne on the ver-
tebral bodies and discs, and the facets are “idling” (3) (Fig. 35.3).

In this range, Law I applies. That is, when one or the other 
is introduced, sidebending and rotation will be coupled in oppo-
site directions; the motion segment will sidebend right and rotate 
left or it can sidebend left and rotate right. This is referred to as 
Type I mechanics (Fig. 35.4). A dysfunctional segment held in this 
position is referred to as a Type I dysfunction.

NonNeutral Mechanics

In the thoracic and lumbar spine when suffi cient fl exion or extension 
beyond the neutral range occurs, sidebending and rotation will be 
coupled to the same side. The segment is fl exed or extended and 
sidebent right, rotated right or sidebent left, rotated left. This is 
referred to as Type II mechanics (Fig. 35.5). A dysfunctional seg-
ment held in this position is referred to as a Type II dysfunction.

Figure 35-2 Point of reference for vertebral motion.

Figure 35-3 Neutral range. (From the Kimberly Manual Outline of 
Osteopathic Manipulative Procedures. Marceline, MO: Walsworth 
Publishing Company, 2000:10.)

T A B L E  3 5 . 1

Vertebral Movements

Movement Definition

Rotation Movement in a transverse plane 
about a vertical axis

Sidebending Movement in a coronal plane about 
an anterior-posterior axis

Flexion Anterior movement in a sagittal plane 
about a transverse axis

Extension Posterior movement in a sagittal 
plane about a transverse axis.
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Classic Spinal Mechanics

Classic Fryette mechanics is exhibited by the typical thoracic and 
lumbar vertebrae. The motion pattern in these regions is deter-
mined by patterns of force generated by the discs, ligaments, and 
musculature. Motion patterns in the cervical spine are largely 
determined by the shape of the facet joints, independent of the 
discs, ligaments, and musculature.

Motion in the cervical region is often described in terms of 
Fryette “Like” mechanics. It is not Fryette mechanics in that it is 
independent of sagittal plane position.

The occiput on C-1 always follows Type I Like mechanics in 
that sidebending and rotation are always coupled to opposite sides, 
whether the occiput is fl exed, extended, or neutral (6).

C1 on C2 is considered to only rotate, even though consider-
able (20 degrees) sagittal plane motion is possible. That is because 
dysfunctions typically are discovered only in the rotational compo-
nent of C-1 motion (6).

C2-6 always follow Type II Like mechanics in that sidebend-
ing and rotation are always coupled to the same side, whether these 
segments are fl exed, extended, or neutral (6).

C7 has inferior facet joints that are more thoracic in confi gura-
tion and thus tends to follow classical Fryette mechanics (2,5).

Exceptions to the Laws of Spinal Mechanics

Single plane dysfunctions are quite possible and involve restric-
tion of motion on both facet joints, for example, T10 fl exed or L5 
extended.

Compressive Dysfunctions are also possible and also involve 
restriction of motion of both facet joints, for example, Occiput 
compressed on C1.

Trauma to the supporting ligaments and/or discs can generate 
segmental instability and any direction of dysfunction is possible. 
These dysfunctions do not occur as a result of exaggerated physi-
ologic motion of the spine, but are caused by external traumatic 
forces.

Advanced degenerative disc disease and degenerative facet 
joint disease lead to segmental instability and, again, any direction 
of dysfunction is possible. This can also lead to neural entrapment 

Characteristics of Type I Dysfunctions

Type I dysfunctions tend to occur in groups (7), for example, T1-7 
NRRSL. This constitutes typical scoliosis mechanics. This does not 
preclude their occurring singly, for example, T5 NRRSL.

Groups of Type I dysfunctions tend to compensate for a single 
Type II dysfunction. When present, the Type II dysfunction is 
typically at the apex of the group dysfunction, or at either end of 
the group.

Characteristics of Type II Dysfunctions

Type II dysfunctions tend to occur singly, although you may have 
two Type II dysfunctions adjacent to each other (7). More than 
that is rare. Extended Type II dysfunctions are frequently the prod-
uct of the segmental muscle contraction that results from a vis-
cerosomatic refl ex and should prompt the search for visceral disease 
and dysfunction.

Figure 35-4 Fryette Type I mechanics. (Courtesy of Adam Ehren-
feuchter, San Francisco, CA.)

Figure 35-5 Fryette Type II mechanics.

Shorthand Abbreviations and Notations for 
Segmental Dysfunctions
Abbreviations

N—Neutral
F—Flexed
E—Extended
L—Left
R—Rotated
R—Right
S—Sidebent

Notations
Type I dysfunction:

L5 Neutral, rotated left, sidebent right
Or L5 NRLSR
Or L5 RLSR

Type II dysfunction:
L5 flexed, rotated right, sidebent right
Or L5 FRRSR
Or L5 FRSR
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due to a phenomenon called dynamic lateral stenosis. Figure 35.6 
shows a detailed view of lumbar vertebral column showing large 
osteophytes.

Congenital anomalies of the vertebrae or facet joints will also 
alter the motion characteristics of those segments. Facet tropism, 
a turning of the facet joints from their usual orientation, can 
dramatically alter the motion characteristics of a segment and may 
present with bony asymmetry and thus congenital asymmetric 
vertebral motion. Figure 35.7 shows a transitional lumbosacral 
segment causing atypical lumbosacral mechanics.

Categorizing Somatic Dysfunction

Somatic Dysfunction can be categorized by the tissue or struc-
ture most responsible for the motion restriction at that segment 
(8). Most dysfunctions are a combination of types, but it is help-
ful for the purpose of technique selection to consider searching 

for the reason for segmental restriction to exist. Types of somatic 
dysfunction include:

■ Arthrodial restriction
■ Muscular restriction
■ Fascial and ligamentous restriction
■ Edema-causing restriction

ARTHRODIAL RESTRICTION

This type of somatic dysfunction is maintained by the facet joint 
structure itself. The articular restriction is often accompanied by a 
refl ex muscle guarding response that will not relax until the articu-
lar “lock” is released. When acquired by acute injury, these dysfunc-
tions can be quite painful. Despite the level of pain and guarding, 
the patients often derive instantaneous relief when these dysfunc-
tions are properly treated.

Articular restrictions may be generated by acute trauma, sustained 
muscle hypertonicity, repetitive motion injuries (microtrauma), 
fascial or ligamentous contracture, or poor posture.

The articular restrictions are maintained by a combination of 
thin layer adherence and muscle guarding response. If the dysfunc-
tion becomes chronic, it will lead to fascial contracture and desic-
cation of the facet joint.

Thin layer adherence is a process where two congruent surfaces 
are “glued” together by a typically lubricating substance when the said 
substance is spread thinly enough. For thin layer adherence to occur, 
one needs to have congruent surfaces and a lubricating substance.

Figure 35-6 Detailed view of lumbar vertebral column showing 
large osteophytes.

Figure 35-7 Transitional Lumbosacral Segment causing atypi-
cal lumbosacral mechanics. (Photograph courtesy of Walter C. 
Ehrenfeuchter, D.O., FAAO.)
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In a congruent joint, all joint surfaces are in complete contact 
with each other in the anatomic position. The spinal facet joints 
are congruent joints.

Synovial fl uid when present in normal amounts is an excep-
tionally effective lubricant. It has been estimated that it makes the 
joint surfaces 10 times slipperier than ice on ice. It is very viscous 
and possesses a high surface tension (a single drop of normal syn-
ovial fl uid can be strung out to a length of several feet without 
breaking).

So if you combine the congruent facet surfaces with the viscous 
synovial fl uid and add a force that compresses the facet surfaces 
together, you get thin layer adherence and an articular dysfunction.

In the acute, traumatically induced articular dysfunction, 
where does the synovial fl uid go? Some is squeezed out of the joint 
space and distends the capsule, one source of the pain. Over time, 
the synovial fl uid is both adsorbed into the surface of the carti-
lage and removed from the capsule and surrounding tissues by the 
lymphatics.

MUSCULAR RESTRICTION

One very common cause of asymmetric and restricted segmental 
motion is the attached musculature. A detailed analysis of the infl uence 
of all the various muscles which attach to axial skeleton is beyond the 
scope of this book; however, some broad generalizations may be made.

Short restrictor muscles are those muscles that only cross one 
vertebral segment or cross one joint in the peripheral skeleton. When 
hypertonic, they will alter the positional and motion characteristics 
of just a single vertebral segment. Long restrictor muscles are those 
muscles that cross more than one vertebral segment on more than 
one joint in the peripheral skeleton. When hypertonic, they will alter 
the positional and motion characteristics of groups of vertebrae.

Deep Segmental Spinal Muscles

These muscles run only a segment or two adjacent to the spinal 
column and rib cage, and include such muscles as Rotatores Brevis, 
Levator Costorum Brevis, Interspinalis, Lateral Intertransverse, 
Rectus Capitis Posterior Minor, and a number of others. These 
muscles are short restrictors. They are also totally involuntary in 
their action. One cannot consciously think, “I want to sidebend 
L4 on L5, let me just contract the Lateral Intertransverse muscle 
at that segment.” Nothing will happen. These muscles serve to 
balance the spinal column in response to larger movements of the 
trunk and long restrictor muscles. More importantly, they respond 
rapidly and in predictable patterns to facilitation of spinal cord seg-
mental infl uences. They are believed to be the muscles that produce 
and maintain the extended Fryette Type II dysfunctions in response 
to viscerosomatic and somatosomatic refl exes. Their actions as a 
group in truncal posturing and locomotion are so complex that very 
little is known about how they function together.

Intermediate Spinal Muscles

These muscles run parallel to the spinal column and cross anywhere 
from two to eight or more segments and include such muscles as 
Multifi dus, Semispinalis, Longissimus, Iliocostalis, Quadratus 
Lumborum, and Psoas Major to name but a few. These muscles 
are long restrictors. They are voluntary, motor muscles that move 
the trunk under the direction of volitional thought. They also func-
tion unconsciously in large truncal movements like those necessary 
to maintain balance and propulsion in the gait cycle. When these 
muscles are hypertonic, they produce sidebending of the spinal 

column and group curves usually composed of vertebrae engaged 
in Fryette Type I mechanics.

Superfi cial Back Muscles

These are muscles that are incidentally involved in spinal motion 
owing to their attachment to the spinal column or ribs. They are 
actually used to brace or move the extremities. These muscles 
include Trapezius, Latissimus Dorsi, Rhomboideus Major and 
Minor, Serratus Anterior, Pectoralis Minor, and more.

When hypertonic, they infl uence both motion of an extrem-
ity, but also spinal motion as well. An example of this would 
be hypertonicity of the Rhomboid Minor m. This would tend 
to draw the scapula medially and superiorly. If the Scapula is 
anchored by its other attached musculature, its attachment to the 
spinous processes of C7 and T1 would tend to rotate these ver-
tebrae away from the side of the hypertonic Rhomboid (remem-
ber the reference point for vertebral rotation is on the front of the 
vertebra).

When these muscles go into a true spasm, they produce signifi -
cant pain and will grossly distort the normal curves of the spine and 
body posturing. Additionally, this produces a host of adaptational 
responses that can be body wide in scope.

FASCIAL AND LIGAMENTOUS RESTRICTION

The ligaments of the spine can shorten due to fi brosis resulting 
from trauma, or due to infl ammatory diseases of the spine. Which 
ligaments shorten or lose elasticity the most will determine which 
directions a vertebral segment can and cannot move.

Likewise, the fascial envelope in which the contractile ele-
ments of the muscles reside can shorten due to a host of causes 
(congenital, developmental, disuse, injury, infl ammatory diseases of 
muscle). Again when shortened, they produce patterns of restric-
tion that are identical to those that would occur if that same muscle 
were hypertonic. However, even with the contractile elements of 
the musculature relaxed, the more static investing fascia of the 
muscle remains shortened.

EDEMA-CAUSING RESTRICTION

The presence of fl uid in the interstices of any region of the body 
will create motion restriction. Part of this is due to the presence of 
pain from fascial stretching and compartmental distention. Part of 
this is due to the actual presence of the fl uid itself, distending fas-
cial compartments, stretching tissues and thus taking some of the 
“slack” out of the fascia or joint capsules themselves. While no set 
pattern of dysfunction has been ascribed to segmental or regional 
edema, its importance has long been acknowledged by the Osteo-
pathic profession.

END FEEL

The concept of end feel is one in which the characteristics of how 
the tissue feels at the end of range of motion testing for large joint 
motions, or for segmental motion testing has signifi cant implica-
tions for the Osteopathic physician. The quality of the end feel is 
used to determine the most likely etiology of the motion restriction 
(articular, muscular, fascial, edema). Once this is determined, it is 
used by the physician to guide in the selection of which Osteo-
pathic manipulative technique would be most useful in addressing 
that particular region or dysfunction.
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Each etiologic agent of somatic dysfunction produces its one 
distinct end feel. Edema tends to produce a mushy or fl uid-fi lled 
sponge kind of end feel. Muscle hypertonicity has a somewhat 
stretchy or rubbery end feel. Articular dysfunctions tend to have 
a more solid end feel with loss of the elasticity usually palpated 
in muscular of edematous restrictions. Ligamentous and fascial 
restrictions often have a very hard, abrupt end feel with near total 
loss of tissue elasticity.

It is not uncommon for a patient to exhibit several types of 
restriction in a single dysfunction, especially when these dysfunc-
tions are chronic in nature. So one could apply a muscle energy 
technique to a segmental dysfunction and, on retesting, discover 
that now that the contractile elements of the muscle have relaxed, 
that the segment now exhibits a more fascial restriction type of 
end feel calling for the application of a direct myofascial release 
technique. Another example would be where edema is pres-
ent, and after applying indirect myofascial release, or lymphatic 
approaches, the end-feel changes to one of articular restriction 
calling for an articulatory or high-velocity, low-amplitude thrust 
technique. Likewise, the failure of a technique to work for a 
given dysfunction may arise from a misinterpretation of the end 
feel by the inexperienced physician, not a poor application of a 
given technique. The technique may be applied perfectly, but if 
applied for the wrong tissue etiology of the restriction, it would be 
unsuccessful.

Primary and Secondary Somatic Dysfunction

A primary dysfunction is one that is caused by a trauma, or repeti-
tive microtrauma. It serves as the initiating event for the generation 
of a variety of symptoms and events such as local pain, somatosen-
sory referred pain, local muscle guarding responses, initiation of 
somatosomatic and somatovisceral refl exes, and creation of second-
ary somatic dysfunctions (10).

Secondary somatic dysfunction can arise secondary to a variety 
of other conditions. The following list of causes is not exhaustive, 
but contains many of the more common causes:

■ Local diseases of the spine such as degenerative disc disease or 
facet joint osteoarthritis

■ Mechanical effects of larger deformities such as Kyphosis or 
scoliosis

■ Compensatory for primary or other secondary somatic 
dysfunctions

 ○ Viscero-somatic refl ex–generated dysfunctions
 ○ Somato-somatic refl ex–generated dysfunctions (11)

The Key Lesion

The key lesion is defi ned as that somatic dysfunction that causes 
and maintains a whole pattern of dysfunction including secondary 
somatic dysfunctions.

The key lesion frequently represents, on a percentage basis, the 
most restricted structure in a patient’s body. A great deal of time 
and effort is often expended searching for the key lesion, as it is this 
dysfunction, that when corrected, will result in the greatest change 
for the better in the patient’s overall body physiology (9).

SUMMARY

So what is it that the overall osteopathic structural exam is searching 
for? It is searching for larger deformities that give rise to secondary 
somatic dysfunctions. It is searching for evidence of musculoskel-
etal diseases that give rise to somatic dysfunction. It is searching 
for somatic dysfunctions that may be responsible for the patient’s 
symptomatology or dysfunctional physiology. It is searching for the 
location of the key lesion. It is searching for the tissue responsible 
for maintaining the key lesion. It is searching for normal tissue 
behaving badly. It is in short the search for a 100% reversible entity. 
It is the search for somatic dysfunction. “When you know the dif-
ference between normal and abnormal you have learned the all 
absorbing fi rst question……you must take your abnormal case to 
the normal, lay it down, and be satisfi ed to leave it” (1).
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Postural Considerations in 
Osteopathic Diagnosis and Treatment
MICHAEL L. KUCHERA

INTRODUCTION

The osteopathic postural-biomechanical model provides one of 
fi ve major approaches to structuring osteopathic manipulative care. 
Viewing clinical fi ndings through the “lens” of this model and 
interpreting those fi ndings with the benefi t of the growing evi-
dence base can provide remarkable insights into multiple systems, 
structures, and functions.

The osteopathic postural assessment evaluates more than upright 
symmetry; it considers the homeostatic capability of integrated 
components of the neuromusculoskeletal system to resist constant 
gravitational stress and to adapt to ever-changing situations. In the 
incorporation of “body unity” principles, the osteopathic postural 
model interprets the physical body as a tensegrity system within 
which even minor changes in one body region may affect signifi -
cant biomechanical, tensile, and ergonomic changes elsewhere. This 
interpretation expands an osteopathic practitioner’s understanding 
of both etiology and treatment intervention. It also accepts that 
postural patterns are capable of providing a cogent glimpse of that 
patient’s unique interrelationship of body, mind, and spirit. Care-
fully exploring the specifi c pattern of the “body unit’s” homeostatic 
response provides clues to both the function and the dysfunction of 
key anatomical, physiological, and psychological structures.

Applying this model, the osteopathic physician seeks to achieve 
each patient’s maximum function and to prepare that patient’s 
neuromusculoskeletal system to respond optimally to postural 
realignment. To achieve this requires accessing and sometimes 
“reeducating” peripheral and central interactions that are biome-
chanically, physiologically, and psychologically linked. Conservative 
modalities available to the osteopathic physician for this purpose 
include osteopathic manipulative treatment (OMT), functional 
orthotics and orthopedic braces, exercise protocols, and patient edu-
cation. These treatment modalities typically precede or accompany 
less conservative options ranging from prolotherapy to surgery.

The discussion in this chapter will make the case for consider-
ing the postural gravitational strain model whenever evaluating the 
health status of a patient. It will further describe how to implement 
the osteopathic postural care model in planning effective treatment 
strategies whenever a postural pattern for group spinal curves or 
recurrent skeletal, arthrodial, or myofascial dysfunction is diagnosed.

Nearly 2,500 years ago, Hippocrates said, “The regimen I adopt 
will be for the benefi t of my patients according to my abilities and judg-
ment.” The guidelines in this chapter lay out principles intended to 
enhance your ability to understand postural mechanisms as dynamic 
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K E Y  C O N C E P T S

■ Alteration of postural alignment and recurrent somatic dysfunction are key manifestations of gravitational strain.
■ Postural compensation is best understood as an integrated homeostatic process.
■ Postural decompensation is associated with various pathophysiological states of gravitational strain.
■ Patient education is a primary source of initiating the means to a successful management plan for issues of 

gravitational strain.
■ The osteopathic medical profession has contributed many strategies to address issues of gravitational strain.

processes affecting interrelated structures throughout the body. With 
understanding and practice, your judgment in prescribing individu-
alized postural treatment regimens will evolve and improve.

History and Unique Postural Contributions by 
the Osteopathic Profession

Neither the clinical observation of postural imbalance nor the use 
of radiographic assessment is unique to the osteopathic profession. 
However, osteopathic physicians integrated the two almost ninety 
years ago to better study structure and function.

In 1895, the discovery of the roentgen ray permitted visualiza-
tion of structures inside the body. By 1898, the American School 
of Osteopathy in Kirksville, Missouri, had acquired the second 
machine west of the Mississippi and was producing the earliest 
roentgenologic studies of circulation (1). Hoskins and Schwab (2) 
introduced the standing postural x-ray series in 1921, opening the 
fi eld for clinical interpretation and integration. Martin Beilke in 
1936 acknowledged the value of the technique by observing, “The 
osteopathic profession can lay claim to these contributions as being 
strictly original and especially applicable to our approach in fi nding 
etiological factors in a given pathological process and in applying 
corrective measures” (3).

For many years, lack of standardization for postural radiographic 
procedures prevented the profession from combining important 
multicenter data needed to develop a common set of guidelines to 
interpret postural studies and formulate care. J. Stedman Denslow 
and his coworkers called for standardization in 1955 (4), although 
even today relatively few academic healthcare institutions outside 
of the osteopathic profession have adopted that recommendation.

Standard protocols provided measurable, accurate, and repro-
ducible data to correlate with the osteopathic palpatory structural 
examinations. Published for decades thereafter in osteopathic lit-
erature, the profession documented the natural history of postural 
changes and also the consistency of radiographic postural fi ndings 
(5,6). A compilation of many of the classic osteopathic articles dis-
cussing diagnosis, clinical impact, and treatment of postural sub-
jects can be found in the 1983 Yearbook of the American Academy 
of Osteopathy, Postural Balance and Imbalance (5). This compilation 
and a 1983 research study published in Spine (7) (itself based upon 
the osteopathic contribution to the importance of postural imbal-
ance) would spark a second renaissance of osteopathic postural 
research that lasted nearly 2 decades.
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consider the compensatory response to gravity that begins as soon 
as an infant attempts to assume an upright position and continues 
throughout life (Fig. 36.1). In order to stand upright with the least 
amount of effort, the infant learns to balance the center of gravity 
by positioning various segments of the spine over the base of sup-
port formed by the region of anatomy immediately underneath. 
The “toddler” learning to walk then exercises postural control to 
adjust for falling forward as the mass of a lower extremity is moved 
forward.

These evolving regional changes typically take place at the 
so-called anatomical transition zones where anatomical “blocks” 
interface with anatomical spinal “rods.” The transitional zones 
include the:

■ Lumbopelvic region where the pelvis joins the lumbar spine
■ Thoracolumbar region (or inferior thoracic outlet) where the lum-

bar spine joins the thoracic cage
■ Cervicothoracic region (or superior thoracic inlet) where the 

thoracic cage joins the cervical spine
■ Craniocervical region where the cervical spine joins the head

In this fashion, two secondary lordotic group curves normally 
develop in the cervical and lumbar regions to counterbalance the 
primary thoracic curve present at birth. These three spinal curves 
together will resist gravity much better than one single sagittal 
plane curve. They allow a person to function in an upright position; 
however, they result in human specifi c problems that affect both 
structure and function. These problems are characterized by coor-
dinated compensation occurring in multiple regions and planes.

Optimal Posture
Postural homeostatic mechanisms automatically integrate a num-
ber of systems whose goal is to provide balance and stability dur-
ing activities of daily living in the most energy-effi cient manner 
possible. The musculoskeletal system contributes innately to pos-
tural homeostasis as a tensegrity system and is discussed later in this 

Defi nitions and Basic Postural Principles

If we regard posture as the result of the dynamic interaction of 
two groups of forces—the environmental force of gravity on one 
hand, and the strength of the individual on the other—then pos-
ture is but the formal expression of the balance of power existing 
at any time between these two groups of forces. Thus, any dete-
rioration of posture indicates that the individual is losing ground 
in his contest with the environmental force of gravity (8).

Analysis of a patient’s posture provides an enormous amount 
of information about that individual. If and how the patient com-
pensates or decompensates under gravity’s continuous stress speaks 
volumes about that patient’s homeostatic reserves. The pattern and 
degree of antigravity (postural) muscle dysfunction, the presence 
and type of group spinal curves, and the locations of the resultant 
postural spinal crossovers offer clinically relevant insight into phys-
ical structure-function relationships. Observation of posture may 
also offer the clinician the fi rst clues to the underlying emotional, 
spiritual, and psychological elements of a patient. Conversely, it 
may also suggest a source of physical pain and energy depletion 
that precipitates or perpetuates nonphysical dysfunctions within 
that individual.

The postural model encompasses a range of treatment strate-
gies designed to impact general health status or to treat the under-
lying cause of specifi c problems. Such strategies play a central role 
in the management of certain spinal conditions such as scoliosis or 
spondylolisthesis that are associated with postural decompensation. 
In addition, such strategies may signifi cantly improve symptoms 
associated with a wide range of neuromusculoskeletal conditions. 
Postural improvement can reduce and potentially eliminate grav-
ity strain’s constant precipitation and perpetuation of myofascial 
trigger points and other recurrent somatic dysfunction. Ameliora-
tion of gravity strain has been postulated to support homeostatic 
mechanisms by reducing nociception and segmental facilitation 
and by supporting the clinical goals defi ned by the osteopathic 
respiratory-circulatory model.

Base of Support and Center of Gravity
Posture is defi ned as the distribution of body mass in relation to 
gravity over a base of support. As an adult shifts from a standing 
to seated posture, this base of support shifts from the feet alone to 
a base that includes the pelvis. Theoretically, a center of mass for 
the entire body could be mathematically approximated using force 
plates or computer-assisted summation of horizontal cross-sec-
tional measurements for any given posture. By defi nition, however, 
in the living human, the center of gravity must remain a theoreti-
cal point representing the weight center of the body for the given 
posture; the point about which the body balances in every direc-
tion moment to moment. For simplicity, osteopathic practitioners 
accept that the generic clinical center of gravity in an adult’s passive 
upright standard posture lies approximately in the middle of the 
third lumbar vertebral body (9).

Balancing against gravity over a base of support is not a passive 
process. For example while standing, moving your arms from your 
sides to a horizontal position in front of your body shifts your body 
mass and, therefore, the center of gravity anteriorly. To keep from 
falling forward, dynamic homeostatic mechanisms are activated to 
alter total body posture from the toes to the head. The resulting 
posture will often be observed to increase regional spinal curves 
and requires energy from multiple muscles to maintain it.

Functional postural demands will also alter structure, usually 
fi rst at the sites where structural anatomy changes. For example, 

Figure 36-1 Changes in sagittal plane spinal curves from day 1 
through age 10 years. (From Kapandji IA. The Physiology of 
the Joints. Vol 3. New York, NY: Churchill-Livingstone, 1974:17, with 
permission.)
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line,” runs midway between the feet, through the pubic symphysis, 
along the midline of the vertebral column, and bisects the center 
of the suprasternal notch and glabella. Ideally, there would be no 
rotation in the horizontal plane of any body region (Fig. 36.2C) 
and no coronal plane side-bending asymmetry.

Optimal postural alignment in the sagittal plane (Fig. 36.2D) 
has been characterized by a weight-bearing line that passes through 
the lateral malleolus, midknee, femoral head, anterior third of the 
sacral base, middle of the body of the L3 vertebra, humeral head, 
and external auditory meatus.

Failure of the body to align optimally with respect to its center 
of gravity functionally stresses pain-sensitive soft tissues and joint 
facets that were not adapted for direct, sustained weight-bearing 
function. Thus, structural change, increased energy demands, and 
pain are the results of postural decompensation (15).

Common Postural Clinical Conditions
Postural Types: Body Unity Issues
Clearly, posture is not just a stack of spinal curves with musculolig-
amentous connectors. Posture is infl uenced by the patient’s triune 
emotional, spiritual, and psychological sense of self and by their 
inner energy reserves. It has been astutely observed that posture, 
to a large degree, can be a somatic depiction of one’s inner emo-
tions; what has been termed a somatization of the psyche (16). In 
emotionally depressed patients, for example, the somatic posture 
is also often termed depressed. Sagittal plane curves are typically 
accentuated and patients seemingly hang from their soft tissues 
without the apparent energy to stand tall. (See Table 36.1 for other 
postural types associated with the psyche.) In some chronic condi-
tions where both physical and psychoemotional dysfunction exist, 
it is often diffi cult to know whether the psychoemotional state or 
the posture is the primary factor maintaining the cycle.

Sometimes, the primary psychological issue does not directly 
manifest in the posture; instead, for example, it may lead to fl uctua-
tions in weight, such as obesity. Such changes may, in turn, cause 
secondary changes in posture by requiring a redistribution of body 
mass or the use of medications that affect postural homeostatic 
mechanisms. Some health professionals generalize certain body 
types (endomorphic, mesomorphic, or ectomorphic) as being 
“linked” to a corresponding personality; regardless, there are mass 
and distribution of mass issues that affect both posture and the 
energy demands required to implement postural change.

Even when body unity issues do not directly impact the mani-
festation of posture, they can subvert a well-planned treatment 
program. In particular, compliance, vanity, and patient education 
are body unity issues that must be addressed in a complete postural 
treatment regimen. Patients’ philosophies toward illness, their way 
of life, their appearance, their education, and the environment in 
which they function all can affect their compliance, which in turn 
affects the outcome of the treatment program.

Spinal Biomechanics
“Biomechanics from the osteopathic perspective has evolved into a dual 
study of the adaptive responses of the body to gravitational force and 
the effects of alterations in joint mechanics that result from injury or 
impaired function” (17).

Spinal joints are designed to provide the motion in our activi-
ties of daily living and to permit the body unit to adopt the optimal 
dynamic posture in order to remain upright while doing so. Most 
ordinary and compensatory spinal motions involve a group of ver-
tebral segments. In thoracic and lumbar group curves, such spi-
nal motions follow Fryette’s fi rst principle of physiological motion 
and are necessary to allow for positional changes of the body. This 

chapter. (In architecture, tensegrity is defi ned as “the property of 
skeletal structures that employ continuous tension members and 
discontinuous compression members in such a way that each mem-
ber operates with the maximum effi ciency and economy.”) (10) The 
neurological system contributes through its antigravity and balance 
functions to insure the body’s “best attempt” at an upright posi-
tion and orientation; it involves multisensory pathways to provide 
the visual, vestibular, and somatosensory data from proprioceptor 
and cutaneous receptors required to optimize these functions (11) 
The central nervous system (CNS) then integrates this sensory 
information to create an internal frame of reference that regu-
lates the center of gravity and creates the optimal posture for that 
individual.

This best attempt by the body is an optimal posture for a given 
individual; a balanced confi guration of the body with respect to 
gravity. Optimal standing postural alignment involves the total 
body and depends, in part, on balancing regional structures includ-
ing cervical, lumbar, and thoracic curves under gravity’s infl uence; 
it depends also on normal arches of the feet, vertical alignment of 
the ankles, and horizontal orientation (in the coronal plane) of the 
sacral base. The presence of the optimal or ideal posture suggests 
that there is a perfect distribution of the body mass around the 
center of gravity; the compressive force on spinal disks is balanced 
by ligamentous tension; and there is minimal energy expenditure 
from postural muscles (12,13). Structural or functional factors, 
however, frequently prevent achievement and maintenance of opti-
mal or ideal posture. When this occurs, homeostatic mechanisms 
manifest compensatory patterns in an effort to provide maximum 
postural function within the existing structure of the individual. 
Compensation is the counterbalancing of any defect of structure or 
function (14).

An optimally balanced standing postural alignment in the 
coronal plane normally divides the body into two equal parts 
(Fig. 36.2A and B). The center of gravity line, or “weight-bearing 

Figure 36-2 An optimally balanced standing postural alignment 
in the coronal plane (A,B) normally divides the body into two equal 
parts. The center of gravity line, or “weight-bearing line,” runs 
midway between the feet, through the pubic symphysis, along 
the midline of the vertebral column, and bisects the center of the 
suprasternal notch and glabella. Ideally, there would be no rotation 
in the horizontal plane of any body region (C) and no coronal plane 
side-bending asymmetry. Optimal postural alignment in the sagit-
tal plane (D) has been characterized by a weight-bearing line that 
passes through the lateral malleolus, midknee, femoral head, ante-
rior third of the sacral base, middle of the body of the L3 vertebra, 
humeral head, and external auditory meatus. (Courtesy of William 
Kuchera, D.O., F.A.A.O.)
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T A B L E  3 6 . 1

Examples of Relationships Between Psyche and Posture

Psychological Tendency or Psyche Posture Implications

Healthy individuals who are open and 
ready internally to meet all external 
environment has to offer

Gentle, firm back curves; flexible 
body, pelvis-hips-knees

Capable of adaptation and 
homeostasis; maximal function 
within triune body

Depression; defeated individuals; 
downcast attitude; Those who feel, 
“I can’t”

Posture is also “depressed.”
Head droops forward
Trunk bends downward
Shoulders project forward
“Limp posture” resembles a very 
tired person

Tendency toward cervical and 
lumbar lordosis coupled with 
thoracic kyphosis.
Posture leads to an abnormal 
stretch of ligaments and to pain.
Bioenergically a fatiguing posture, 
as keeping this position causes 
overload on the extensor muscles.
Posture adds physiological 
tiredness to the preexisting 
psychological feeling.
Decreases depth of inhalation 
and compromises the respiratory-
circulatory model.

Hyperkinetic individuals; aggressive 
individuals; anxiety; anger

Postural position very unbalanced
Shoulders are carried anteriorly
Pelvis is flexed
Muscles are in a constant state of 
supported contraction

Postural muscles especially psoas 
prone to triggerpoints.
Muscles of jaw, posterior neck, 
and shoulders especially tight

Individuals ashamed of body maturity 
(common in some girls reaching 
growth spurt earlier than boys of same 
age; development of breast tissue)

Posture is slumped with shoulders 
rolled inward

Prone for thoracic outlet symptoms 
from increased lordosis in neck and 
trigger points in pectoralis muscles

Proud, outgoing Chest leads (“throw chest out”) Often a hard, rigid back
Threatened; fearful individual Forward neck; prominent buttocks; 

protruding collapsed abdomen
Tightened buttocks, hamstrings 
and sphincters
Tight thoracoabdominopelvic 
diaphragms

Shame, sorrow, sadness Head hangs (“hang your head in 
shame”)

Obstinate or determined Chin leads (“stick your neck out”)

Source: Some thoughts extracted from “psycho-orthopedics” by Sypher FF. Pain in the back: a general theory. J Int College Surgeons, 
1960;33:6 and reported in Irvine WG. New concepts in the body expression of stress. Can Fam Physician 1973;38–42.

means that when the spine is in its neutral position (an absence of 
marked fl exion or extension) and side bending is introduced, the 
vertebrae rotate into the produced convexity (18). (Rotation is to 
the opposite side of side bending.)

These types of dynamic spinal curves may be produced in the 
coronal plane by unilateral muscle contraction. Tension originating 
from this muscle creates a concavity, which results in a lateral curve. 
The involved thoracic and lumbar vertebrae rotate into the convex-
ity. These Type I curves disappear when the muscle relaxes. Type 
I curves become a biomechanical problem when restriction occurs 
and the spine no longer straightens.

The total somatic body reaction that manifested as postural 
changes in response to less than ideal conditions is better under-
stood by applying knowledge of spinal biomechanics. For example, 
the bottom-up spinal response to unleveling the sacral base in the 
coronal plane or an anatomically short lower extremity is guided 

by spinal biomechanical principles. To keep the eyes level at the 
opposite end of the body, the lumbar vertebrae located above the 
sacrum start to side bend away from the low sacral base thereby 
creating a scoliotic curve. As this Type I lumbar group curve 
forms, all other spinal regions capable of adjusting their align-
ment attempt to accommodate the new postural balance. Simi-
larly, spinal biomechanics largely direct the postural response in a 
top-down spinal response to certain craniocervical dysfunctions or 
deformations.

Early postural compensation is associated with the develop-
ment of a longer single lumbar or lumbothoracic scoliotic curve—
convex on the side of the low sacral base. In this C-shaped scoliotic 
curve, the horizontal cephalad planes are typically depressed on the 
side opposite the depressed pelvic horizontal plane. Later, the com-
pensatory mechanisms redistribute postural responsibilities result-
ing in the formation of several lateral curves. In this more chronic 
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postural compensation (an S-shaped scoliotic curve), the shoulders 
and the greater trochanteric planes are typically depressed on the 
same side as the depressed sacral base. (The typical biomechanical 
response to sacral base unleveling is shown in Fig. 36.3.)

Postural patterns can be classifi ed according to their capacity 
to be lessened by employing specifi c functional maneuvers that are 
appropriate for the regions’ spinal biomechanics. If some spinal 
motion such as side bending can reduce a lateral curve, it is known 
as a functional or secondary curve. If it is unable to be reduced, it is 
known as a structural, fi xed, or primary curve. A functional scoliotic, 
for example, is reversible; a structural scoliotic curve is nonrevers-
ible. Because structure and function are interrelated, many scoliotic 
curves are a mixture of these two classifi cations. This phenomenon 
is also seen with postural patterns in other planes.

Postures Seen in Pathology
Rational, conservative management of the postural components 
of patients with certain orthopedic disorders or structural pathol-
ogy presupposes early and accurate diagnosis and a thorough 

understanding of the biomechanics involved. While the underlying 
cause is important for prognosis, knowing the static and dynamic 
effects of the pathology on spinal mechanics and on the homeo-
static reserve required for compensation is central to the treatment 
design. For example and as discussed later in this chapter, man-
agement of patients with spondylolisthesis typically emphasizes 
sagittal plane strategies; management of scoliosis patients typi-
cally emphasizes coronal plane strategies. Table 36.2 lists examples 
of other pathological conditions in which the application of the 
osteopathic postural model is useful.

Postural Compensation: An Integrated 
Homeostatic Process

Genetic, traumatic, and habitual processes that require compen-
sation accumulate and create an environment where few patients 
have ideal posture. Compensated postures are not ideal postures; 
they are, however, the result of several integrated homeostatic 
mechanisms working through the entire body unit to maximize 

Figure 36-3 Typical postural compensation for short-leg syndrome. (Courtesy of William Kuchera, D.O., F.A.A.O.)
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T A B L E  3 6 . 2

Examples of Pathology and Posture

Pathology
Primary Plane(s) of 
Postural Involvement Postural Effect

Cervical disk disease Coronal and sagittal Aggravating radiculopathy;
Side bending toward can compromise 
nerve root;
Decreased lordosis can move disk material 
posteriorly

Cervical osteoarthritis Sagittal and coronal Aggravating radiculopathy;
Increased lordosis can close foraminal 
opening; Side bending toward can 
compromise nerve root

Lumbar disk disease Horizontal, coronal and sagittal Rotational stresses poorly tolerated by lumbar 
disks; flattened lordosis can move disk 
material posteriorly; side bending towards 
can compromise nerve root

Lumbar osteoarthritis Sagittal and coronal Aggravating radiculopathy;
Increased lordosis can close foraminal 
opening; Side bending toward can 
compromise nerve root

Lumbar L5-S1 spondylolisthesis Sagittal Shifts weight bearing anteriorly to increase 
strain on posterior spinal elements; may 
aggravate back pain or nerve roots; increased 
iliolumbar ligament strain

Visceroptosis Sagittal Aggravates fascial drag on abdominal and 
pelvic organs

Osteoporosis Sagittal Osteoporosis typically first affects the 
anterior portion of the thoracic spine; 
increased kyphosis may increase pressure on 
anterior thoracic vertebral bodies; thoracic 
compression fractures may increase thoracic 
kyphotic curves

Uterine prolapse Sagittal Studies reported in the Am J of Obstetrics 
and Gynecology (1996 and 2000) 
demonstrated correlation of increased uterine 
prolapse in women with loss of lumbar 
lordosis and in increased thoracic kyphosis 
(risk increased 3.2×)

DJD of the hip Coronal Increased DJD of the hip seen on the 
long-leg side

Lumbar facet arthritis Sagittal Posterior weight-bearing mechanics transfer 
functional demand to lumbar facets

Any pathology where there is a 
congestive component

Sagittal especially but any 
plane

Postural decompensation affects the respira-
tory-circulatory model by decreasing the 
efficacy of the thoracoabdominopelvic pump

Any pathology worsened by 
hypersympathetic tone

Any plane where the postural 
crossover occurs at the 
common site of autonomics 
to the organs or tissues 
involved

Postural decompensation increases segmental 
facilitation (especially at crossover sites and 
secondarily at apices of postural curves); this 
typically will decrease blood flow, alter 
glandular functions, and/or increase pain

Any pathology that significantly 
compromises energy use (e.g., 
congestive heart failure or severe 
chronic obstructive pulmonary 
disease)

Any plane that significantly 
increases the energy demands 
of maintaining posture or 
effecting gait

Postural demands may take energy needed 
to maintain functional activities of daily 
living in severely compromised individuals
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function. If not overly stressed, many compensated postures will 
remain relatively asymptomatic.

Postural compensation is coordinated by the CNS with contin-
uous feedback provided by visual information, vestibular informa-
tion from the semicircular canals, and kinesthetic/proprioceptive 
information from tendons and muscles (19). The resultant pos-
ture is manifested throughout the entire body to minimize energy 
requirements and to distribute and balance somatic stress, while 
keeping the eyes and semicircular canals as level as possible.

Postural homeostatic lessons are gradually “learned” by the 
evolving peripheral-CNS interrelationship. Infl uences begin with 
forces in utero; then from birth, throughout the growth process, and 
into senescence, soft tissue structures and functions both infl uence, 
and are infl uenced by, the cumulative functional demand placed 
upon them by postural compensation. As a result:

■ Each person will progressively compensate in a different way 
depending, in part, on his or her unique intrinsic and extrinsic 
risk factors

■ Postural preferences and patterns will conform within the resul-
tant connective tissue structure

■ Neuromusculoskeletal structures will remodel to refl ect the 
functional demands placed upon them

■ Functional capability will be limited by less than ideal structure.

These progressive and interactive neuromusculoskeletal compensa-
tory processes impact postural diagnostic and treatment protocols. 
With regard to diagnosis, an osteopathic examination of selective soft 
tissue tensions and dynamic posture and segmental motion testing 
should be added to static postural alignment in the upright weight-
bearing position. This combination illuminates structure-function 
interrelationships and provides clinical clues about the inherent 
capability of the patient’s neuromusculoskeletal system to balance 
and maintain biomechanical alignment. Radiographic analysis of 
bony postural relationships (discussed later) adds further insight. 
With regard to therapeutics, recognition of the long-term nature of 
postural compensation suggests that a reversal toward ideal posture 
should be equally progressive and consistent if it is to succeed.

Potential Impact
Postural mechanisms acting from moment to moment may have 
only a transient negative impact on an individual. Persistent 
demands however lead to adaptations; in certain individuals, intrin-
sic or extrinsic factors may overtax one or more of the homeostatic 
processes that could lead to the manifestation of symptoms and 
eventually to postural decompensation.

Understanding how either postural compensation with adapta-
tion or postural decompensation might negatively impact health 
requires a closer look at how each impacts tensegrity, group curves, 
and spinal mechanics. In this fashion, it becomes possible to pre-
dict and/or assess whether an individual’s posture is contributing to 
negative functional or structural conditions.

Tensegrity
The tensegrity model plays a signifi cant role in understanding the 
effects of postural stress, compensation, adaptation, or decompen-
sation. Introduced by architect Buckminster Fuller in 1929 from 
the terms tension and integrity, tensegrity modeling has been suc-
cessfully applied to biological systems. The model helps explain 
how most of the integrated structure-function arrangements in 
living systems require such little energy for their maintenance (pos-
tural integrity). The way in which bony tension elements are held 
together by connecting elastic elements (ligaments and antigravity 
muscles) helps create/maintain the balance between stability and 

strength; it also explains how forces are dispersed through the body 
diffusely. The tensegrity model helps explain the predictable total 
structural response to tension change anywhere in the body.

In this model, it is recognized that:

■ Areas of hypomobile somatic dysfunction may cause compensa-
tory hypermobility elsewhere

■ Hypermobility in one or more regions may affect compensatory 
hypomobility elsewhere

■ Fascial patterning and musculoligamentous tensions take on 
primary importance as the model’s connecting elements

It also helps to explain why certain global or local host factors 
adversely affect the capability of some individuals to successfully resist 
the effect of gravity strain or why injury to local sites (e.g., a foot or 
knee) may lead to secondary symptoms like back pain or headaches. 
For these reasons, a number of clinical models including osteopathic 
and orthopedic medicine cite tensegrity principles (16,20,21) when 
discussing the importance of postural balance and treatment.

Group Curves
Postural terminology applied to group curves is apparent in some 
situations and requires a thorough understanding of clinical med-
icine for others. Normal postural curves in the sagittal plane for 
example are termed kyphotic (forward bending) or lordotic (backward 
bending) curves; when they are pathological they are termed kyphosis 
and lordosis, respectively. Similarly, when pathological, coronal side 
bending (or scoliotic curves) of more than 5 degrees is termed scoliosis. 
Scoliosis is sometimes referred to as rotoscoliosis because rotation and 
side bending are inseparably linked. The pathology may be called a 
kyphorotoscoliosis if all three planes are signifi cantly involved.

The terminology refl ects the presence of an underlying contin-
uum of responses to dynamic postural processes. Examples of this 
include the spine that is initially in a curved position to compensate 
for an anatomic short leg or certain structural deformities, postural 
balance adaptation, or even long-term positional change (such as 
may be required for a certain occupation) that becomes a pattern. 
In response to functional demands, the tissues associated with this 
curve change. Tissue texture changes become palpable and over time, 
tissues on the convex side become lengthened; those on the concave 
side become shortened. Bony remodeling in response to stress within 
the scoliotic group curve takes place, and the result is structural defor-
mation of the vertebral body with lateral wedging and scoliosis (22). 
Longstanding curves with this type of anatomical adaptation resist 
change. Eventually, the curved position becomes the neutral position 
and is readily apparent in the analysis of standardized static postures.

In the process of postural compensation and adaptation, group 
curves in a given plane typically assume certain patterns. The most 
common patterns have group curves occurring in one direction 
in one region and in the opposite direction in the adjacent spinal 
regions, alternating so that the body can maintain some type of pos-
tural balance. Most commonly, these changes occur within the so-
called transitional regions—areas where anatomic structure changes 
create the potential for the greatest functional change (Fig. 36.4).

Describing the pattern (23–25) of the group curves in vari-
ous patient populations along with the location and direction of 
the major group curve provides a convenient way of summariz-
ing common postural prototypes. Postural patterns or patterning, 
therefore, refers to useful and classifi able combinations of regional 
compensatory changes:

■ Naming the anatomical locations of the postural crossover site 
provides clinical clues to potential somatovisceral sequelae or 
to sites at risk of arthritic change. Crossover sites are named 
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for the vertebral level where group curves change direction and 
crossover the ideal gravity line.

■ Naming the apices of group curves is also clinically helpful.
■ By international convention, group curves in scoliotic patterns 

are named for their convex side. For example, rotoscoliosis right 
means a postural curve that is convex to the right by being side 
bent to the left by more than 5 degrees.

Mechanics and Patterning
The biomechanical principles in postural compensation lead to 
fairly predictable response patterns to disturbances in one or more 
regional postural curve.

The systemic fascial or regional compensatory pattern will con-
sist of an alternating directional pattern in one or multiple planes 
occurring at the transitional regions of the body (25) (Fig. 36.5A or 
its less common mirror image). (See the discussion of compensated 
fascial patterns in Chapter 51 and recognize the relationship this 
pattern has relative to the Postural and Respiratory-Circulatory 
models as a consequence):

■ In group postural curves, spinal side bending and rotation are 
biomechanically linked with each other (18) with the thoracic 

and lumbar regions for example, typically manifesting curves that 
side bend in one direction and rotate in the opposite direction.

■ In sagittal plane postural curves, the degree of fl exion or exten-
sion may manifest alone or in conjunction with all three cardinal 
planes.

With respect to the spinal mechanical compensatory pattern, grav-
ity-induced changes in each plane of motion in the lumbopelvic 
region are particularly predictable because of this region’s proximity 
to the L3 vertebral center of gravity.

■ In the sagittal plane, gravity encourages the sacral base to rotate 
anteriorly and encourages innominates to rotate posteriorly 
(Fig. 36.6) (26,27). This occurs because the L3 weight-bearing 
gravitational line falls anterior to the middle transverse sacral axis 
and behind the femoral axis. Homeostatic mechanisms that resist 
this counter-rotation are provided by muscular tone and by pel-
vic and lumbosacral ligaments (28). The anterior rotation of the 
sacrum in turn tends to increase all lordotic and kyphotic curves.

■ Compensatory changes in the coronal plane (as occurs with leg-
length inequality) can also be generalized. As shown in Figure 
36.3, the lumbar spine side bends away from and rotates toward 
the low sacral base. The pelvis as a unit typically side shifts and 
rotates around a vertical axis toward the long leg side. The innom-
inate may attempt to compensate for the “short leg” by rotating 
anteriorly on the short leg side. This functionally lengthens that 
extremity. The innominate on the side of the apparent long leg 
may rotate posteriorly to functionally shorten that extremity. 
Often, on the long leg side, the foot assumes a pronated position, 
and the lower extremity internally rotates. The lumbosacral angle 
(LSA) increases 2 to 3 degrees. The increased LSA and pelvic 
rotation often mask the presence of an unlevel sacral base (29). 
The vertebrae of the most caudal scoliotic curve usually side bend 
away from and rotate toward the side of the apparent short leg.

■ Pelvic rotation in the horizontal plane occurs concomitantly 
with biomechanical stresses in the coronal plane (such as the 
short-leg syndrome) (30). This can present a therapeutic 

Figure 36-4 Compensation in the horizontal planes: Alternating 
pattern of rotation at transition zones. (Courtesy of William Kuchera, 
D.O., F.A.A.O.)

Figure 36-5 The systemic fascial or regional compensatory 
pattern will consist of an alternating directional pattern in one or 
multiple planes occurring at the transitional regions of the body. 
(Courtesy of William Kuchera, D.O., F.A.A.O.)

Figure 36-6 In the sagittal plane, gravity encourages the sacral 
base to rotate anteriorly and encourages innominates to rotate pos-
teriorly. (Courtesy of William Kuchera, D.O., F.A.A.O.)
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challenge when prescribing foot orthotics in an attempt to treat 
leg length or to level the sacral base. Strategies helpful in address-
ing this clinical challenge are described later in this chapter.

Relationship to Somatic Dysfunction
The consequences of postural compensation are most commonly 
asymptomatic; however, they may predispose an individual to 
prolonged or recurrent positions or adaptations that are less than 
ideal. As such, the postural element becomes a precipitator or per-
petuator of certain somatic dysfunctions that may elicit symptoms. 
For example, it is widely quoted that posture is the most common 
precipitating and perpetuating factor for Travell myofascial trigger 
points (31). It contributes in the same fashion to recurrent dysfunc-
tional muscle imbalance between the antigravity postural muscles 
and their antagonists.

In the thoracic and lumbar spine, somatic dysfunction second-
ary to postural compensation typically carries the freedom pattern of 
the neutral Type I spinal group curve mechanics that predominate 
in that patient; the restriction being in the opposite direction. If and 
when symptoms occur from Type I somatic dysfunctions, any pain or 
segmental facilitation generated is likely to be focused at the postural 
crossover sites where the most “work” is allowed or at the apices of 
the curves where the most restriction often exists. Should postural 
compensation in the sagittal plane predispose for somatic dysfunc-
tion that remains either fl exed or extended outside the neutral range, 
the most symptomatic area may also be a single segment at the center 
of the sagittal postural curve. That segment is almost always symp-
tomatic and may demonstrate somatic dysfunction that is either uni-
planar (fl exion or extension) or triplanar (Type II dysfunction).

Postural compensation or adaptation may also predispose and 
perpetuate fascial dysfunction at all four transitional zones. The 
directional pattern of compensatory regional fascial function and 
dysfunction is also an alternating one.

Postural compensation requires the work of muscles and, even 
prior to postural decompensation (discussed later), may predispose 
an individual to patterns of muscular somatic dysfunction. This is 
particularly true in patients who complain that their symptoms 
began after a particularly “long day on their feet.” In these patients, 
look for muscular somatic dysfunction in their over-worked anti-
gravity muscles and, if identifi ed, in those of the same myotatic unit 
(muscles sharing the same function). Such muscular dysfunction 
symptomatology may range from achiness and hyperirritability to 
local crampy pain to the distantly referred pain and entrapments 
resulting from the development of myofascial trigger points. Anti-
gravity/postural muscles are discussed further in this chapter.

Characteristically for this etiological cause, even after successful 
initial treatment of the individual arthrodial or myofascial somatic 
dysfunctions, the same pattern initially seen will often gradually 
recur until the primary postural element is addressed. Such recur-
rence should therefore trigger suspicion that postural compensation 
mechanisms underlay this diagnosis. It is important here to point 
out that the locations of somatic dysfunction in a primary postural 
pattern may be signifi cantly different from a primary viscerosomatic 
pattern even though in both a pattern of recurrence is seen.

Some osteopathic physicians question the value of treating sec-
ondary group curve and regional fascial somatic dysfunctions; in 
treating posturally related somatic dysfunction they might focus only 
on any nonneutral Type II single segmental dysfunctions present. 
Others emphasize the importance of treating group curves when 
they are symptomatic or when the dysfunction might interfere with 
the success of implementing one of the osteopathic models of care. 
The correct answer to the question (of whether to treat or not) prob-
ably depends on asking another question about the patient involved. 

“What is the functional signifi cance of a group curve for the patient?” 
If the group curve contributes to dysfunction of the patient or prevents 
success in applying another treatment, then it should be treated.

Gravitational Strain Pathophysiology and 
Postural Decompensation

Gravitational force is universal, a systemic stressor, and an often 
underestimated and potentially progressive disruptor of postural 
homeostasis. Although it exerts a constant force on all structures, 
some individuals appear to be less capable of resisting gravitational 
effects than others. Possessing certain intrinsic (host) or extrinsic 
risk factors, these individuals may have weakened support mecha-
nisms, increased functional demand on postural structures, and/or 
biomechanical disadvantages that challenge their ability to com-
pensate for gravity’s effect on their body systems (15,32–35). Con-
sidered in this fashion, posture is a secondary fi nding.

Of the many signature manifestations of pathophysiology result-
ing from the individual’s chronic attempt to stave off the effects of 
gravity (15), altered postural alignment and recurrent somatic dys-
function are the most prominent. Other signs and symptoms indica-
tive of gravitational strain pathophysiology (GSP) include low back 
pain, pain referred to the extremities, headache, somatovisceral mani-
festations, fatigue, and weakness will escalate in frequency and sever-
ity as key host compensatory mechanisms are progressively taxed.

Postural decompensation occurs when an individual’s functional 
homeostatic mechanisms are overwhelmed (36) or when the degree 
of pathological change becomes structurally incapable of resisting 
gravitational force.

Predisposing Factors
The presence of a number of anatomic, congenital, and acquired 
conditions can stress postural compensatory mechanisms or accel-
erate the signs and symptoms of GSP and postural decompensa-
tion. In return, chronic postural functional demands will initiate 
and accelerate structural changes. This is a classic example of the 
reciprocity of structure-function interrelationships.

Patients with predisposing intrinsic or extrinsic factors will be at 
the highest risk of postural decompensation. Identifying these predis-
posing factors with an appropriate history and physical examination 
is an important diagnostic goal in the osteopathic postural model.

Intrinsic Factors
A number of host (intrinsic) factors decrease the ability to 
adequately resist gravity and create a predisposition towards pos-
tural decompensation. Examples include:

■ Age (intrinsic factors related to muscle weakness, fascial elasticity, 
bone mass, etc.)

■ Altered integrity or response from antigravity soft tissues 
(systemic hypermobility syndrome, various connective tissue 
disorders, muscular dystrophy, etc.)

■ Incompetent bony antigravity structures (spondylolysis or 
spondylolisthesis, etc.)

■ Poor tissue health (related to poor nutrition, inactivity with 
subsequent deconditioning, metabolic diseases, etc.)

Examples of host factors that increase asymmetry within the body 
and thereby magnify demands on postural compensatory mecha-
nisms include:

■ Altered base of support (unilateral pes planus [fl at foot]), wear-
ing shoes with high or worn heels, dysfunctional gait following 
ankle sprains or strains, anatomically short leg, etc.)
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■ Changes of body habitus (pregnancy, obesity, etc.)
■ Congenital bony asymmetries (small hemipelvis, wedge verte-

brae, etc.)
■ Ergonomic factors associated with poor sitting or standing habits
■ Strenuous posturing required by certain work environments 

or recreational activities such as gymnastics or carrying heavy 
rucksacks.

This chapter has already discussed a number of disorders which 
have known postural changes often due to each compromising one 
or more postural homeostatic mechanisms that result in a less effi -
cient or defective host response (see pathologies or body unit issues 
related to posture).

Extrinsic Factors
Traumatic postural decompensation occurs when macrotrauma or 
recurrent microtraumas disrupt muscular, ligamentous, or bony 
stability of the spine. Such decompensation may occur more fre-
quently in patients with a history of automobile accidents or surgi-
cal laminectomies (macrotraumas); or of carrying heavy loads for 
signifi cant distances or certain high-level sport activities, as exist 
in gymnastics, weight-lifting, golf, or football (35) (microtrauma). 
Fractures of the spine, pelvis, or lower extremity may produce sacral 
base unleveling or the need for other compensatory changes above 
the area of the trauma. In addition, a few occupations actually 
increase extrinsic gravitational stress, for example, certain military 
pilots who experience multiple G-forces.

Responses of Tissues
Skeletal-Arthrodial Response
According to Wolff Law, bone remodels over time in response to the 
stress placed upon it (37). In this fashion, the vertebrae of patients 
with exaggerated or lateral postural curves will develop wedging of 
the vertebral body and exostoses (spurs). Posterior weight-bearing 
mechanics transfers weight onto the spinal facets, which results in 
modifi ed function, increased calcium deposition that may appear 
on radiographs, and pain.

Degenerative change in spinal and other major weight-bearing 
joints (such as the hip) also occurs when there is accentuated func-
tional demand and asymmetry. Degenerative arthritis of the hip 
joint that is accompanied by tenderness over the greater trochanter 
often develops on the long leg side (38).

One third of the sample population studied in a long-term radio-
graphic postural study documented a chronic, progressive postural 
decline with spinal postural patterns which continued to evolve with 
age (6). The likelihood of several lateral curves evolving is higher 
when the leg-length inequality is >10 mm (39). The stereotypic pos-
ture of the geriatric patient depicts a decrease in total height as their 
kyphotic and lordotic curves are accentuated. In addition, the radio-
graphic measurements of such patients show a height diminution 
(an increased pelvic index [PI] ratio) within the pelvis (32,40).

Regional (Transition Zone) Fascial Response
Postural patterning infl uences and is infl uenced by the fascias and 
related structures. J. Gordon Zink described patterns (25) that are 
clinically relevant to the diagnosis and treatment of fascial com-
pensation and decompensation. Based on the palpatory fascial 
preference to motion, these fascial patterns may be classifi ed as 
ideal, compensated, or uncompensated (Fig. 36.5A is one of two com-
pensated—meaning directionally alternating—regional patterns). 
The postural infl uence on fascial patterning is important for under-
standing the effect that postural management has in improving the 
respiratory-circulatory model (41). Conversely, fascial preference 

infl uences tissues and skeletal structures of each region and 
produces the dynamic postural characteristics of that body region.

Muscular Response
Gravitational stress placed on musculoligamentous structures is 
constant and is amplifi ed in patients with less than ideal postural 
alignment. When the viscoelastic deformation properties of a mus-
cle are unable to resist an imposed stress, predictable pathophysi-
ological changes occur (15). These changes are both functional and 
structural. The elastic component represents the transient func-
tional change in connective tissue length occurring in response to 
stress. The viscous component, on the other hand, is responsible for 
the more permanent ( plastic) deformation of connective tissue that 
occurs with static postural change.

Stressed myofascial structures undergo sustained changes in 
length and deleterious change is most pronounced in shortened 
muscles (42). New collagen, with a half-life of 10 to 12 months, 
realigns the connective tissues in response to vectors of stress, per-
petuating postural problems and maintaining the biomechanical 
amplifi cation of gravitational stress. Postural patterns that are com-
pensated are more likely to decompensate.

The structure of the muscle and its function are related; both 
playing a major role in the muscle patterns commonly seen in 
posture-initiated pain and dysfunction. In GSP, stressed antigrav-
ity muscles develop chronic, recurrent trigger points (43), consis-
tent myotomal and sclerotomal pain patterns (44), and predictable 
functional changes. While postural (antigravity) muscles are struc-
turally adapted to resist fatigue and function in the presence of pro-
longed gravitational exposure, when their capacity to resist stress 
is overwhelmed, they become irritable, tight, and shortened (45). 
Many muscles that are antagonists of these postural muscles, react 
when stressed by becoming weak or pseudoparetic (45). Therefore, 
GSP manifests as dysfunction in a postural pattern of tight and 
weak muscles or of myofascial trigger points (Fig. 36.7) (45–47). 
Recognizing such predictable patterns involving multiple muscles 
(Tables 36.3 and 36.4) should suggest GSP as a possible underlying 

Figure 36-7 A postural pattern of tight and weak muscles or of 
myofascial trigger points. (Courtesy of William Kuchera, D.O., 
F.A.A.O.)
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T A B L E  3 6 . 3

Examples of Postural (Hypertonic-Prone) Muscles and Symptoms

Lower Body Muscle(s) Symptoms

Iliopsoas Inability to stand straight (psoas posturing); knees flexed; recurrent L1 or L2 NN 
somatic dysfunction; pain referred to back and anterior groin; positive Thomas 
test; may falsely increase PI measurements and decrease LS angle unless 
treated

Quadratus lumborum Low back pain referred to the groin and hip; may be misdiagnosed as 
gr. trochanteric bursal disorder; exhalation 12th rib somatic dysfunction; 
diaphragm restriction

Thoracolumbar erector spinae Low back pain; recurrent thoracolumbar somatic dysfunction; segmental 
facilitation

Hamstrings Pain sitting or walking; pain disturbs sleep; pain referred to posterior thigh; 
straight leg raising limited mechanically; the combination of tight hamstrings 
on one side and tight rectus femoris on the other usually suggests postural 
strain seen with pelvic rotation in the horizontal plane; may cause false positive 
straight leg raising test

Rectus femoris Pain deep inside the knee; the combination of tight hamstrings on one side 
and tight rectus femoris on the other usually suggests postural strain seen with 
pelvic rotation in the horizontal plane

Piriformis Pain down posterior thigh; may entrap peroneal portion of sciatic nerve; 
perpetuated by(and perpetuates) sacroiliac dysfunction; associated with pelvic 
floor dysfunction, dyspareunia or prostatodynia

Thigh adductor (short) Pain referral to the inguinal ligament, inner thigh, and upper medial knee
Gastroc-Soleus complex Nocturnal leg cramps; pain referral to upper posterior calf, instep, and heel

The “Lower Cross Syndrome” (or “Pelvic Cross Syndrome”) reflects the pattern of lower body postural-phasic muscles in Tables 36.3 and 
36.4 affecting the lower kinetic chain (lumbopelvic hip complex, knee, and ankle). The patient usually presents with anterior pelvic tilt, increased 
lumbar lordosis (swayback), and weak abdominals; they usually experience chronic low back pain, piriformis syndrome and anterior knee pain. 
This syndrome was popularized by Czech neurologists and manual medicine specialists, Vladimir Janda, M.D. and Karel Lewit, M.D.

Upper Body Muscles Symptoms

Upper trapezius Most likely muscle in body to develop TrPs; headache pain refers to occiput 
and/or to side of head near temple

Sternocleidomastoid The SCM clavicular head is rich in proprioceptors (informs CNS where head 
is with respect to body), so dysfunction leads to postural instability & spatial 
disorientation; may veer off to one side while walking; refers pain to forehead 
bilaterally and ear. Sternal head may cause visual and ANS symptoms

Levator scapulae Stiff neck (especially with rotation); pain to base of neck, vertebral border of the 
scapula and posterior shoulder

Pectoralis major (upper) May cause chest wall pain with radiation down arm in anginal pattern (if on left) 
and intense nipple hypersensitivity

Pectoralis minor Prominent in slumped postures with rolled in shoulders, increased kyphosis, 
and anterior neck carriage; May entrap brachial nerve and/or axillary artery 
leading to radial sided dysesthesias and possible loss of the radial pulse

Cervical erector spinae Headache and neck pain; recurrent cervical somatic dysfunction
Scalenes The entrappers—may entrap neurovascular bundle (esp lower trunk of the 

brachial plexus and/or subclavian vein) with dysesthesias to 5th digit and/
or puffy hands; may also reflexly limit thoracic duct return leading to upper 
extremity swelling; TrPs may cause dysesthesia into thumb and index finger 
side of hand. May lead to recurrent elevated rib 1–2 somatic dysfunction

Janda’s and Lewit’s “Upper Cross Syndrome” reflects the pattern of lower body postural-phasic muscles in Tables 36.3 and 36.4 affecting 
the upper kinetic chain (neck, shoulder, upper chest). The patient usually presents with headaches, upper thoracic pain, and various Thoracic 
Outlet Syndrome signs and/or symptoms.
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cause. In these patients, treatment of the dysfunctional postural 
alignment yields more lasting results than treatment of the sec-
ondary recurrent myofascial trigger points or muscle imbalances 
in isolation.

Finally, GSP and postural decompensation may also involve a 
loss of energy because of the increased active muscle contraction 
(48) needed to counteract gravity or to ambulate.

Ligamentous Response
Stabilizing ligaments are stressed in individuals with postural 
imbalance or diminished homeostatic abilities to resist gravity—
in particular, the iliolumbar, sacrotuberous (ST), and long dorsal 
(posterior) sacroiliac ligaments; each having its own predictable 
sclerotomal pain pattern.

The iliolumbar ligaments (ILL) are critical for stabilizing the 
lumbar vertebrae with respect to the pelvis (28). They are usually 
the fi rst structures to be involved with GSP and are also affected by 
both sacral and innominate rotations (Fig. 36.8). The attachments 
of these ligaments become tender to palpation when stressed—
unilaterally in coronal plane postural strain and bilaterally in 
sagittal plane strain conditions. ILL calcifi cation may occur with 
long-standing postural strain because calcium is laid down along 
lines of stress (Wolff law) (37). Functional changes include tender-
ness, edema, and pain referred to the lower extremity (Fig. 36.9); 
these fi ndings disappear with treatment.

ST ligament and long dorsal sacroiliac (LDSI) ligaments 
resist anterior and posterior rotation of the sacrum respectively 
(Fig. 36.10) (49). The LDSI ligament connects the sacrum and the 
posterior superior iliac spine (PSIS), whereas the main part of the 
ST ligament connects the sacrum and ischial tuberosity.

Postural stress involves a more complex biomechanical 
interaction than is depicted in Figures 36.8 and 36.10. It involves 
interaction between these ligaments, the sacroiliac joint, the tho-
racolumbar fascia, and a variety of muscles including the multifi di, 
biceps femoris, and glutei (49). The pelvic girdle as a foundation 
for function and support must therefore be interpreted in its rela-
tionship to other areas of the spine and all four extremities.

Response of Related Neural, Vascular, Lymphatic, and 
Visceral Elements
The postural model overlaps with the respiratory-circulatory and 
neurological models of patient assessment and treatment. Each of 
these models looks to transition zones as key areas for identifying 
and treating somatic dysfunction.

The transition zones are closely linked to transverse dia-
phragms; dysfunction in these areas often results in reduction of 
venous and lymphatic return. Reduction of postural decompen-
sation frequently improves respiratory homeostasis and reduces 
circulatory impediment. Additional symptoms originate at the 
individual’s postural crossover sites, where the spinal curve crosses 
from side to side or anterior to posterior across the weight-bearing 
line (Fig. 36.11) and may secondarily occur at postural curve apical 
sites. These sites often manifest local subjective joint and myofas-
cial tissue symptoms. The resultant nociception frequently links the 
postural model to the autonomic model through resultant facili-
tated segments (50,51) producing inappropriate increases in sym-
pathetic activity. Posturally mediated facilitation, in turn, results in 
dysfunction of segmentally related vascular and lymphatic struc-
tures, somatovisceral refl ex change, and subsequent related organ 
dysfunction.

T A B L E  3 6 . 4

Examples of Phasic (Pseudoparesis-Prone) Muscles and Symptoms

Lower Body Muscle(s) Symptoms

Gluteus minimus Pain characteristic when arising from chair; pain referral to 
buttock, lateral and posterior thigh; “pseudosciatica”; antalgic 
gait; positive Trendelenburg test

Gluteus medius Pain aggravated by walking; pain referral to posterior iliac crest 
and sacroiliac joint; positive Trendelenburg test

Gluteus maximus Restlessness; pain sitting or walking up hill; antalgic gait
Three Vasti (but not rectus femoris) Buckling knee syndrome; weakness going up stairs; thigh 

and knee pain; patellar tracking imbalance; chondromalacia 
patellae

Rectus abdominis Increased lordosis; constipation
Tibialis anterior Pain referred to great toe and anteromedial ankle; may 

drag foot or trip when tired

Upper Body Muscle(s) Symptoms

Mid/lower trapezius Refers pain and tenderness to the region of the upper 
trapezius

Latissimus dorsi Causes chronic midthoracic back pain but with the slack muscle, 
no particular position offers relief

Rhomboids Ache between shoulder blades; cracking or scrunching sounds 
when move shoulder

Deep cervical flexors Longus coli and longus capitus muscles leading to recurrent 
cervical somatic dysfunction; loss of neck stability
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Furthermore, in the coexistent presence of intervertebral 
foraminal compromise by cervical or lumbar degenerative disease 
(fi gure-of-eight deformities), increasing postural curves may further 
reduce homeostatic abilities to counter irritation or swelling in the 
area, resulting in altered axoplasmic fl ow, so-called double-crush 
phenomena, or radicular symptoms neurological model); each of 
these can also result in secondary myofascial trigger points (52–54).

In considering the postural model then, related neural, vascular, 
lymphatic, and visceral information should always be sought and 
an attempt should be made to correlate the site of GSP with local, 
visceral, or referred symptoms.

General Diagnostic Considerations
Observation and palpation of postural muscles, their antagonists, 
and regional or group spinal curves should be performed if possible 
with the patient in an upright, weight-bearing position. In this 
upright position, the patient is asked to move into various positions 
to determine whether any observed thoracic or lumbar rotoscoliotic 
group curve asymmetry can be functionally reduced or eliminated. 
The structural component in the coronal and horizontal planes is 
represented by the spinal asymmetry that is not modifi ed by active 
or passive motion.

A B

Figure 36-8 A. Anterior rotation of sacrum bilaterally stresses fi bers labeled 1. Posterior rotation of innominates 
bilaterally stress fi bers labeled 2. B. Calcifi cation of iliolumbar ligament is an excellent example of structural change 
resulting from excess functional demand. (Radiograph from the Institute for Gravitational Strain Pathology Inc., with 
permission.)

Figure 36-9 Iliolumbar ligament pain pattern from postural imbal-
ance. (Courtesy of William Kuchera, D.O., F.A.A.O.)
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Figure 36-10 A. Sacrum rotating anteriorly winds up ST ligament. 
B. Sacrum rotating posteriorly winds up the LDSI ligament. (From 
Vleeming A, Snijders CJ, Stoeckart R, et al. The role of the sacro-
iliac joints in coupling between the spine, pelvis, legs, and arms. In: 
Vleeming A, Mooney V, Dorman T, et al., eds. Movement, Stability, 
and Low Back Pain: The Essential Role of the Pelvis. New York, NY: 
Churchill-Livingstone, 1997, with permission.)

Figure 36-11 Postural crossover sites. (Courtesy of William 
Kuchera, D.O., F.A.A.O.)

Sagittal plane decompensation is associated with alteration 
of the anteroposterior (AP) regional curves of the body and spe-
cifi c palpable somatic patterns. In addition to myofascial and 
ligamentous clues, anterior sacral base and lumbar hyperlordosis, 
craniosacral extension mechanics often accompanies this con-
dition. The extension phase of the craniosacral mechanism is 
often accompanied by fatigue, loss of energy, and/or psychological 
depression.

Asymptomatic postural compensation is of no concern in many 
individuals but constitutes a degree of risk for others. For indi-
viduals seeking patient care, recurrent symptoms may be eventually 
traced to the predisposition toward somatic dysfunction, nocicep-
tion, facilitation, or stress within the tensegrity unit; each commonly 
engendered by postural decompensation. Furthermore, functional 
demands imposed by maintaining posture over long periods of 
time may induce structural changes; those which, although some-
times asymptomatic, are increasingly likely to become symptomatic 
when further stressors are added. Eventually, if postural compensa-
tion mechanisms are overwhelmed, the result is highly symptomatic 
postural decompensation (discussed in the next section).

The purpose of postural diagnosis therefore is to determine 
where in the continuum a given patient is and whether the 
osteopathic postural model could or should be integrated into that 
patient’s healthcare regimen. To this end, the diagnostic process 
should answer at least four specifi c questions:

1. Does the patient’s posture play a role in a patient’s given com-
plaint?

2. Does the patient’s posture detract or limit the patient’s ability 
for self-healing?

3. Does the patient’s posture present a signifi cant risk factor for 
pain, dysfunction, or pathology in the future?

4. Is the patient able to respond positively to a postural treatment 
regimen in a time- and cost-effective manner?

The postural diagnostic approach to answering these questions 
relies heavily on observation and palpation. It attempts to correlate 
other fi ndings from the patient’s history and physical examination 
in order to determine if any pertinent signs or symptoms exist. It 
may also bring in radiological or biomechanical tests to help quan-
tify the extent and type of postural change.

Observation
Posture may be assessed statically or dynamically. Combining static 
and dynamic testing is a common postural assessment strategy 
to determine if a given postural compensation is functional or 
structural.

Observation of static posture in the upright position permits 
comparison of the patient’s posture to the presumed ideal posture 
in each of the cardinal planes (see Fig. 36.2). In such a screen-
ing examination, postural curves that affect the neutral position 
become apparent and become the focus of further diagnostic test-
ing. In the static postural screening examination, the levelness and 
alignment of key landmarks as well as the space around the body 
is observed. Analysis of static posture may be enhanced by using a 
grid or a hanging reference wire (plumb bob line) to obtain valu-
able information with or without radiographic assistance. Static 
postures such as sitting or standing should remain still; if they do 
not, this may indicate a problem with the postural control mecha-
nisms associated with balance.

Suspicious regions identifi ed in static testing may be further 
screened using dynamic positioning to determine if the postural 
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curve is functional (with fl exibility) or structural (with no change 
permitted with motion), or mixed (with some combination of both). 
Dynamic postural testing not only adds insight into the fl exibility of 
obvious spinal curves that were apparent in static screening, it may 
also uncover minor or overlooked functional curves. Dynamic pos-
tural testing frequently provides information on the spinal biome-
chanics of the region being tested and can uncover areas of somatic 
dysfunction. Dynamic postural analysis looks at how postural 
elements react to particular motions and can be quantifi ed using 
manual or electronic goniometers to measure the magnitude and 
symmetry of total or regional motion in the three cardinal planes.

Coronal and Horizontal Plane Observations
Coronal and horizontal plane postural disorders are anticipated 
with certain combinations of static and dynamic observations. To 
diagnose coronal plane problems, fi rst stand behind the upright 
patient and observe (using simultaneous palpatory assistance) to 
assess the following key static anatomical landmarks (Fig. 36.12) 
for asymmetry from the horizontal plane:

■ Mastoid processes
■ Acromioclavicular joints
■ Inferior scapula

■ Fingertips
■ Iliac crests
■ PSIS
■ Greater trochanters
■ Knee creases

In addition, observe the coronal plane for evidence of scoliotic 
curves and note the spinal level at which point the curve crosses an 
imagined midline (crossover sites). Sometimes, asymmetry due to 
shoulder muscle bulk arising from a handedness pattern may mislead 
the physician to think there is a scoliotic curve; in these cases, it 
may be helpful to observe the patient from the front as well. Lateral 
spinal curves in the back are often refl ected in the front and are 
particularly easy to see in the chest hair pattern of some men. Look 
at the space around the body; is the space between one arm and the 
body greater on one side than the other?

Observation from the front of the body can also alert the doc-
tor to horizontal plane problems. In the static postural diagnosis of 
this plane, an imaginary or actual plumb-bob line should equally 
bisect the body. Observations should include:

■ Are midline structures like the nose and xiphoid process cen-
tered or not?

■ Is the face turned with one ear more visible than the other?
■ Is one humeral head, costal margin, or anterior superior iliac 

spine (ASIS) anterior to the other?

After static observation, add one or more dynamic tests. Two com-
monly used observational test combinations in postural analysis 
examples are shown in the adjacent Figure 36.13.

■ Interpretation of the shape of the lumbar curve during a dynamic 
hip drop test in a patient with a lumbar Type I side-bending 
curve (Fig. 36.13A)

■ Interpretation of static and dynamic postures in a patient 
with thoracic Type I double balanced side-bending curve 
(Fig. 36.13B and C)

The Adams forward-bending test is the most commonly used 
dynamic screening test for rotoscoliosis. It works because side 
bending and rotation in group curves are normally coupled Fryette 
Type I motions. The test involves standing behind the patient and 
observing for a “rib hump” as the patient slowly bends forward. Any 

Figure 36-12 Levelness of horizontal planes. A. Occipital plane. 
B. Shoulder plane. C. Scapular plane. (inferior) D. Iliac crest plane. 
E. PSIS plane. F. Greater trochanteric plane. (Courtesy of William 
Kuchera, D.O., F.A.A.O.)

Figure 36-13 Assessment of structural or functional scoliosis. 
(Courtesy of William Kuchera, D.O., F.A.A.O.)
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costal asymmetry should then be analyzed by having the patient 
(still fl exed to the site of the asymmetry) try to side bend toward the 
high rib to see if levelness can be restored (Fig. 36.13C). Performed 
with care, this method should allow detection of scoliotic curves 
measuring as small as 10 degrees; when performed without focused 
attention, physicians have been documented to miss curves as large 
as 35 degrees. The forward-bending test has a sensitivity of only 
about 84% (less than Moire topography or scoliometer) but a speci-
fi city greater than both of those; it is most effective in thoracic sco-
liosis but has a high false-negative rate in the lumbar spine (55).

Sagittal Plane Observations
Viewing the static posture of patients from the side, the osteopathic 
physician should look for exaggerated or fl attened kyphotic or 
lordotic curves. The clinician should also assess whether key 
anatomical landmarks are aligned from bottom to top along an 
imaginary ideal (Fig. 36.2D) or actual plumb bob line:

■ Just anterior part to the lateral malleolus
■ Just behind the midknee
■ Femoral head
■ Anterior one third of sacral base (radiographic observation only)
■ Middle of the body of L3 (radiographic observation only)
■ Humeral head
■ External auditory meatus

Dynamic testing can be done while standing with the patient fl ex-
ing and extending to determine the relative fl exibility of the sagittal 
plane curves. Alternatively, in a functional lumbar lordosis, having 
the patient supine with bent knees as shown (Fig. 36.14) should 
permit the spinal curve to fl atten onto the table (or fl oor). Inability 
to fl atten this curve either actively or passively represents a sag-
ittal plane structural component or pathology. When evaluating 
this element, be sure to simultaneously “observe with palpation” 
the lumbar spine as excessive or hypertrophied soft tissues in the 
adjacent fl anks may mask the lordotic curve.

Palpatory Tissue Assessment
Musculoligamentous and fascial structures are affected early in 
patients with postural stress and somatic dysfunction here can be 
easily recognized with palpation.

The symptoms arising from the resultant pathophysiological 
condition have associated palpable tissue texture changes that include 
the following:

■ Muscle spasm in postural (antigravity) muscles
■ Subtle weakness to muscle testing in postural antagonist (pha-

sic) muscles
■ Tenderness over ligamentous and osseotendonous attachments 

involved in postural stability
■ Myofascial trigger points
■ Edema or bogginess

Palpation identifi es structural asymmetries of key landmarks 
and gathers information about the functional characteristics of 
the body unit. It is also the best tool for uncovering patterns of 
restricted motion, tenderness, pain, strain, or adaptations characteris-
tic of postural disorders. Palpation of the postural response to cer-
tain movements helps to differentiate the degree to which a given 
postural curve is structural or functional (i.e., does it stay the same 
or increase or does it reduce or disappear?).

It is important not to miss these palpable changes or postural 
pattern clues, which are relatively early signs that postural compen-
sation mechanisms are starting to be overwhelmed. If not recog-
nized and addressed upon discovery, it is possible that the last step 
in the continuum of man’s battle against gravity will be postural 
decompensation.

Postural Radiographic Series
As mentioned, posture and postural diagnoses involve the under-
standing of both static (structural) and dynamic (functional) char-
acteristics; x-ray images primarily visualize the static or structural 
aspect of posture. Therefore, postural radiographs are typically 
performed after fi rst using OMT to correct concomitant somatic 
dysfunction—especially preradiographic goals include normaliz-
ing lumbopelvic mechanics (56), and treating the larger postural 
muscles affecting the lower extremities and pelvis such as the 
quadratus lumborum (57), and iliopsoas (46) that are known to 
particularly distort static postural interpretation. Performed in this 
manner, an osteopathic postural series will document “repeatable 
fi ndings when the state of the patient is unchanged and provide 
valid information concerning improvements or regressions in skel-
etal structure which are associated with changes in the patient’s 
condition” (4).

These radiographs also contain information pertinent to 
assessing skeletal maturity (Fig. 36.15) and aid in identify-
ing congenital anomalies and other structural defi ciencies (see 
Fig. 36.16 and Table 36.5) that can enhance the potential for 
gravitational and other functional strain to overwhelm the body’s 
homeostatic mechanisms or prevent their reversal through the 
employment of certain treatment strategies. Finally, postural radio-
graphs may be used to quantify static postural distortion or dec-
ompensation from the ideal and to document improvement with 
treatment.

Protocol
While many radiologists are not trained to do postural studies 
specifi cally for osteopathic analysis, most will conduct them for 
referring physicians if informed of the protocol and necessary mate-
rials needed (such as is depicted in Fig. 36.17A and B) (58). The 
protocol involves two postural views, AP and lateral, which are cap-
tured in order to assess coronal, horizontal, and sagittal plane static 
postures (Figs. 36.18 and 36.19). These AP and lateral fi lms are 
typically performed with the patient’s shoes off to determine intrin-
sic postural discrepancies. At times, fi lms may also be obtained with 

Figure 36-14 Lumbar lordosis, with patient actively attempting 
to fl atten spine to table. A. Structural component (no reduction of 
lordotic curve). B. Flattening indicative of functional lordotic curve. 
(From Simon DG, Travell JG, Simons LS. Myofascial Pain and Dys-
function: The Trigger Point Manual. Vol I. Baltimore, MD: Williams & 
Wilkins, 1999, with permission.)
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the patient wearing their shoes, with a therapeutic lift or orthotic 
in place, to determine the amount of sacral base unleveling that 
still remains to be corrected (i.e.). The exposure of the patient to 
ionizing radiation in this study is minimal. For example, this 
protocol is calculated to expose the patient to 0.12 rad for the AP 
postural view but could be reduced even further with only 0.011 rad 
to the gonads using a lead gonadal shield (57). Known pregnancy 
would nonetheless be a contraindication to performing a postural 
radiographic series.

Postural x-ray views taken according to a standardized proto-
col (with precise foot placement, locked knees, and consistent arm 
positions) can be accurately and consistently measured for static 
postural information by radiologists or attending nonradiologist 

Figure 36-15 Skeletal maturity using Risser. (Courtesy 
of William Kuchera, D.O., F.A.A.O.)

Figure 36-16 Common lumbosacral abnormalities: 
A. Batwing transverse processes of L5. B. Lumbariza-
tion of S1. C. Sacralization of L5. D. Facet asymmetry 
(zygopophyseal tropism) of L4. E. Partial sacralization 
of L5 (Bertolotti). F. Spina bifi da occulta of both LS and 
of S. (Courtesy of William Kuchera, D.O., F.A.A.O.) 

physicians (59). Such a protocol is amenable to rapid adjustment and 
placement, making it practical even in busy radiology departments. 
Each time the patient is positioned in a reproducible weight-
bearing posture and recorded with an independent vertical reference 
line (RL) on the fi lm. The RL is unrelated to the position of the 
cassette, yet it is perpendicular to the line of the horizon. Measure-
ments taken from the edge of the fi lm may be inaccurate because 
of the variable position of the fi lm within the cassette and therefore 
would produce misleading or nonreproducible results (57).

Lack of a standard protocol would render many measure-
ments meaningless for the purposes of postural diagnosis, patient 
follow-up, or research. However, using standard protocols for tak-
ing and marking the fi lms for postural measurements have been 
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T A B L E  3 6 . 5

Radiological Findings on Postural Films

Radiological Finding and 
Appearance Best X-ray View Implications/Comments

Congenital
Bat-wing deformity A-P lumbosacral Clinically: May alter joint mechanics, pain and 

inflammation possible if rudimentary L5-iliac joint, alters 
sacral base level
Radiographically: May be unable to accurately measure 
sacral base unleveling

Sacralization of L5
Partial Sacralization = Bertolotti 
syndrome

A-P and lateral 
lumbosacral 
(both help)

Clinically: Short lumbar curve (n = 4) leading to more 
functional demand per segment and increased likeli-
hood of developing degenerative L4 spondylolisthesis
Radiographically: Unable to measure PI or lumbosacral 
lordotic angle

Lumbarization of S1 A-P and lateral 
lumbosacral 
(both help)

Clinically: Long lumbar lever arm (n = 6) leading to less 
stability and increased incidence of low back pain
Radiographically: Unable to measure PI

Spina bifida occulta A-P lumbosacral Clinically: May not mean anything however may be 
harbinger of other posterior spinal congenital anomalies; 
muscles may attach and therefore function differently; 
often externally small tuft of hair at vertebral site

Facet tropism A-P and lateral 
lumbosacral (both help 
visualize)

So common that most radiologists do not even report its 
presence (“most commonly occurring congenital spinal 
anomaly”); asymmetric function; may

Horizontal L5-S1 facets with—
listhesis (see Table 36.7, Type I)

Lateral lumbosacral Clinically: Drop-off sign is at level lower than isthmic 
type because spine remains attached to

Small hemipelvis A-P pelvis Clinically: May be associated with smaller extremity and/
or face on same side; may lead to functional scoliosis in 
seated position (and similar symptoms)

Wedge vertebrae A-P thoracolumbar Radiographically: Impact on Cobb Angle process

Acquired
Spondylolysis Oblique lumbosacral Clinically: May be asymptomatic but usually associated 

with increased sagittal plane stress and decompensation; 
called prespondylolisthesis

L5-S1 isthmic spondylolisthesis 
(see Table 36.7, Type IIA-B)

Lateral and oblique 
lumbosacral

Clinically: Loss of bony continuity coupled with typical 
postural anterior weight-bearing mechanics causes stress 
and strain on posterior support tissues and postural 
muscles generally; over Meyerding gr II, often very tight 
hamstrings
Radiographically: Look also for other signs of calcified  
show “Scotty dog” deformity at site of spondylolysis

L4–5 degenerative 
spondylolisthesis
(see Table 36.7, Type III)

Lateral lumbosacral Clinically: often very flexible hamstrings

(Roto)scoliosis A-P thoracolumbar Clinically: See text discussion
Radiographically: May distort traditional view (e.g., A-P 
view may become spinal oblique view)

Disk thinning Lateral lumbosacral Clinically: Decreases homeostatic reserve to swelling 
in area of neural foramina and may lead to increased 
radiculopathy or instability of vertebral unit
Radiographically: May wish to do functional flexion-
extension to look for low level secondary degenerative 
spondylolisthesis or retrolisthesis

(continued )
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T A B L E  3 6 . 5  (Continued )

Facet arthritis AP and lateral Seen in especially in posterior weight-bearing mechanics
Unlevel sacral base A-P lumbosacral Often a cause of functional scoliotic change above; 

coronal changes often linked to visual rotational change 
as well

DJD spurs, figure-of-eight 
vertebral foraminal changes; 
calcification of ligaments 
(e.g., iliolumbar)

Oblique as well as 
other views

Clinically: Structural signs of long-term functional 
demand (Wolff law) but themselves may be totally 
asymptomatic
Radiographically: Should raise suspicion of postural 
stress warranting postural measurements

Fracture(s) Multiple views; oblique 
view for optimal view of 
the pars interarticularis

Clinically: May cause reflect straightening of the spinal 
curve due to muscle spasm
Radiographically: May not be able to accurately assess 
underlying lordotic angles due to straightening

A B

Figure 36-17 X-ray set-up. A. Vertical Bucky diaphragm and piano wire reference. B. Rectangular metal base plate 
with RLs. 1, posterior line; 2, midheel line.
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studied extensively for reproducibility, validity, and clinical 
relevance (60,61). In such studies (Fig. 36.20), interexaminer stan-
dard measurements of error are acceptably small and have been 
remarkably consistent in multiple studies (7,62,63). These might 
best be summarized as a mean error of <1.0 mm and a maximum 
error of 2.0 mm for linear measures and 2 degrees for angular mea-
sures. These were also the conclusions obtained when manual and 
computer-assisted measurements by different practitioners (radi-
ologist, primary care physicians, and osteopathic medical students) 
(59) were compared.

General interpretation of postural radiographs
Postural measurements obtained in this way can be interpreted 
using the osteopathic postural model. This model presumes that 
static fi ndings from postural radiographs will be correlated with 
various dynamic aspects of the clinical examination, including pal-
pation, and can be used to uncover relevant structure-function and 
postural-biomechanical insights. To maximize the interpretation 
of the static information provided by postural x-rays, the osteo-
pathic postural model also presumes that somatic dysfunction is 
corrected as much as possible prior to sending the patient for a 
postural radiographic series (56). The somatic dysfunctions that are 
most likely to create signifi cant transient postural asymmetry on 
these fi lms are:

■ Sacral shear (unilateral sacral fl exion)
■ Innominate shear (e.g., superior or up-slipped innominate)
■ Iliopsoas muscle spasm (46)
■ Quadratus lumborum spasm (57)
■ Innominate rotation

In interpreting these radiographs, a number of fi ndings that may or 
may not be clinically relevant, including those listed in Table 36.5, 
are considered.

Examples of common lumbosacral anomalies appearing 
radiographically and having potentially signifi cant impact when 
implementing the postural model are depicted in Figure 36.16 
and Table 36.5. Several of these anomalies complicate the selec-
tion of landmarks used in postural measurements or in the inter-
pretation of postural radiographic data. A few are recognized to 
cause low back pain or instability in a percentage of patients; oth-
ers are widely believed to be incidental insignifi cant anomalies, but 
may be viewed as “risk factors,” others potentially complicate the 
fi ndings in those patients who are diagnosed as having regional 
instability.

Interpreting AP thoracolumbar postural radiographs
The standing AP fi lm of the thoracic and lumbar regions contains 
both qualitative and quantitative information about posture in the 
coronal and horizontal planes.

By noting the relative positions of the two pedicles and the 
spinous process, thoracic or lumbar vertebral rotation can be quali-
tatively assessed in AP radiographic views (see Fig. 36.18B). In the 
absence of vertebral rotation, the spinous process is located equi-
distant from each pedicle. With right vertebral rotation (named in 
relation to the direction of movement of a reference point on the 
anterior portion of the vertebral body), the spinous process visual-
ized on the x-ray fi lm appears closer to the left pedicle. With left 
vertebral rotation, the spinous process appears closer to the right 
pedicle on the x-ray fi lm.

Vertebral side bending is easily observed on the AP radio-
graphic view and can be qualitatively reported. Quantitative mea-
surements of group curves are often more formally reported by 
using scoliosis nomenclature. Scoliosis, by convention, is reported 
in reference to the convexity of the curve. A right scoliosis is side 
bent left (convex right). The Cobb method is commonly used to 
measure scoliotic curves (see Fig. 36.18A) and with care is accurate 

Figure 36-18 Measurement of curvature and rotation by Cobb method. (Courtesy of William Kuchera, D.O., 
F.A.A.O.)

Chila_Chap36.indd   456Chila_Chap36.indd   456 8/6/2010   7:49:03 AM8/6/2010   7:49:03 AM



 36 • POSTURAL CONSIDERATIONS IN OSTEOPATHIC DIAGNOSIS AND TREATMENT 457

to within 3 degrees (64). Lines are constructed across the top of the 
superior vertebral segment and across the bottom of the inferior 
vertebral segment of a spinal scoliotic curve. Perpendicular lines are 
then constructed from these lines that intersect to form an angle—
the Cobb angle measurement.

Interpreting AP lumbopelvic postural radiographs
The standing AP radiograph of the pelvis contains coronal and 
horizontal plane postural data. This fi lm is especially important 
in evaluating the degree of sacral base unleveling, structural leg 
lengths, and pelvic rotation with the patient in a weight-bearing 
position; measures that are the central values infl uencing lift ther-
apy in the osteopathic postural model. Roughening of the iliac 
crest where the iliolumbar ligament attaches or calcifi cation of the 
iliolumbar ligament (see Fig. 36.8) (65) should be noted, as these 
are markers for postural stress.

Common measurements associated with coronal plane posture 
include the relatively straightforward iliac crest and femoral head 

lines; horizontal lines quantifying any height asymmetry to these 
landmarks. The sacral base line used to report sacral base unleveling 
is determined in a less intuitive manner (see Fig. 36.19A and B). For 
clinically relevant reasons, this line is extended to the vertical lines 
extending from the femoral heads (4,59). The amount of sacral base 
unleveling is reported as the measured height difference of a line 
drawn across the top of the sacral base as extrapolated to its inter-
section with the femoral head lines. The margin of error in measur-
ing sacral base unleveling, using this radiographic protocol, has been 
reported to be ±0.75 mm (57). Measurements using the different 
choices for landmarks (line of eburnation [see Fig. 36.19B] or the 
juncture of the sacral ala with either the iliac crests or the articular 
pillars) for identifying the sacral base are reported to have a variabil-
ity of up to 2 mm (59,57). Therefore, the alternative selected should 
be that which has the least ambiguity or in which the set of refer-
ence points are most easily and accurately identifi ed (34,56,66).

Because the osteopathic physician is more interested in leveling 
the sacral base than making the leg lengths equal, the sacral base 

Figure 36-19 Measurements for a postural x-ray view. A. AP postural measurements. B. Landmark options for 
measuring sacral base unleveling. C. Lateral postural measurements. (Figs. 36.19A and C adapted from Kuchera WA, 
Kuchera ML. Osteopathic Principles and Practice. 2nd Ed. Rev. Columbus, OH: Greyden Press, 1994:63. Fig 36.19B 
adapted from Irvin RE, Suboptimal posture: the origin of the majority of idiopathic pain of the musculoskeletal 
system. In: Vleeming A, Mooney V, Dorman T, et al., eds. Movement, Stability, and Low Back Pain: The Essential Role 
of the Pelvis. New York, NY: Churchill-Livingstone, 1997:133–155.)
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Figure 36-20 Sagittal plane standing postural radiographic measurements and their normal ranges.

unleveling is usually of more clinical signifi cance than comparison 
of anatomic leg lengths. In the presence of sacral base unleveling, 
the direction of the lumbar side-bending component is also clini-
cally relevant. In most cases without concomitant pelvic shear dys-
function, the iliac crest, femoral head, and sacral base unleveling 
measurements will be roughly equal. In larger discrepancies, how-
ever, it would appear that intrapelvic homeostatic adaptations are 
inadequate or overwhelmed leading to sacral base height unlevel-
ing that surpasses the difference in the femoral head heights (67).

Pelvic rotation is recognized qualitatively by observing asym-
metry of the obturator foramina. It can be quantifi ed by measur-
ing the distance between the pubic symphysis and either the dark 
line representing the air in the gluteal crease or the median sacral 
crest (36). The pelvis is denoted to rotate in the direction in which 
the anterior portion of the pelvis (pubic symphysis) moves. In 
Fig. 36.19A, the pelvis is rotated to the left.

Interpreting lateral lumbopelvic postural radiographs
The standing lateral fi lm of the pelvis provides a means for deter-
mining several sagittal plane postural measurements. (see Figs. 
36.19C and 36.20) These include the angle of the sacral base (Fer-
guson angle), the weight-bearing line (WBL) from L3 relative to 
the sacral base, lumbar lordotic angles, and the PI. Normal values 
for these objective measures are summarized in Figure 36.20.

The ideal line of weight bearing (see Fig. 36.2D), previously 
described as running just anterior to the lateral malleolus, will be 
represented by a radiolucent line produced by the image of the 
metallic reference wire on the x-ray fi lm. This RL can also be used 
to evaluate the approximate position of the center of gravity (body 
of L3) relative to the lateral malleolus of the ankle, the sacral base, 
and the femoral heads. The L3 WBL should ideally fall through 
the anterior one third of the sacral base. If this line falls posterior 

to the sacral base, the lumbar facets are subject to an increased load. 
Especially in the case where signifi cant stress is longstanding, the 
involved facets on the radiograph will exhibit arthritic change, seen 
as eburnation (increased density) of these articulations.

The PI is a calculated ratio that quantitatively refl ects the rela-
tive position of the innominates to the sacrum (Fig. 36.21). Normal 
PI values are age related (40) and are typically less than 1.00. As 
the patient ages, this postural intrapelvic ratio approaches (or, in the 
same conditions, may exceed) the value of 1.00. PI has been docu-
mented to be increased in some patient populations, including ath-
letes with high functional demand in the sagittal plane (35), patients 
with chronic low back pain (40), and those with L5-S1 isthmic 
spondylolisthesis (46). In the latter group, patients with an extremely 
high PI for their age should be examined for spondylolysis or spon-
dylolisthesis. Conversely, PI has been shown to be very low for age in 
patient populations with L4-5 degenerative spondylolisthesis (68).

Lordotic angles are objective measurements of lumbar lordosis 
(Fig. 36.22) (69). The observation of hyperlordosis is signifi cant 
in the evaluation of patients with sagittal plane postural problems. 
Some of these measurements may eventually prove to be relevant, 
whereas others may never add any clinical relevance. Radiographi-
cally, lumbar lordosis is often only qualitatively assessed as normal, 
increased, or decreased. It can be quantifi ed however by measuring 
the angle created by lines along the top of L2 and S1 (lumbosacral 
lordotic angle), or the top of L2 and the bottom of L5 (lumbolumbar 
lordotic angle) (69). These angles average 60 and 43 degrees, respec-
tively (70). A modifi cation of the Cobb method can also be used to 
quantify other sagittal plane curves.

Postural radiographic summary
Abnormal static postural measurements can be viewed as being 
biomechanical (or functional) risk factors for a patient. Using the 
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Figure 36-21 Pelvic index. (Courtesy of William Kuchera, D.O., 
F.A.A.O.)

Figure 36-22 Lordotic angles of the lumbar A-P curve. A. Lum-
bosacral lordotic angle using L2 and S1 (average 60 degrees. 
B. Lumbolumbar lordotic angle using L2 and the bottom of L5 (aver-
age 43 degrees). (Courtesy of William Kuchera, D.O., F.A.A.O.)

standard radiographic protocol summarized in this chapter (58), 
measurements outside the normative range suggest a biomechani-
cal disadvantage that increases functional demand. As the number 
of biomechanical risk factors increases, homeostatic maintenance 
of posture is more likely to fail. These factors not only strain mus-
culoligamentous structures but also predispose the patient to the 
development of scoliosis, spondylolysis, or spondylolisthesis (71), 
or other postural diagnoses.

Balance Plates and Other Functional Postural Measures
Balance plates, computerized calculations of changing centers of 
mass during a particular activity, or even dynamic imaging pro-
cedures may also be additional quantitative measures used to 
understand the postural impact on structure and function. Some of 
these instruments can measure intersegmental as well as regional 
motions and are used to reinforce the palpatory determination of 
areas requiring manipulative treatment (hypomobile areas) and 
those that need strengthening exercise, prolotherapy, or extrinsic 
stabilization (hypermobile areas).

Correlation of static-dynamic diagnostic information within 
the structural-functional continuum will play a signifi cant role 
in postural treatment regimens and in providing patient educa-
tion concerning prognosis. Observation and palpation form the 
cornerstones of postural evaluation. Radiographic and computer-
ized range-of-motion analyses provide additional or supportive 
information.

General Treatment Strategies
Properly designed postural care for patients with signs of GSP is 
often effective in ameliorating recurrent, predictable patterns of 
pain and dysfunction as well as relieving a wide range of secondary 
complaints (46,72). This is true for GSP with or without postural 

decompensation, and principles used to prescribe individualized 
treatment plans do not vary signifi cantly regardless of which plane 
of posture is primarily involved.

Treating a patient with postural decompensation clearly 
requires appropriate diagnosis of postural structures and their func-
tional capabilities, and the treatment plan benefi ts from an esti-
mate of overall homeostatic reserves. Knowing the duration of any 
functional imbalance or adaptation and the amount of any postural 
decompensation infl uences both the scope of the treatment regi-
men and prognostic expectations. Identifying signifi cant muscle 
imbalance or joint somatic dysfunction in the absence of structural 
group curves may prompt corresponding “functional” treatment 
goals that promote freer motion within an optimally balanced pos-
ture. Such imbalance and dysfunction in the presence of signifi cant 
structural group curve involvement suggests adopting “structural” 
treatment approaches. In both cases, improved results are more 
likely when cumulative strategies decrease functional demand on 
postural structures, modify biomechanical risk factors, and allow 
postural homeostatic mechanisms to operate under more optimal 
conditions.

The prognosis for many functional care regimens is likely to be 
a signifi cant reversal or resolution of signs and symptoms. Expec-
tations for structural care, in some cases, may need to be limited 
to maximization of function within existing structural constraints. 
Likewise, realistic goals should involve attempting to slow or halt 
further postural decompensation in advancing curves.

Recalcitrant dysfunctions, or those that only respond tran-
siently to traditional postural strategies, might require adjunctive 
treatment modalities to accomplish the goals set for care. These 
additional adjuncts are particularly indicated for patients who have 
reduced intrinsic homeostatic compensatory mechanisms; struc-
tural change due to GSP and postural decompensation (reducing 
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the ability of the body to respond to otherwise successful treatment 
strategies); or those chronic back pain patients whose histories of 
failed surgical or medical management of concomitant arthritic, 
spondylolytic or disc disease suggest that their structural condi-
tions will make it more diffi cult for the patient to functionally 
resist gravity.

If compensatory mechanisms remain overwhelmed, the fol-
lowing adjuncts could be combined with other conservative treat-
ment of postural decompensation:

1. Postural education and compliance
2. OMT generally and to transitional zones
3. Postural exercise
4. Static postural bracing
5. Functional postural orthotics
6. Other miscellaneous approaches.

Postural Education and Compliance
Effective postural treatment regimens should emphasize education 
and compliance, especially in the initial phases of the reeducation 
program. Compliance is enhanced when the patient understands 
all components of the treatment protocol and their rationale.

In addition to other protocol components, provide to the 
patient sound biomechanical and ergonomic education emphasizing 
the choice of appropriate footwear, reduction of high heels, promo-
tion of functional arches, and correction of pronation. Other useful 
education includes proper lifting technique and, when necessary to 
accomplish appropriate weight distribution, dietary counseling.

Counseling may also be helpful in modifying patients’ self-
images regarding their bodies or the choices they make affect-
ing compliance. This is often required for successful treatment 
of the myofascial system. Teenage girls, for example, may slump 
severely because they are embarrassed about the development of 
their breasts. They may also not want to look taller than teen-
age boys who chronologically mature later. The personal atti-
tude many teenage girls have toward their body must be changed 
through education about normal growth and development. Other 
patients need treatment of their primary psychological depression 
that results in a secondary postural slump. Proper postural edu-
cation for the work site and other activities of daily living is also 
benefi cial.

OMT Generally and to Transitional Zones
OMT is an integral part of care when applying the osteopathic 
postural model. It addresses predictable patterns of somatic dys-
function that consistently and recurrently accompany postural 
problems. It helps prepare the soma (muscles, joints, ligaments, and 
other supportive soft tissue) to better accept the positive postural 
change sought by postural care regimens. It addresses tensegrity 
issues by reducing tension and hypomobility that, if left alone, may 
prevent reversal of functional group curves physically or create pain 
in these sites (73).

In managing group curves affected by GSP or postural dec-
ompensation, several considerations exist concerning treatment of 
somatic dysfunction with OMT:

■ The physician needs to identify and treat the cause of the curve. 
If the cause is functional, OMT might be used to remove that 
cause. Leveling the base of support by treating a unilateral 
pronated foot or a sacral shear somatic dysfunction in such a 
case would decrease the curve. If focal muscle hypertonicity has 
produced a curve, the muscle hypertonicity that produces the 
curve must be found. Causes of muscle hypertonicity are varied 
but if discovered and removed, the curve disappears.

■ The concavity of a curve is typically on the tight or restricted 
side, while the convexity is on the unstable side. OMT involves 
stretching or mobilizing the concavity while strengthening the 
convex side. This should be followed by an exercise prescription 
to maintain the effect of the OMT.

■ Postural change (both decompensation and “recompensation”) 
often occurs fi rst at the transition zones. Therefore, these regions 
should be diagnosed and dysfunction treated when found. The 
same system, to accomplish the fi rst step in the respiratory-
circulatory model, can be used effectively and effi ciently in the 
postural model.

■ As a patient adjusts to treatment for postural rebalancing, 
the spine must remain mobile to compensate for the change. 
Accomplishing such a primary goal while employing OMT or 
exercise in general postural treatment protocols may require reg-
ular OMT and carefully titrated exercise plans until the patient 
reaches that stage of healing in which their homeostatic mecha-
nisms are no longer overwhelmed.

■ If a curve has been present for some time, treatment of the curve 
improves motion within the curve. However, the curve itself or 
some asymmetry within the spine may remain or recur. Long-
term anatomical (structural) change should not be expected to 
disappear with manipulation alone.

The particular OMT method selected should improve structure-
function relationships where there is posture-induced pathophysi-
ological change and do so with a minimum of side effects. In 
hypermobile areas, indirect method OMT is particularly useful for 
treating somatic dysfunction. It should be recognized that hyper-
mobile areas may represent either primary traumatized tissue or 
regions of secondary compensation for other regions of restricted 
motion. In regions of longstanding hypomobility, direct methods, 
physical modalities, and stretching exercises are particularly use-
ful. The percussion hammer technique (Fig. 36.23), as was taught 
by Robert Fulford, D.O., is clinically helpful in the treatment of 

Figure 36-23 Percussion hammer technique. (Courtesy of William 
Kuchera, D.O., F.A.A.O.)
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some chronic postural problems (74). Examples of focused postural 
OMT to the transition zones are provided in Fig. 36.24 (seated) 
and Chapter 74 (supine).

Postural Exercise
Exercise is an often misunderstood and misused activity. The 
patient needs to be given a precise and realistic prescription for the 
goal, the dose, the frequency, and the duration of physical activities. 
In this manner, an exercise prescription can help the patient achieve 
rest, fl exibility, strength, and endurance, depending on the desired 
goal. Specifi c exercise in postural decompensation cases should be 
designed fi rst to rest, then to functionally enhance ineffective soft 
tissue structures, and fi nally to reintegrate the peripheral structures 
with their CNS controls.

Always consider the present status of the muscles and their 
ability to respond to a desired goal. In general, a person with dec-
ompensated posture requires a period of rest before exercise and 
compensation are effective; overly or continuously stressed or 
strained muscles cannot effectively be exercised until they have fi rst 

recovered (75). Thus, rest, medication, indirect OMT, and certain 
physical modalities may be necessary before beginning an individu-
ally designed exercise program; the appropriate exercise prescrip-
tion for a patient with postural decompensation may be to decrease 
activities of daily living.

The bioenergetic cycle (76) (Fig. 36.25) describes the require-
ment of resting the body until it is physiologically capable of 
resuming its postural fi ght against gravity. Energy expenditure 
throughout each day is cyclical; sequencing is important for the 
effi cacy of the process. Postural strain increases the expenditure in 
the early stages of the cycle and delays or even subverts later stages. 
When a person whose homeostatic reserves have been exceeded 
fi rst lies down at night, it may take 30 minutes (or more) before the 
erector spinae and quadratus lumborum muscles relax and allow 
comfort in the supine position. These muscles, therefore, need to 
be monitored. Furthermore, reduction in both iliolumbar ligament 
tenderness and edema is an indicator that active postural exercises 
may then be effectively introduced to achieve strength, stability, 
and proprioceptive reeducation.

When the muscles are suffi ciently recovered, certain exercise 
regimens are helpful for certain postural conditions. Pelvic coil exer-
cises (77) are often benefi cial for sagittal plane postural problems 
(Fig. 36.26). In patients with coronal plane postural decompensa-
tion, the exercises used in Konstantin, Poland, were shown to signifi -
cantly improve postural alignment, but exercise in the United States 
was often deemed ineffective. More recently, many protocols for 

A B C

Figure 36-24 Seated OMT for postural transitional zones. (Courtesy of William Kuchera, D.O., F.A.A.O.)

Figure 36-25 Bioenergetic model. (Modifi ed from Jungmann M. 
The Jungmann Concept and Technique of Antigravity Leverage. 
Rangely, ME: Institute for Gravitational Strain Pathology, Inc., 1982. 
Courtesy of William Kuchera, D.O., F.A.A.O.)

Figure 36-26 Pelvic narrow and coil exercises. (Courtesy of 
William Kuchera, D.O., F.A.A.O.)

Chila_Chap36.indd   461Chila_Chap36.indd   461 8/6/2010   7:49:08 AM8/6/2010   7:49:08 AM



462 III • APPROACH TO THE SOMATIC COMPONENT

trunk-specifi c exercises combined with correcting behavioral patterns 
have shown the benefi ts of including specifi c exercise in the regi-
mens of all degrees of scoliosis (78–81). Optimally, effective postural 
exercise protocols include the goal of proprioceptive reeducation. 
Promotion of fl exibility for realignment and selective strengthening 
for stability in hypomobile areas are goals for postural exercise.

As noted, exercise prescriptions should promote the healing of 
strained and injured tissues before striving to accomplish any other 
postural goal. Two basic rules of exercise are thereby advocated for 
these patients (82):

1. Avoid exercising to the point of fatigue.
2. Discontinue any exercise that causes pain until a reason for the 

pain is discovered.

Static Postural Bracing
Nonfunctional braces or corsets may be used as adjuncts to short-
term treatment. Under certain conditions, they may be used for 
longer periods.

Static structural bracing has both positive and negative aspects. 
On the positive side, static braces promote rest and healing in a 
region of acute strain; they support the structure and initially reduce 
ligamentous and muscular functional stress. On the negative side, 
the muscles soon become dependent on the support provided. The 
longer the brace is worn, the weaker the patient’s own muscles 
become. Static braces are therefore better for providing rest in an 
acute condition rather than for treating a chronic postural one.

Use of static bracing in chronic situations requires both care 
designed to prevent muscle atrophy and the patient’s dependence 
on the static brace. It is therefore imperative that the physician 
links the patient’s brace treatment with an ongoing exercise pro-
gram. Ideally, to prevent weakness and physical dependency, a phy-
sician should rarely introduce a static brace without having a plan 
to replace it (83).

Functional Postural Orthotics
Functional postural orthotics are more appropriate choices than 
static braces for patients with chronic GSP and postural decom-
pensation. Such devices serve to direct, guide, and/or reeducate the 
body, as opposed to directly taking over support. They are capable 
of infl uencing physiological parameters and reducing associated 
low back pain. With respect to postural realignment, this class 
of treatment modalities includes several specifi c orthotics. Func-
tional postural orthotics discussed in this chapter include over-the-
counter fl exible foot supports, graduated incremental heel or sole 
lifts, and a custom-fi tted pelvic orthotic device.

A functional orthotic device may be added to a patient’s treat-
ment regimen to enhance homeostatic postural mechanisms, pre-
vent GSP, or increase effi cacy of a postural treatment regimen. 
It is indicated for those patients exhibiting chronic or recurrent 
conditions resulting from, or aggravated by, postural strain or 
decompensation. Its use can realistically be expected to improve 
the body’s ability to resist strain and decompensation by altering 
biomechanical alignment or assisting soft tissue structures. Con-
comitant symptoms such as back pain, headache, fatigue, muscle 
imbalance, and functional visceral complaints may be relieved in 
a program that incorporates a functional postural orthotic, OMT, 
and patient education. These symptoms alone (in the absence of 
the underlying postural cause) are not a suffi cient indication for the 
use of adjunctive orthotic devices.

A foot orthotic that incorporates a unilateral heel lift adds 
length to one of the two lower extremities thereby leveling that 
base of support. This shifts the balance from side to side and affects 

posture primarily within the coronal plane. The direct mechanical 
impact of any such lift placed under the foot or heel is measured at 
the midcalcaneal line. In some ways, placing a unilateral shoe lift is 
similar to placing a shim under a table leg to balance the structure 
above it; in this case, in an attempt to level the top of the sacrum 
as a base of support.

A foot orthotic incorporating a unilateral anterior sole lift 
(usually placed under the metatarsal heads) will maximally affect 
posture in the horizontal plane. Located biomechanically anterior 
to the individual’s WBL, an anterior sole lift will typically tip the 
structures above the feet backward. In this fashion, such a lift on 
the right will rotate the pelvis to the right.

A pelvic orthotic device, such as the Levitor (Fig. 36.27), has 
its greatest effect within the sagittal plane. This pelvic orthotic has 
been used in the United States since 1939 and is the only pre-
scription, custom-fi tted device for the pelvic base of support that 
is available for long-term use with chronic GSP or postural dec-
ompensation in the sagittal plane. It weighs 6 oz and is made of 
a high-test aluminum alloy that transfers pressure to cushioned 
pads; one over the superior portion of the pubic symphysis and the 
other on the posterior part of the sacral apex below the S2 middle 
transverse axis. This orthotic device was specifi cally designed to 
resist the counter-rotation of the sacrum and innominates that 
occur under the infl uence of the strain of gravity. It aids but does 
not replace the function of postural muscles, thereby avoiding the 
dependency caused by the prolonged use of static bracing.

While the mechanical design of each orthotic primarily affects 
one plane of motion, linked musculoskeletal biomechanics insure 
that all three of these examples affect postural change in all cardinal 
planes simultaneously (29). Treatment outcomes include improved 
balance mechanisms as demonstrated by changing graphic center-
of-gravity plots and the reduction or reversal of lordosis, kypho-
sis, and scoliosis on postural radiographs (46). They also decrease 
low back pain, other musculoskeletal symptoms, energy demands, 
segmental dysfunction, and they appear to improve respiratory-
circulatory functions.

Other Miscellaneous Approaches
Electrical stimulation of paraspinal muscles has been used in 
some centers. Electrodes are placed in the muscles on the side of 
the spinal convexity and are connected to a direct current from a 

Figure 36-27 Pelvic lever action and Levitor. (From Jungmann M 
The Jungmann Concept and Technique of Antigravity Leverage. 
Rangely, ME: Institute for Gravitational Strain Pathology, Inc., 1982; 
with permission. Courtesy of William Kuchera, D.O., F.A.A.O.)
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control box. An electrical current causes contraction of the muscles 
on the side of the convexity and is postulated to help reduce scoli-
otic curvature. Research suggests that, used alone, this modality is 
not effective in reversing scoliosis; but it is recommended by some 
centers as part of a unifi ed treatment regimen to assist in muscle 
strengthening or pain relief.

Injection techniques using proliferative medication ( pro-
lotherapy) for ligamentous laxity may be employed if other con-
servative modalities alone fail to restore stability. Prolotherapy 
(sclerotherapy) consists of proliferant solution injected at a liga-
mentous attachment (44). When postural strain biomechanically 
overwhelms structural integrity, ligamentous laxity can result. 
Injection of a proliferant solution (such as 50% glucose) into the 
ligament at its fi bro-osseous insertion can increase stability. Com-
bined with exercise, OMT, and postural realignment to prevent 
return of musculoligamentous strain, this protocol can be an effec-
tive and conservative approach to hypermobility and ligamentous 
laxity (84).

When an insurmountable problem is primarily a structural one, 
so too is its treatment. In unstable situations, or in situations that 
have not responded to conservative care, surgery is a viable option 
to consider. In the case of severe scoliosis or highly symptomatic 
spondylolisthesis, this could consist of fusing vertebrae. Surgical 
implantation of orthopedic rods or other stabilizing apparatuses 
may also be required. Surgical techniques have even been success-
fully used to lengthen anatomically short legs.

In summary, numerous modalities are used to assist the body’s 
postural response to gravity. An individually designed conserva-
tive program includes a carefully selected combination of patient 
education, OMT, exercise, and functional orthotics. All of these 
are aimed at modifying the structure-function relationship and 
enhancing the body’s ability to self-heal. Therefore, postural bal-
ancing requires an understanding of the biomechanical nature and 
functional anatomy of each patient and a full understanding of 
osteopathic philosophy.

3-PLANAR POSTURAL CONSIDERATIONS: 
INTEGRATED POSTURAL TREATMENT OF 
SPECIFIC CLINICAL CONDITIONS

Coronal Plane Decompensation

Unleveling of the sacral base or a deformed vertebra resulting from 
a fracture or congenital deformation often leads to a compensation 
or adaptation that most predominantly affects the coronal plane 
curvatures of the spine. Motion (or lack thereof ) in the coronal 
plane, however, is physiologically linked to that in the horizontal 
plane and lordosis (sagittal plane) has been specifi cally implicated 
as a destabilizing factor in the development and progression of 
scoliosis (85).

Occasionally, an unlevel sacral base is observed in a postural 
x-ray image with a straight spine above it. This requires muscu-
lar effort, resulting in spinal musculoligamentous strain that may 
manifest as back pain or headache. As the person grows older and 
the muscular compensation becomes inadequate, functional scolio-
sis manifests and structural scoliosis eventually develops (22).

Adaptation or decompensation in the coronal plane as mea-
sured in postural radiographic series also correlates with degen-
erative osteoarthritis of the hip (38), lumbar osteophytes (22,86), 
lumbar vertebral wedging (22), scoliotic patterns (especially where 
sacral base unleveling measures >10 mm) (67), and a variety of 
somatovisceral symptoms (34,87). This chapter will discuss the 
so-called short-leg syndrome as an example of a coronal plane 

predominant functional condition and scoliosis as a predominantly 
structural condition.

Functional Considerations: “Short-Leg Syndrome”

References that attest to the existence of leg-length inequality in 
approximately 90% of the population have appeared in the medical 
literature since the latter half of the 1800s (88–90). John Hilton 
specifi cally mentioned lift therapy as a treatment for this problem 
in 1863: Thus I have seen many patients wearing spinal supports, in 
order to correct a lateral curvature when the deformity might have and 
has been subsequently, corrected by placing within the shoe or boot a 
piece of cork thick enough to compensate for the shortness of the less well 
developed limb (91).

Within the osteopathic profession, the term short-leg syndrome is 
a recognized misnomer. This text, however, will continue to refer to 
short-leg syndrome because of historical precedence. Regardless of 
the name, the cause of the condition may not be related to the actual 
length of the legs at all. It is called a syndrome because it is associated 
with a variety of related biomechanical fi ndings and symptoms.

In the osteopathic postural model, an unlevel sacral base is the 
clinically relevant element in this syndrome even when the actual 
cause might extend all the way down to the arch of the foot or up 
to the cranium. Because a structural or a functional short lower 
extremity usually results in an unlevel sacral base, the spine that sits 
on that base compensates by changing its spinal curvatures. Sub-
sequently, the person must often stand or walk differently. If the 
sacral base is unlevel for any reason, the innominates often rotate 
to compensate. This creates the appearance of a functionally short 
lower extremity. In either case, the most common spinal response 
is the development of a rotoscoliosis in which side bending of the 
most caudal curve is away from the side of the low sacral base, 
and usually on the side of the short leg. An atypical pattern in 
which the low sacral base is opposite the side of the low femoral 
head rarely does occur (67), however, and is clinically challenging 
to manage (Fig. 36.28).

Clinical Presentation
Compensatory measures are sometimes so good that any single 
landmark measurement may fail to provide a true and accurate 

Figure 36-28 Frequency distribution of lumbosacral relationships 
to unlevel femoral head heights. N = 738. (From Kirksville College of 
Osteopathic Medicine, Kirksville, MO, with permission.)
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diagnosis. Neither the alignment of spinous processes nor the level 
of the iliac crests (92) is a good single indicator of sacral base unlevel-
ing or short-leg syndrome. ASIS or hip-to-ankle measurements 
using a tape measure are also inaccurate (57,93–95). Comparison 
of the levels of the medial malleoli in the supine position is simi-
larly inaccurate and potentially misleading (96,97). The greater 
trochanters in the standing position are somewhat more helpful 
clinically but can be in error when unilateral coxa varus or coxa 
valgus is present (98). Prevalence data and radiographic measure-
ments defi nitely correlate much better than any of these clinical 
estimates of postural asymmetry. In one study of standing patients 
with known radiographic leg-length inequality, the wrong extrem-
ity was identifi ed as being short in 13% of the clinical observa-
tions; more than half of the 196 clinical estimates of leg length 
were incorrect by more than 3/16 of an inch (97).

Recurrent patterns of somatic dysfunction of the pelvis, spine, 
cranium, or myofascial structures may also be a clue that the sacral 
base is unlevel or that a short leg is present. Soft tissue involvement 
with respect to the compensation occurring in the short-leg syn-
drome is particularly common throughout the entire body (tenseg-
rity) and is a cause of many patient complaints. Tissues on the 
concavity shorten and demonstrate increased electromyographic 
activity (99,48). Tissues on the convex side lengthen. Patients with 
coronal plane postural imbalance develop tight abductors on one 
side of the pelvic sideshift and tight thigh adductors on the con-
tralateral side. Associated horizontal plane imbalance often results 
in tight hamstrings on one side and tight rectus femoris muscle on 
the other thigh.

Coronal plane postural disorders are expected with certain 
combinations of static and dynamic fi ndings such as constellations 
of asymmetry, recurrent somatic dysfunction, and tissue texture 
change. When this diagnosis is the result of leg length inequality, 
the standing trochanteric plane, the plane of the PSIS, and the iliac 
crests are usually depressed on the side of the depressed sacral base. 
Usually the more horizontal cephalad planes (shoulders, occipi-
tal) are also depressed to compensate for the unlevelness of the 
sacral base (39). The number of curvatures between the pelvis and 
the upper body will determine on which side the more horizontal 
cephalad planes are depressed in relation to the sacral base.

The iliolumbar ligament on the side of the convexity of the 
lumbopelvic curve is often the fi rst structure to react to added stress 
in the lumbosacral area and the point of maximal tenderness to 
palpation is typically located over the attachments of the iliolum-
bar ligament at the iliac or L4 or L5 transverse processes. When 
stressed, it often refers pain around the ipsilateral side to the groin, 
and sometimes into the testicle or the labia and the upper medial 
thigh (Fig. 36.9) (100). The pain may be mistaken for arthritis of 
the hip, greater trochanteric bursitis, or even an inguinal hernia.

The sacroiliac ligaments on the side of the convexity may also 
become stressed and tender to palpation and may refer pain down 
the lateral side of the leg. Unilateral sciatica and hip pain, as well as 
pain over the greater trochanter, however, are more often expressed 
on the long leg side. Numerous postural muscles are strained and 
signifi cant physiological changes related to segmental facilitation 
have been documented. Subsequently, there may be visceral dys-
function related to an increased sympathetic hyperactivity originat-
ing in spinal crossover areas located between T1 and L2.

Before defi nitive diagnosis of a patient’s posture, OMT should 
be directed to all somatic dysfunction with particular care to cor-
rect dysfunctions of the sacrum, innominate, and quadratus lumbo-
rum. After OMT, the demonstration of a positive standing fl exion 
test coexisting with a negative seated fl exion test should raise the 
suspicion that lower extremity infl uences, such as a short lower 

extremity, are affecting the function of the sacroiliac joint and the 
patient’s posture (101).

In problematic cases, it may be helpful to obtain a standard 
standing postural x-ray series. After fi rst removing the patient’s 
somatic dysfunction, this x-ray series primarily portrays structural 
data associated with the best homeostatic compensation possible 
by the patient at the time. These standardized standing postural 
x-ray images can then be used to measure coronal plane values 
accurately, including the heights of the iliac crest, femoral heads, 
and sacral base as extrapolated over the femoral heads. The radio-
graphic series will also provide quantitative measures of the degree, 
location, and type of scoliotic compensatory curvatures as well as 
any congenital or acquired bony anomalies.

When reading the x-ray image (Fig. 36.29) obtained by stan-
dard methods, remember that there is still potentially a 2-mm 
human error in measurement. This can occur even with fl aw-
less technique by the radiologic technician and perfect patient 
cooperation. The further from the exposed radiographic fi lm, 
the greater the x-ray diversion meaning there can be up to a 
25% bony magnifi cation (distortion) for structures furthest away 
from the fi lm (39,102). Nonetheless, repeat studies on leg length 
inequality of 108 subjects found 85% with less than a 1.5-mm dif-
ference in measurement and 10% with less than a 3-mm differ-
ence; in only three subjects did the repeat study differ as much as 
5 mm (38).

Compensatory changes such as innominate rotations, pelvic 
rotation, and changes in the LSA might alter the x-ray appearance, 
which can misrepresent the extent of the patient’s actual problem. For 
these reasons, a leg length difference of <5 mm might not be treated 
unless the patient has other clinically relevant complaints and risk 
factors. Conversely, the desire to attain “peak physical performance” 
or to prevent long-term sequelae such as osteoarthritis of the hip 
(107) might be an indication to treat a patient in this case. Patterns 
of imbalance recorded along the spine may be caused by as little as a 
1/16 of an inch (1.5 mm) difference in leg length. Clinical symptoms 
can occur in these cases, including low back pain (103,104).

Treatment Considerations
Typically, treatment of the so-called short-leg syndrome involves 
lifting the heel of the leg on the side of the depressed sacral base. 
This is especially true if there is a compensatory curvature that 
side bends to the side opposite the short leg. In the rare situation 
where the curve has its concavity toward the side of the short leg, 
it may be necessary to begin by lifting the side of the long leg. This 
fi rst effects a change in the lumbar scoliosis and also relieves some 
of the pelvic and lumbar strain (105). The lift on the long leg side 
is later reduced to begin lifting the depressed side of the unlevel 
sacral base.

Heel lift treatment using the osteopathic postural model is 
always combined with OMT and is usually not attempted until 
after an appropriate OMT trial. The rationale for both was clearly 
implied by Harrison Fryette: In the average case I do not attempt 
a correction until I have mobilized the lumbar joints and established 
rotation in them; furthermore, if this region cannot be rotated toward 
the midline, the lift will not do what it is intended of it, for the cor-
rection will not take place in the lumbar region—the spine higher up 
will compensate by increasing its curve and only more trouble will 
result (106).

OMT may alleviate a functional condition that manifests as 
an apparent short-leg syndrome. In the situation in which lift 
therapy is indicated, OMT prepares the somatic tissues to accept 
the realignment needed to respond to the newly established sacral 
base level.

Chila_Chap36.indd   464Chila_Chap36.indd   464 8/6/2010   7:49:11 AM8/6/2010   7:49:11 AM



 36 • POSTURAL CONSIDERATIONS IN OSTEOPATHIC DIAGNOSIS AND TREATMENT 465

Whenever lift therapy is initiated, consider the implications 
of postural realignment and reeducation that must take place 
throughout the entire body. For many reasons, the initial amount 
of lift selected is rarely the full amount needed. In most cases, com-
pensation, adaptation, and decompensation have occurred over a 
period of time, leading to shortening and fi brosis of soft tissues, 
bony remodeling, and regional somatic dysfunction. The easiest but 
least sensitive guideline used by clinicians is to select an initial lift 
that is one third to one half of the measured sacral base difference.

Attempts to formulate specifi c guidelines to better quantify 
the amount of lift are best appreciated by studying the writings of 
David Heilig, D.O., F.A.A.O. (107). Heilig found that one third 
to one half of the measured sacral base unleveling was too much 
initial lift in selected clinical situations. He developed a formula 
(Table 36.6) that considered the amount of lift to be directly pro-
portional to the measured sacral base unleveling and inversely pro-
portional to host factors such as the age, duration of the condition, 
and amount of compensation or adaptation acquired by the body. 
Heilig offered examples of patients who all had a 1/2-in sacral base 
unleveling but who, based on the formula, would receive different 
initial lifts.

One of the safest protocols taught at many of the colleges of 
osteopathic medicine is less complicated than the Heilig formula 

yet sensitive to individual host factors. It employs a conservative 
“rule of thumb” that can later be modifi ed by clinical experience 
and judgment. This protocol is designed to avoid any unexpected 
fl are-ups of pain or somatic dysfunction that can occur if lift ther-
apy is introduced too rapidly or if it exceeds the capability of the 
body to realign in response to the changes occurring in the sacral 
base level.

The following are only guidelines for the application of conser-
vative lift treatment and must be adapted to each patient according 
to their individual evaluation and response (108):

■ If lift therapy is required and if the patient is considered to be a 
“fragile” patient (arthritic, osteoporotic, elderly, having signifi -
cant acute pain, etc.), begin with a 1/16-in lift and lift no faster 
than 1/16 of an inch every 2 weeks.

■ If the spine is fl exible and no more than mild-to-moderate strain 
is noted in the myofascial system, begin with a 1/8-in lift and 
lift at a rate no faster than 1/16 of an inch per week, or 1/8 of an 
inch every 2 weeks.

■ If there was a recent and sudden loss of leg length on one side, 
as might occur following fracture or a recent hip prosthesis, and 
the patient had a level sacral base before the fracture or surgery, 
lift the full amount that was lost.

A B

Figure 36-29 X-ray image marked for coronal (A) and horizontal (B) plane measurements. Ideal values would be 
no side-to-side unleveling of any of these landmarks and no pelvic rotation.
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Regardless of the method used to select the amount of the 
initial lift, certain other guidelines should be followed for optimum 
clinical results:

■ Because of magnifi cation, measurement error, and compensa-
tory changes, the fi nal lift height in a chronic short-leg syn-
drome may only be one half to three fourths of the shortness in 
that leg measured by the standard standing x-ray method.

■ When a proper lift has eventually been reached and there are 
no pelvic or lower extremity somatic dysfunctions, the former 
positive standing fl exion test should become negative. If a repeat 
x-ray image is desired, it should be taken using the same radio-
graphic protocol and parameters that were used in the initial 
x-ray series, but with the shoes on and the lift in place.

Guidelines used in lift treatment are not absolute rules. One aspect 
of the art of medicine is an appreciation of the concerns that 
patients have about cost, cosmetic appearance, and convenience. 
Ideally, the shoe is rebuilt with every increment of lift to prevent 
alteration of foot mechanics and introduction of unwanted pelvic 
rotation. Few patients, however, would agree with this approach. 
The following guidelines, which emphasize clinical tolerances, can 
be pragmatically used in lift treatment. If problems arise, reducing 
the tolerances or insisting on continuing to the ideal lift may be 
necessary:

■ The true height of a lift is measured from the bottom of the 
lift to a point where the calcaneal bone strikes the lift; it is not 
measured at the posterior edge of the lift.

■ Up to and including 1/4-in of replaceable lift can be used inside 
of the shoe before the shoe no longer fi ts well.

■ Up to and including a total of a 1/2-in lift can be placed between 
the heel of the patient’s foot and the fl oor before foot mechanics 
are signifi cantly disturbed.

■ As a heel is progressively lifted, there is an increased tendency 
toward pelvic rotation, muscle imbalance, and alteration of foot 
mechanics.

Application of these principles to change the relative leg length by 
1/2 in may result in:

■ 1/4-in lift being placed inside the shoe and 1/4 in added to the 
heel of that shoe

■ 1/2 in added to the heel of one shoe
■ 1/4 in added to one sole and 1/4 in removed from the opposite 

sole (108,109).

Many other combinations exist within these general guidelines, per-
mitting the osteopathic practitioner the latitude to balance nonphys-
ical factors (such as vanity and cost) with those related to posture.

Any increase in height beyond the 1/2-inch heel lift must 
be added to the heel and also to the anterior half-sole of the shoe 
(Fig. 36.30). This principle preserves the relationship of the heel to 
the forefoot by maintaining a certain normal angle.

Studies (34,104) indicate that an 80% reduction in subjective 
pain and other posture-related symptoms (including the degree 
of functional scoliosis) could be expected as a result of properly 
balancing the sacral base with lift therapy to within 1 mm of 
levelness.

Balancing the weight of both shoes might by desirable, espe-
cially if large lifts are required. If a big lift is needed, placing cork 
material between the shoe and the heel might be necessary to 
reduce the weight being added to one side. In some cases, small 
lead weights might be added to the other shoe to help maintain 
balance.

OMT helps the patient’s spine to adapt to the functional 
changes required by the new postures as seen in progressive lift 
therapy for a short leg.

Compressive force makes bone grow faster. A lift under a 
growing child’s foot may be expected to stimulate faster growth in 
the epiphyseal plates of that lower extremity. The physician must 
therefore closely monitor leg lengths when using lift therapy for a 
child. The height of the lift must be adjusted according to clini-
cal responses and the results observed on follow-up x-ray studies. 

T A B L E  3 6 . 6

The Heilig Formula and Patients with Same Sacral Base Leveling but Receiving Different Lifts

The Heilig formula suggests that the initial lift can be calculated as follows:
L < [SBU]/[D + C]
L, lift required; SBU, sacral base unleveling; D, duration; C, compensation.
Duration allotted as: (D = 1), 0–10 y; (D = 2), 10–30 y; (D = 3), 30+ y. Compensation allotted as: (C = 0), none 
observed; (C = 1), rotation of lumbar vertebrae into convexity of compensatory side bending; (C = 2), wedging of the 
vertebrae, altered size of facets, horizontal osseous developments from endplates, and/or spurring.
Patients With Same Sacral Base Leveling But Receiving Different Lifts
Case 1: Following fracture, minimal duration, no compensatory changes
L = [SBU]/[D + C] = 1/2˝/[0 + 1] = 1/2˝
Case 2: Patient age 35, injured in early youth, minimal compensation
L = [SBU]/[D + C] = 1/2˝/[2 + 1] = 1/2˝/3 = 1/6˝
Case 3: Patient age 75, injured in youth, spurring, horizontal endplate development, rotation is marked
L = [SBU]/[D + C] = 1/2˝/[3 + 2] = 1/2˝/5 = 1/10˝
Case 4: Patient age 26, polio affecting right leg in youth, minimal compensatory change
L = [SBU]/[D + C] = 1/2˝/[2 + 0] = 1/2˝/2 =1/4˝
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In growing athletes, alternating lower extremity growth parameters 
have been reported (107), and have prompted the clinical recom-
mendation to check the pelvic and extremity levels at regular inter-
vals. Fryette even remarked: “In the last 15 years I have added lifts to 
the short side in many cases under the age of fourteen and in every case 
that I have kept under my observation for some time I have been aston-
ished to fi nd that the legs grew to the same length” (110).

Structural/Pathological Considerations: Scoliosis

Scoliosis and rotoscoliosis are postural diagnoses with origins dating 
back to ancient Greece. Today, ten in every 200 children (10:200) 
develop scoliosis by the age of 10 to 15 years; 1 in every 200 (1:200) 
has clinical symptoms related to the curvatures. Boys and girls are 
equally affected, but the curvatures in girls are three to fi ve times 
more likely to progress and produce subjective symptoms.

Curvatures are more likely to progress during times of rapid 
bone growth. Therefore, most cases (75% to 90%) of scoliosis in 
children are discovered—in part because of widespread screening 
programs—between the ages of 10 and 15 years.

Clinical Presentation
Scoliosis primarily affects the coronal plane. It is offi cially named 
according to the direction of the convexity of its curve. A curve that 
is side bent to the left is called a right scoliosis because the convexity 
of the curve is toward the right.

Symptoms and Screening
Children and adolescents with scoliosis are often asymptomatic 
and their scoliosis can go undiscovered. They, or a parent, may 

have only noticed that clothing does not fi t properly. Therefore, 
school children and teens should be routinely screened for scoliosis 
between the ages of 10 to 15 years when they are experiencing 
rapid bone growth.

As the person gets older, several symptoms may bring the sco-
liotic patient to the physician. These include:

■ Arthritic symptoms
■ Backaches
■ Chest pains
■ Neck aches
■ Headaches
■ Symptoms of organ dysfunction

Physicians only casually looking for scoliosis may miss a curve of 
up to 35 degrees; careful screening with a physical examination 
alone however should pick up the majority of scoliosis more than 
10 degrees.

As previously described, in the standing position, the space 
around the patient’s body is analyzed, especially in the arm and 
waist area. Observe whether one hand hangs lower than the other 
or whether one hangs by the side while the other hand lies on or 
over the thigh. Look at the levelness of the occipital, shoulder, iliac 
crest, PSIS, and trochanteric planes (see Fig. 36.12). Run your fi n-
gers along the spinous processes from top to bottom. Have the 
patient forward bend and observe for an asymmetric “hump” along 
the horizon of vision. Its presence would indicate rotoscoliotic 
deformity with rotation to that side and side bending of the spine 
to the side opposite the hump.

If spinal curvature is found, have the patient bend over to that 
area of the spine and determine if the asymmetry goes away with 
side bending toward the side of the rib hump (see Fig. 36.13). 
Check the patient for conditions that could give the appearance of 
a short leg, such as sacral shear somatic dysfunction on that side. If 
you fi nd somatic dysfunction, it can be corrected with manipula-
tion. Recheck following OMT for lower extremity induced pos-
tural problems.

If the scoliotic curve remains, provide OMT until there is an 
adequate mobilization of the spine and then obtain a standardized 
standing postural x-ray image. The x-ray image provides the quan-
titative data to determine:

■ Bony pathology
■ Type and severity of spinal curvatures
■ Amount of sacral base unleveling
■ Femoral head and iliac crest levelness

Scoliosis may be classifi ed by its reversibility, severity, cause, or 
location.

Classifi cation: Reversibility
Scoliosis can be functional or structural. A simple physical examina-
tion technique used to assess the proportion of functional to struc-
tural scoliosis can be accomplished by standing behind a patient 
(Fig. 36.13B). The patient bends forward until maximal rib hump 
appears on horizon. With that much of the body forward bending, 
the patient swings the upper body, fi rst left and then right, while the 
clinician observes the functional ability of the rib hump to lessen in 
degree. The amount of rib hump remaining during this maneuver 
indicates the associated structural scoliotic component. Functional 
scoliotic curves go away with side bending, rotation, or forward 
bending. If functional curves remain in the body too long, they may 
become structural (111). Structural scoliotic curves are fi xed curves 
that do not reduce with side bending, rotation, or lift therapy.

Figure 36-30 Principles of lift therapy. Heel lift measurements 
made at midcalcaneal line. A. Foot in a typical shoe. B. Heel lift in 
place. Maximum lift in shoe is 1/4 in. C. If more lift is needed, add to 
outside heel. D. If more than 1/2 in is required, or to create minimal 
disturbance of foot mechanics, the entire sole can be lifted. (Cour-
tesy of William Kuchera, D.O, F.A.A.O.)
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Classifi cation: Severity
Scoliotic curvatures are commonly and accurately measured from 
postural radiographs using the Cobb method (64) (see Fig. 36.18). 
The same vertebrae used to defi ne the top and the bottom of the 
curve are used for future Cobb measurements to see if the curve 
is progressing. Scoliosis often increases rapidly during the growth 
spurt of adolescence. Take an x-ray image of the hands, iliac crests, 
or other epiphyses and obtain a bone age for those patients who 
have signifi cant scoliotic progression. For females, the scoliosis is 
more likely to undergo a rapid progression. Signifi cant progression 
of the curve is considered to be occurring if, on a second standard-
ized postural x-ray taken within 5 months of the fi rst one, there is 
a 5-degree or greater increase in the curvature.

The Cobb method is used to classify scoliosis as mild, modest, 
or severe (Fig. 36.31). The normal case shows no scoliosis. A curve 
of 5 to 15 degrees is assigned a mild severity classifi cation. Moderate 
scoliosis curves measure 20 to 45 degrees. Severe scoliosis has a 
curve of more than 50 degrees and can be expected to affect both 
structure and systemic function. A thoracic curve of more than 
50 degrees signifi cantly compromises respiratory function; more 
than 75 degrees seriously compromises cardiovascular function. The 
effect on these two systems is inversely proportional to the degree 
of scoliosis and even mild curves impact exercise capacity (80).

Classifi cation: Etiology
The following causes are listed according to decreasing frequency.

Idiopathic
This diagnosis accounts for 70% to 90% of scoliotic curves. By def-
inition, the term idiopathic implies that there is no known reason 
for this type of scoliosis to occur. Osteopathic physicians believe 
that some of these may be explained as being compensatory curves 
that manifest as a response to an unlevel sacral (105) or cranial base 
(106). In cases where a biomechanical basis exists for the develop-
ment of scoliosis, a diagnosis of an idiopathic scoliosis is erroneous. 
Other clinicians have implicated sagittal plane biomechanics in the 

genesis and progression of different types of idiopathic scoliotic 
patterns (107). Better understanding of scoliosis might further 
reduce the number of cases classifi ed as idiopathic.

Congenital
Congenital cases, of which 75% are progressive, are the second 
most common associated cause of scoliosis.

Acquired
Acquired scoliosis may result from the following conditions:

■ Osteomalacia
■ Response to infl ammation or irradiation
■ Sciatic irritability
■ Psoas syndrome
■ Healed leg fracture
■ Following a hip prosthesis

Obviously, if a short-leg syndrome is documented as the reason 
for the patient’s scoliosis, this should be reclassifi ed as an acquired 
scoliosis.

Classifi cation: Location
Various locations of scoliosis are reported below according to 
decreasing frequency (Fig. 36.32). Regions involved in scoliosis 
may be balanced or unbalanced. Unbalanced curves are more likely 
to decompensate, while balanced curves are subject to degeneration 
at crossovers.

Double major scoliosis
These are balanced curves but they are subject to degeneration at 
the crossover regions of the spine (see Glossary at the end of the 
textbook). This is the most common scoliosis, with a thoracic and 
lumbar combination being the most frequent.

Single thoracic scoliosis
Cosmetically, this curve is rather noticeable. It is usually side 
bent right and rotated left, producing a left paraspinal rib hump. 

A,B C

Figure 36-31 Curve patterns in idiopathic scoliosis. A. Mild (14 and 15 degrees). B. Moderate (38 degrees). 
C. Severe (59 and 85 degrees). Assessment of scoliotic severity defi ned by Cobb angle measurements for each por-
tion of coronal plane curve. Classifi cation system quoted allows a 5-degree gray zone between severity classes.
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If this type of curve should progress, it could compromise the 
function of the heart or lungs. It is the second most common 
scoliosis.

Single lumbar scoliosis
This curve is associated with arthritic change. It is the third most 
common scoliosis.

Junctional thoracolumbar scoliosis
This single curve scoliosis often results in structural (arthritic) 
change because it tends to be a longer curve that functionally over-
stresses the spine. It is not a common scoliosis.

Junctional cervicothoracic scoliosis 
This scoliosis is very uncommon.

Figure 36-32 Curve patterns in idiopathic types of scoliosis classifi ed by location.

Chila_Chap36.indd   469Chila_Chap36.indd   469 8/6/2010   7:49:13 AM8/6/2010   7:49:13 AM



470 III • APPROACH TO THE SOMATIC COMPONENT

General Treatment Principles Including Bracing
Appropriate treatment protocols are based on classifi cation of the 
scoliosis and take into consideration factors affecting an individu-
al’s compliance.

While a systematic review of the limited number of clinical tri-
als concludes that the “effectiveness of bracing and exercises is not 
yet established, but might be promising” (112), osteopathic treat-
ment considerations for scoliosis according to its severity follows 
these general guidelines (108).

For mild scoliosis, use:

■ OMT
■ Konstantin exercises
■ Functional orthotics
■ Patient and family education

For moderate scoliosis, use:

■ OMT
■ Konstantin exercises
■ Patient and family education
■ Bracing
■ (Electrical stimulation—debatable effi cacy)

For severe scoliosis, consider surgery and adjunctive measures, 
including those listed for moderate scoliosis. Adjunctively adding 
patient-specifi c exercises to a bracing regimen, for example, may 
help reduce the degree that the spine returns to prebrace levels after 
discontinuing the bracing procedure (113).

Anyone with scoliosis of more than 15 to 20 degrees, a progres-
sive curvature, or an intractable low back pain that is irresponsive of 
conservative treatment measures, should be referred to a physician 
who specializes in the treatment of this condition.

The goals of treatment are to obtain fl exibility and improved 
balance of the spine. Decide what can be improved and then cor-
rect the primary cause or at least prevent the scoliosis from pro-
gressing. Postpone fusions as long as possible without endangering 
function or the patient’s life. Osteopathic manipulation is a defi nite 
part of the management of a patient with scoliosis. The person 
with scoliosis must be able to compensate for the new posture that 
is introduced by the treatment methods used to prevent progres-
sion or reduce the severity of the curvatures.

Osteopathic Manipulative Treatment
When structural scoliosis is present, the goal of direct manipu-
lation is to optimize the function of the existing structure. It is 
not primarily intended to straighten the curvatures. OMT should 
remove joint somatic dysfunction but should also include soft tis-
sue, fascial releases, and indirect treatments designed to improve 
the body’s general range of motion. Stretch the lumbosacral tissues 
and institute exercises to reduce the LSA and strengthen the psoas 
and abdominal muscles. After structural strains are allowed to heal, 
introduce a formal set of scoliosis exercises (such as Konstantin 
[64]) and self-treatment strategies for the soft tissues.

Orthopedic appliances, orthotics, or braces may also be used 
in conjunction with OMT. These adjunctive modalities were con-
ceived to support, align, or prevent deformity and may stabilize 
function of a hypermobile part of the body. Braces are more effec-
tive if the scoliosis is moderate, if the spine is mobile, and if the 
spine still has not fully matured.

Braces
The Milwaukee brace (Fig. 36.33A) was introduced in 1945 and 
has been the standard for scoliosis bracing for many years. It is 
individually fi tted and easy to prescribe, but it is also hard to wear 

and is costly. It is worn 23 hours a day with only 1 hour allowed out 
of the brace for applying skin care. This brace is used in a grow-
ing patient with 20- to 40-degree curves. It works to control the 
scoliotic (lateral) curves until the spine matures, which is generally 
around age 21.

It is necessary to exercise the muscles that are supported by 
static braces or appliances. Studies suggest that, even for patients 
with a good reduction in the Cobb measurements, after a few years 
their curves return to approximately the extent present at the time 
that the brace was introduced.

An alternative brace for some patients with scoliosis is the 
Boston brace (Fig. 36.33B). This brace is made of plastic and is 
designed to work on deformities such as lordosis and rotation as 
well as scoliosis. The Boston brace can be used only if the apex of 
the curve is below T10. In these particular patients, it is helpful in 
addressing postural curves in all three cardinal planes.

Electrical Stimulation
Electrical stimulation was introduced as a treatment option in 
the 1970s. It was originally applied to the convexity of the curve 
and may be considered when the curve is in the thoracic region, 
measures 10 to 40 degrees, and the spine is fl exible. This concept 
enjoyed some degree of popularity but is not often used today; its 
effi cacy being up for debate. If electrical stimulation is applied to a 
patient’s lumbar curve, it increases the lumbar lordosis.

Surgery
Surgical fusion is performed only in one out of every 1,000 sco-
liosis cases. It is usually considered for scoliosis patients with pro-
gressive 45 to 50 degree curves in order to prevent the heart and 
lung complications that accompany curvatures >50 degrees. The 
placement of stainless steel Harrington rods (Fig. 36.34) and spi-
nal fusion is an extensive surgery. The mechanical power of the 
body is dramatically demonstrated by the propensity of the rods to 
become stressed and break, requiring another extensive surgery to 
replace them.

Horizontal Plane Decompensation

Clinical Presentation
Patients with horizontal plane problems often present with muscle 
imbalance. For example, frequently the rectus femoris muscle is tight 
on one side and the hamstrings are tight on the other. In this situation, 
they may complain more of knee than back pain. Such muscle 
imbalance, however, leads to a similarly wide range of symptoms as 
with postural disturbance in any other postural plane.

As these patients stand in front of you with their feet aligned, 
one or more of the following may seem to be more anterior than 
the other:

■ ASIS
■ Lower rib cage
■ Hand
■ Shoulder at the acromioclavicular joint
■ Mastoid process

In compensated patients, the anterior component will alternate in 
sequential transition zones. Those with decompensation are more 
likely to be symptomatic because as they walk they are less capable 
of positioning one region of the body in line with the region above 
or below.

Posture in the horizontal plane is linked directly to that in the 
coronal plane. Interestingly, in use of orthotic devices to modify the 
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other cardinal planes, the horizontal plane seems to be the second 
most affected. For example:
■ Heel lift effects: coronal ® horizontal ® sagittal
■ Levitor effects: sagittal ® horizontal ® coronal

Treatment Considerations—Functional Conditions

The functional orthotic best suited to modify posture in the hori-
zontal plane is the anterior sole lift. The clinical use of anterior 

sole lifts (in distinction from heel lifts) or the combination of an 
anterior lift in one shoe and/or a heel lift in the opposite shoe to 
affect posture in the horizontal plane has largely been explored by 
osteopathic physicians, Ross Pope and James Carlson (114). An 
increase in the sole height of a shoe encourages rotation of the 
pelvis toward that same side. A unilateral heel lift rotates the pelvis 
to a lesser degree and rotates it away from the lifted side (108). 
Because this method is relatively new, few clinical trials have been 
performed. The predominance of clinical experience, however, 

Figure 36-33 A. Milwaukee brace. 
B. Boston brace.
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Figure 36-34 Surgical fusion with Harrington rod implantation. This extensive surgery is reserved for patients with 
curves >45 degrees. A major clinical goal is to stop structural progression of a curve before it seriously compromises 
cardiopulmonary function.
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suggests the following guidelines, which are adapted to each 
individual patient’s evaluation and response.

Anterior lift therapy rotates the pelvis toward the same side; 
heel lifts may rotate the pelvis away from the lift side. Treatment 
of both planes simultaneously is often warranted, as side bending 
and rotation are biomechanically linked motions. A heel lift pushes 
that side of the pelvis anteriorly in the horizontal plane because the 
lift is behind the axis of motion (i.e., rotates the pelvis away from 
the side of the heel lift). Anterior sole lifts create their effect ante-
rior to the axis causing that side of the pelvis to rotate posteriorly 
in the horizontal plane (i.e., rotate the pelvis toward the side of the 
sole lift) (see Fig. 36.30).

In the treatment of pelvic rotation assuming coexistent sacral 
base unleveling, follow these principles:

For pelvic rotation <5 mm: Usually it is not necessary to treat 
a pelvic rotation <5 mm. However, if the sacral base unleveling is 
treated with heel lifts, this should be done according to the prin-
ciples outlined for coronal plane postural balancing. Recheck to 
determine if any unwanted pelvic rotation occurs secondary to the 
heel lift therapy.

For pelvic rotation of 5 to 10 mm: For pelvic rotation of 5 to 
10 mm, both sacral base (coronal plane) and rotational (horizontal 
plane) components are treated simultaneously. Begin with appro-
priate 1/8-inch anterior and heel lifts, progressively increasing in 
1/8-in increments every 2 weeks.

For pelvic rotation > 10 mm: Pelvic rotations more than 10 mm 
should fi rst be treated with an anterior (sole) lift of 1/4 in, and the 
postural study then rechecked before attempting heel lifts. There-
after, sacral base unleveling and pelvic rotation are treated simulta-
neously with 1/8-in incremental changes in anterior (sole) and heel 
lifts every 2 weeks.

Treatment Considerations—Structural/
Pathological Conditions

Rotoscoliosis: See coronal plane structural conditions mentioned 
earlier.

Sagittal Plane Decompensation

Functional Considerations: Kyphotic/Lordotic Curves
In 1934 Ferguson noted, Our spines were developed for the four-footed 
position and are not yet adapted to the erect, so mechanical weakness at 
the lumbosacral area is usual rather than exceptional. We must consider 
the lumbosacral area, not as normal or abnormal, but as mechanically 
sound or mechanically unsound (115).

Clinical Presentation
Posture-related disorders in the sagittal plane include those defi ned 
by the degree of their lordotic and kyphotic curves; those defi ned 
by their distinctive pattern of somatic dysfunctions including mus-
cle imbalance and trigger points; and those with related structural 
or pathological change such as lordosis, kyphosis, or isthmic L5-S1 
spondylolisthesis.

Decompensation in predisposed individuals can occur simply 
by changing the height of the heels in the shoes worn daily or the 
number of hours spent on a certain type of fl ooring. Pregnancy, 
with progressive shifts in regional centers-of-gravity combined 
with circulating hormonal change (including relaxin), may lead to 
self-limited sagittal plane decompensation that reverses postpar-
tum, or a more permanent postural condition can be traced back 
historically to that event.

As with any spectrum ranging from functional to structural 
disorders, there can be a great deal of overlap in diagnostic fi nd-
ings and treatment strategies. Each relies upon the biomechanical 
principles discussed in the earlier sections of this chapter. Often, 
treatment focuses on modifying the underlying functional disor-
ders that aggravated or precipitated the eventual structural changes 
that defi ne the structural, codable diagnosis.

Often, patients with exaggerated sagittal plane postural dec-
ompensation will present with bilaterally tender ILL and a his-
tory of recurrent psoas syndrome. They frequently have Barbor’s 
so-called theatre-cocktail party syndrome (116) and, when asked, 
will tell you that their backs take a signifi cant amount of time to 
relax after they lie down to rest. They may give a history of recur-
rent or chronic low back pain, headaches, and other bilateral signs 
and symptoms of GSP.

Treatment Considerations
Treatment for functional sagittal plane disorders incorporates the 
same general postural principles as in the other cardinal planes. 
There are specifi c recommendations however for the certain aspects 
of patient education, exercise, and manipulative components.

Patients with increased sagittal plane curves need to be told to 
avoid heels that exceed more than 1/2 in on their shoes; they may 
even benefi t from a reverse heel. Sleeping on their stomach should 
be discouraged; sleeping on their sides with a pillow between their 
knees helps to reduce and relax overused quadratus lumborum 
muscles. It is particularly useful to advise this group of patients to 
sit upright with both feet on the fl oor directly below their knees. 
A normal lordotic curve should also be maintained at all times; 
slumping in an easy chair with prolonged bilateral shortening of 
the psoas muscles should be avoided. When standing in one spot 
for a prolonged period of time, a small step placed underneath one 
foot often provides stress relief on the low back.

An ideal exercise for patients with functional or structural 
sagittal plane problems is the pelvic narrow-and-coil exercise. (See 
Fig. 36.26). Alternatively, the patient can be encouraged to tilt 
their pelvis in the upright position against a door jamb.

A variety of OMT strategies are appropriate in addressing 
individuals who have sagittal plane postural decompensation. In 
addition to treatment of the transitional areas that is a part of every 
postural model treatment, specifi c sagittal plane care in the lum-
bosacral region includes techniques such as the “frog” mobilization 
for sacral nutation or lumbar hyperlordosis (Fig. 36.35).

Structural/Pathological Conditions: Kyphosis, 
Lordosis, and Spondylolisthesis

The treatment of pathologic change in the sagittal plane, including 
lordosis, kyphosis, and isthmic and dysplastic spondylolisthesis builds 
upon the treatment used for functional sagittal plane problems.

Dysplastic and Isthmic Spondylolistheses

Spondylolisthesis, which is often mistaken to be solely a congen-
ital abnormality, is frequently and incorrectly treated as a single 
entity; rather, it is a structural outcome of several different pro-
cesses, each with their own biomechanical and pathophysiological 
risks (see Table 36.7). Postural care is most benefi cial in the case of 
the dysplastic and isthmic types and the remainder of this chap-
ter will focus on isthmic L5-S1 spondylolisthesis as a bony struc-
tural change often initiated by stress occurring predominantly in 
the sagittal plane (46). This functional stress progresses through 
the previously described chronic, progression of compensation, 
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adaptation, decompensation leading to pathological spondylolysis, 
and fi nally spondylolisthesis. In the osteopathic postural model, treat-
ment is directed less to these acquired bony structural changes than to 
reducing functional demands placed on musculoligamentous struc-
tures ill-equipped to resist continued postural stresses in the region.

Background
The biomechanical principles of diagnosis and treatment of patients 
with sagittal plane postural problems can be directly applied to the 
management of patients with spondylolisthesis. The generic term 
spondylolisthesis is derived from the Greek roots roughly meaning 
vertebra sliding down a slippery path. It describes the common fi nd-
ing of a group of spinal disorders in which there is a forward dis-
placement of one vertebra over another, usually the fi fth lumbar 
over the body of the fi rst sacral segment.

With the advent of modern radiology, the study of spondylolis-
thesis began, including its true incidence, location, classifi cation, 
and signifi cance. The classifi cation of spondylolisthesis subse-
quently evolved into the currently accepted causal categories delin-
eated by Wiltse et al. (117) shown in Table 36.7.

Regardless of specifi c hereditary and developmental factors, 
spondylolisthesis refers to a group of disorders having a particu-
lar common mechanical consequence. Applying the mechanical 
perspective permits better understanding of the general symptom 
complex. Applying mechanical treatment protocols provides the 
rational basis for osteopathic conservative management of patients 
diagnosed as having spondylolisthesis.

Causes: Hereditary Predisposition
Two observations argue against a person having a direct inheri-
tance of spondylolisthesis. First, although there is an increased 
incidence of spondylolisthesis within family groups (118,119), a 
signifi cant number of these family members exhibit different types 
of spondylolisthesis. Second, infants are rarely reported to have 
spondylolysis (also known as prespondylolisthesis). The incidence 
increases after children assume an active upright position and con-
tinues up until age 20, when it matches the 5% incidence of the 
general population (120).

The genetic link appears to be more likely involved in those 
factors that predispose the region to instability. Posterior defects 
such as spina bifi da occulta and open sacrum are almost invariably 
inherited in dysplastic spondylolisthesis and in a third of patients 
with the isthmic type (120). This lack of posterior support may 
concentrate postural weight-bearing forces in the area, resulting 
in forward subluxation of the entire L5 unit in dysplastic spon-
dylolisthesis. In this fashion and under certain biomechanical stres-
sors, genetics could predispose a patient to stress fracture of the 
pars interarticularis which, in isthmic spondylolisthesis at the most 
commonly involved level, potentiates forward sliding of the ante-
rior elements of L5 on S1 (119).

Conversely, degenerative spondylolisthesis (formally called 
pseudospondylolisthesis) occurs two to three times more frequently in 
African Americans, who are also known to have greater L5-S1 sta-
bility (121). In general, patients with degenerative spondylolisthe-
sis have a low PI for age (68) (see Fig. 36.21) and higher incidences 
of sacralization of L5 or block-shaped L5 vertebrae. They also have 
a much lower incidence of posterior defects (121) than seen in the 
general population. The increased stability at L5 encourages insta-
bility higher in the lumbar spine.

Causes: Developmental Factors
Certain developmental factors have been statistically or logically 
implicated in spondylolisthesis. Foremost among these factors are 
posture and microtrauma (122–127).

Posture is strongly implicated in the development of spon-
dylolisthesis and spondylolysis (prespondylolisthesis). Spondylo-
“lysis” does not develop prior to the assumption of the standing 
posture. In one study, out of 125 institutionalized patients who 
had never assumed a standing position, none demonstrated a 
pars defect (123). No other primate has fully adopted human 
upright posture, nor does any other primate develop a lytic type of 
spondylolisthesis.

Postural decompensation as measured by the Jungmann PI is 
substantially higher in patients with L5-S1 spondylolisthesis (122) 
than in the general population. Increasing PI and increasing lum-
bosacral instability may, in part, address Wiltse’s observation (117) 
that many patients develop lesions in the pars at approximately age 
6 and then have no problems with it until their mid-30s.

Hyperlordosis, in particular, has been the postural fault 
most implicated in isthmic spondylolysis and spondylolisthe-
sis (125,127,128). Increased lordosis transfers weight bearing 
from the vertebral bodies onto the articular facets in joint cap-
sules (82). These structures are ill-adapted to continuously carry 
the body’s weight. An anterior weight-bearing line is also known 
to create similar mechanics and should be looked for and evalu-
ated. Certain activities, such as gymnastics, further increase back-
ward bending demands in the lumbar spine. Subsequently, many 
young gymnasts permanently adopt an exaggerated lordotic pos-
ture. Not surprisingly, many female gymnasts demonstrate spon-
dylolysis; having an incidence four times that of the general female 
population (129).

Other groups are specifi cally subject to increased stress in the 
lumbopelvic area and each has been shown to have an increased 
incidence of spondylolysis. These subpopulations included weight 
lifters, soldiers carrying backpacks, and college football line-
men. Repetitive lumbosacral motion is a common characteristic 
in all types of spondylolisthesis except in those due to trauma. 
Therefore, frequent stress in posturally or congenitally unstable 
areas is implicated, especially during the adolescent growth spurt, 
in the development of fatigue fractures, the proposed basic lesion in 
isthmic spondylolisthesis (119).

Figure 36-35 Treatment of pelvis. (Courtesy of William Kuchera, 
D.O., F.A.A.O.)
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T A B L E  3 6 . 7

Classification of Spondylolisthesis

Diagnosis Type Percent Criteria Comments

Type I
Dysplastic spondylolisthesis

Dysplastic 21 Congenital deficiency 
of neural arch of L5 
or upper sacrum. 
Insufficiency of 
superior sacral 
facets.

Two girls: one boy is the 
ratio; almost exclusively 
L5; lumbosacral facets 
also approach horizontal

Type IIA
Isthmic spondylolisthesis

Type IIB

Isthmic
 Subtype A 
 Subtype B 
 Subtype C

51 Pars interarticularis 
defect 
 A.  Lytic-fatigue frac-

ture of pars 
 B.  Elongated but 

intact pars 
 C.  Acutely 

fractured pars

Almost exclusively L5
 A.  Most common type 

below age 50 y
 B.  Probably due to 

repeated microf-
ractures healing 
elongated fashion as 
slippage occurs

 C.  History of severe 
trauma may heal with 
immobilization

Type III
Degenerative spondylolisthesis

Degenerative 25 Degenerative changes 
at apophyseal joints 
due to longstanding 
intersegmental 
instability

Four female: one male; 
three black: one white; 
six to nine times more 
common at L4; sacralization 
4× general population; 
not seen before age 40; 
rare between 40 and 50; 
slippage 30% maximum

Type IV
Traumatic spondylolisthesis

Traumatic 1 Due to fractures in 
other areas of the 
bony hook than 
the pars

Heals with immobilization

Type V Pathologic 2 Generalized or 
localized bone 
disease

Neoplasm, osteogenesis 
imperfecta, Paget disease, 
arthrogryposis, 
iatrogenic postlumbar 
fusion; Kuskokwim disease

Source: Reprinted with permission from Kuchera WQ, Kuchera ML. Osteopathic Principles in Practice. Columbus, OH: Greyden Press, 1994.

Diagnosis
Of the estimated 5% of the population with spondylolisthesis, 
approximately half are asymptomatic (130). Those who become 
symptomatic commonly do so after the age of 20. Preventive care 
depends on early and accurate diagnosis.

Diagnostic testing should include the following:

■ Radiography
■ PI measurement

■ History
■ Physical examination
■ Spinal palpation
■ Neurologic testing

Radiographic analysis
Radiology has greatly enhanced our ability to diagnose spon-
dylolisthesis even in totally asymptomatic patients; it is a modality 
that provides prognostic data (122,131). It must be realized 
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that there are signifi cant differences between the measurements 
obtained from weight-bearing and non–weight-bearing x-ray fi lms 
(131,132). From a pragmatic point of view, the standardized pos-
tural standing fi lm series offers reproducible, functional, and pos-
tural data that are preferred.

Radiographically, gross spondylolisthesis can be seen and 
quantifi ed on a lateral x-ray view. However, 45-degree oblique fi lms 
may be necessary to see a subtle or unilateral spondylolysis (Fig. 36.36). 
In this view, the pars interarticularis in isthmic Type II-B spondylolis-
thesis has been described as the Greyhound of Hensinger because 
of the “long neck” rather than the “collar” on the “Scotty dog” (133).

Meyerding (134) provided the simplest system of grading 
(Fig. 36.37A). Spondylolisthesis is assigned the classifi cation of 
I, II, III, or IV, respectively, for each one fourth of the vertebral 
body that the upper vertebra is displaced forward on the ver-
tebra below. The more precise displacement measurement of 
Taillard (135) (Fig. 36.37B) can detect minor progression but it is 
rarely needed clinically. The Meyerding system is more commonly 
used, more quickly applied, and is clinically relevant.

The fastest progression of isthmic spondylolisthesis is seen 
between ages 9 and 15. Rarely is there progression in the Meyerd-
ing grading over the age of 20, especially in patients having a scle-
rotic buttress on the anterior lip of the sacrum (123,136).

Other signs of instability or its effects in the area can be seen 
with radiographic analysis (27,40,128,137,138) including:

■ Angle of slip
■ Osteophytes
■ Calcifi ed ligaments (especially iliolumbar)
■ Increased PI
■ Anterior weight-bearing mechanics
■ Increased lordosis or LSA
■ Disc narrowing

Whenever possible, radiographic typing of the spondylolisthesis 
should be performed because it might affect treatment or prognosis.

Clinical Presentation
The age of the symptomatic patient determines the clinical presen-
tation. While spondylolisthesis is perhaps the most common cause 

of persistent low back pain and sciatica in children and adoles-
cents (139), most children with spondylolisthesis in this age group 
do not have pain. These individuals are often identifi ed when a 
school offi cial or parent notes a change in gait or posture. If any 
pain is expressed, it is usually described as a dull ache in the but-
tock or posterior thigh; symptoms are rarely expressed below the 
knee (133).

Tight hamstrings (131,140) are found in 80% of young people 
with symptomatic spondylolysis or spondylolisthesis and to a lesser 
extent in asymptomatic patients. This fi nding probably results from 
postural stress and an attempt to stabilize the unstable lumbosacral 
junction (and is not from root impingement). Inability to bend 
over and touch one’s toes reveals this defi cit. It can also be used 
to uncover the nonfi xed scoliosis (123,141) that exists in approxi-
mately 30% of these patients secondary to lumbar irritation and 
paraspinal spasm. Furthermore, as a result of having tight ham-
strings, those patients having spondylolisthesis rated greater than 
grade II have a pathognomonic stiff-legged, short stride, waddling 
gait (142,143), in which the pelvis rotates with each step.

Distortion of the pelvis and trunk appears in patients having a 
Meyerding grade II or III. They have fl ared ilia in the back and an 
abdomen that is thrust forward. These young people have a short 
waist, a transverse abdominal crease at the level of the umbilicus, 
and fl attened heart-shaped buttocks. Only 2% of young people 
demonstrate any objective neurologic change (82) requiring exten-
sive electromyographic or myelographic workup.

One of the most consistent physical fi ndings associated with 
patients younger than 30 years of age and with dysplastic or isth-
mic spondylolisthesis is tight hamstrings that restrict forward 
fl exion of the trunk. In contrast, the most constant physical fi nd-
ing in patients older than 50 years of age with degenerative spon-
dylolisthesis is the ease with which they are able to touch their 
toes without bending their knees or obliterating their lumbar 
lordosis.

The fl exibility of a patient with degenerative spondylolisthe-
sis is thought to result from laxity of the pelvicotrochanteric and 
hamstring muscle groups. The unstable spondylolisthetic joint at 
the L4-5 level predisposes the patient to manifest L5 root neuro-
logic symptoms. The patient is more likely to have somatovisceral 

A B C D

Figure 36-36 A. Normal 45-degree oblique radiographic view best visualizes pars interarticularis. B. Spondyloly-
sis. C. Spondylolisthesis. D. Lysis pars interarticularis appearance as a collar. (From Roy S, Irvin R. Sports Medi-
cine: Prevention, Evaluation, Management, and Rehabilitation. Englewood Cliffs, NJ: Prentice Hall, 1983:280, with 
permission.)
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Figure 36-37 A. Classifi cation of spondylolisthesis using the Meyerding system. B. Taillard method of classifying 
spondylolisthesis.

complaints of a hypersympathetic nature including constipation or 
irregular menses (72). Symptoms of pelvic congestion and vague 
lower extremity complaints are also common in adults with spon-
dylolisthesis. These result from the hyperlordosis, visceroptosis, 
and poor thoracic abdominal diaphragmatic function that accom-
pany spondylolisthesis (25,72,144,145).

Adult patients are more likely to complain of pain. Their pain is 
usually aggravated by moderate activity or prolonged standing and 
relieved by rest or limited activity. Because of chronic overt instabil-
ity of the lumbosacral region, these patients have poorly responsive 
soft tissues (83), somatic dysfunction, and multiple myofascial points 
that, when stressed, react out of proportion to the initiating event 
and produce palpable spasm and low back pain. Pain can thus be 
caused by several structures in the area other than the spondylolis-
thetic segment. These structures are also subject to the instability of 
the region and the mechanical disadvantage that is localized there. 
It is, therefore, diffi cult to sort out when the pain is caused by spon-
dylolisthesis, when it is the result of somatic dysfunction of muscular, 
ligamentous, or joint structures, or when it is of discogenic origin.

In patients older than 20 years of age with spondylolisthesis of 
<33%, pain is probably caused by one of three mechanisms (123):

■ Disc degeneration at the level of the defect
■ Root impingement by fi brocartilaginous build-up
■ Referral from stressed posterior ligaments and soft tissues

In our clinical experience, pain in these patients is most commonly 
referred from trigger points in the quadratus lumborum, glutei, and 
piriformis muscles, and from iliolumbar and posterior sacroiliac 
ligaments. This best supports the third mechanism above.

The cauda equina becomes physically involved in isthmic 
spondylolisthesis patients with more than a 50% slip (more than a 
grade II). In these patients, low back pain is attributed directly to 
the spondylolisthesis itself. Because the dysplastic type carries the 
posterior arch forward, no more than 25% slippage is necessary 
to manifest a cauda equina syndrome (119). Degenerative spon-
dylolisthesis, by nature of its mechanism, does not progress beyond 
a 30% slip (119,123,128). The instability of this joint (usually 
L4-5), coupled with physical continuity with the posterior arch, 
usually results in L5 root impingement. Myelograms performed on 
these patients generally show hourglass constriction (128) at that 
level. Therefore, the differential and accurate diagnosis of the pri-
mary cause of back pain in a patient with spondylolisthesis requires 
careful palpatory and neurologic physical examination and diag-
nosis in addition to the radiographic and historical fi ndings just 
outlined.

Palpatory Findings
Increased intersegmental motion in the lumbosacral region is usu-
ally a sign of instability and severe degeneration. This increased 
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motion is grossly apparent even on x-ray fi lms. However, 
palpatory evidence (83) gathered by those trained to palpate seg-
mental motion is generally considered to have twice the diagnostic 
yield for instability (28.6%) when compared to a diagnosis by x-ray 
studies (15%).

Palpatory fi ndings in patients with spondylolisthesis reveal an 
anteriorly located spinous process or drop-off sign (Fig. 36.38). 
The anterior spinous process is associated with the vertebra that 
has slipped forward in dysplastic and degenerative spondylolisthe-
sis. It is the adjacent vertebra, above the slipped segment, in isth-
mic spondylolisthesis.

Sacral base motion is excessively lax when it is rocked anteri-
orly around the middle transverse axis, which might result in an 
associated subjective buttock or posterior thigh discomfort. If test-
ing sacral base motion causes neurological symptoms, particular 
care should be taken in designing a treatment protocol that does 
not produce neurological symptoms.

Paraspinal tissues vary in palpatory quality depending on the 
degree of symptoms present. Often, they display multiple myofas-
cial tender points. Even in the asymptomatic state, they are slow 
to relax and are somewhat boggy (congested) to palpation. Muscle 
strength testing of the low back muscles demonstrates nearly full 
fl exibility but decreased strength and endurance.

The iliolumbar ligament should be palpated bilaterally in every 
patient with symptomatic spondylolisthesis. Attached to the trans-
verse processes of L5, the anterior sacroiliac joint, and the iliac 
crest, the iliolumbar ligament is anatomically positioned to resist 
any forward slip of L5 on the sacrum (28). Bilateral palpatory 
tension and subjective tenderness are often noted over its attach-
ments. The patient may experience lateral thigh or groin referral 
(Fig. 36.9). Palpation of the iliolumbar ligament is a valuable and 
sensitive indicator for the success of conservative management 
programs that are designed to reduce mechanical stress in patients 
with symptomatic spondylolisthesis.

Neurological Findings
The physical examination of each patient should include a neuro-
logical evaluation including deep tendon refl exes, muscle strength 
testing, and straight leg raising. Electromyographic testing or 
imaging studies are indicated if radicular symptoms are present. It 
is especially important to assess the condition of the L4 disc (123) 
if surgical fusion is contemplated.

General Treatment Principles
Conservative management is 85% to 90% successful in degenera-
tive spondylolisthesis (123,128). In the minority of children who 
are symptomatic, only 50% are successfully managed with conser-
vative care (123,133). For immature patients with Meyerding grade 
III or IV spondylolisthesis, those with progressive subluxation, or 
a spondylolisthesis that is secondary to an acute fracture, conser-
vative management is probably not indicated without extensive 
bracing or surgical fusion. The acute fracture group (Table 36.7) 
responds best to immediate immobilization (123).

For those patients requiring surgery (or bracing), conservative 
management should be added afterward because the conditions 
that led to the instability preoperatively are still present postop-
eratively. In all cases, conservative management should attempt to 
maximize structure-function relationships.

Patient Education
Education is a key component in the conservative management 
(130,146,147) of patients with either asymptomatic or symp-
tomatic spondylolisthesis. Goals should center on decreasing 

Figure 36-38 Location of anteriorly located spinous process (drop-
off sign) depends on underlying mechanism of spondylolisthesis. 
A. In dysplastic spondylolisthesis, L5-S1 horizontal facets allow 
entire spine to glide forward creating drop-off between L5 and 
S1. B. In isthmic spondylolisthesis, pars defect between L5 and S1 
allows anterior elements of L5 to slide forward along with the rest of 
the spine. Posterior elements of L5 remain behind with the sacrum, 
creating drop-off between L4 and L5. C. Degenerative spondylolis-
thesis at L4-5 does not affect anterior and posterior elements of the 
vertebral unit and therefore the drop-off sign is located between L4 
and L5. (Courtesy of William Kuchera, D.O., F.A.A.O.)

stress in the unstable lumbosacral region through application 
of back mechanics, proper exercise and nutrition, and postural 
improvement techniques. Back schools that offer 36 hours of 
instruction in teaching back mechanics and appropriate choices 
for optimum back care are also effective (146). These approaches 
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immensely increase patient compliance. In the absence of a back 
school, the individual practitioner should use a minimum of one 
patient visit (more if necessary) to explain lumbosacral mechanics. 
Patients are taught to lift properly and to avoid improper lifting, 
especially over the head, as this increases lumbar lordosis.

The osteopathic physician should advocate proper footwear; 
high heels in particular increase lumbar lordosis (82). Patients 
should be advised on correct sleeping, sitting, and standing pos-
tures; they should also be counseled on weight loss if neces-
sary. This minimal investment of time reduces the frequency of 
reinjury or the failure of an otherwise well-conceived conservative 
program.

Pregnancy signifi cantly affects posture by shifting the weight-
bearing line anteriorly and accentuating the lumbar lordotic curve. 
Unfortunately, this postural stress occurs at a time when the hor-
monal changes of pregnancy also act to reduce soft tissue stabi-
lization. Women with spondylolisthesis who are contemplating 
pregnancy should, if possible, prepare their posture and muscle tone 
in advance. They should also strictly adhere to their obstetrician’s 
weight gain limits. Often, the addition of a Levitor is extremely 
benefi cial, even if it is only for the duration of the pregnancy.

For young, asymptomatic individuals with less than a Meyerd-
ing grade I spondylolisthesis, avoid creating a back cripple with 
excessive restrictions. It is wise to direct these individuals toward a 
vocation not requiring heavy lifting or strenuous activity (148). In 
young, asymptomatic people with more than grade I spondylolis-
thesis, the same vocational goals are upheld but these individuals 
should also avoid contact sports. Inform young patients and their 
parents of the concerns and uncertainties involved; stress the need 
for close follow-up.

Exercise
The response to exercise does not depend on the type of spon-
dylolisthesis (I, II, or III) (147). The goals of exercise are to even-
tually stabilize the lumbosacral region and diminish the lumbar 
lordosis (144,147). Weight loss for an overweight patient can also 
be facilitated by exercise.

Exercise should be of a fl exion-type only, rather than fl exion-
extension combination programs (141). Gramse has reported 
excellent results with the fl exion program (147). The variables 
examined included relief of pain, need for back supports, return 
to work status, and recovery. Combination fl exion-extension exer-
cise signifi cantly reduced the effectiveness in all of these vari-
ables. Pelvic narrow and coil exercise (149–152) with the knees 
bent in the supine position is extremely effective (Fig. 36.26), 
although fl attening the back against the wall while standing or 
bringing the chest to the thigh while sitting in a chair can also be 
benefi cial.

The patient must be able to demonstrate their ability to main-
tain a reduced lordosis before abdominal strengthening exercises 
such as bent-knee sit-ups are considered. Good abdominal strength 
adjunctively supports weight-bearing and unloads the spine. Gym-
nastics, diving, and contact sports are not encouraged. Swimming, 
however, is considered an excellent activity to cultivate.

Osteopathic Manipulative Treatment
Several authors report a benefi t (27,46,72,81,153) from the manip-
ulative management of patients with spondylolisthesis. Manipula-
tive treatment of the patient with spondylolisthesis is extremely 
helpful in attempting to redress some of the postural decom-
pensation that has occurred over time and to alleviate segmental 
limitation of motion, which is known to upset the forces resisting 
spondylolisthesis (128).

The goals (27,46,72,82,154) are reduction of lumbar lordosis 
and somatic dysfunction. This transfers weight bearing from the 
posterior elements and tissues back to the vertebral bodies. It spe-
cifi cally relaxes strained, irritable lumbar paraspinal tissues, permit-
ting them to better resist the stresses imposed by the activities of 
daily living. It also reduces the patient’s somatic pain and somato-
visceral symptomatology. These goals seek a gradual reestablish-
ment of fascial and muscular balance in order to promote maximal 
functional weight-bearing posture.

The manipulative program is not simply directed to the lordo-
sis and specifi c somatic dysfunctions; it also addresses biomechani-
cal support structures. Because of the instability and injury in the 
lumbosacral junction, high-velocity techniques should be avoided 
in that area.

In correcting lordosis and recurrent lumbopelvic clinical con-
ditions, the fi rst concern is often balancing the pelvis horizon-
tally (29,82,7). An undiagnosed or uncorrected unilateral, sacral 
shear somatic dysfunction thwarts the most expert manipulator 
in achieving this goal and renders functional orthoses such as the 
Levitor ineffective. This and other nonphysiological somatic dys-
functions can be treated promptly and effectively with OMT.

An unlevel sacral base needs gradual heel lift orthotics before 
instability and recurrent somatic dysfunction can be effectively 
addressed. A minimal heel lift, when indicated, can reduce the 
LSA by 2 to 4 degrees (29) and may move an anterior weight-
bearing line as much as an inch posterior (155). Correction of a 
short leg is also extremely helpful in reducing long-term strain on 
the iliolumbar ligament. It eliminates somatosomatic referral of 
groin pain from this structure as well as reducing low back pain 
and instability in the lumbosacral junction (154,156). A heel lift 
may also be helpful to the one third of spondylolisthetic young 
people who have concomitant scoliotic change and the long-term 
somatovisceral changes resulting from it.

Any intrapelvic somatic dysfunction should be removed; the sac-
roiliac articulations should be freely mobile. Tight hamstring muscles 
are gently stretched with isometric muscle energy technique. The use 
of a vapocoolant spray and stretch over the hamstrings to achieve this 
goal is often helpful. Fascial unwinding of the lower extremities is well 
received by patients and eliminates many of the general congestive 
complaints in this area ( J.G. Zink, personal communication, 1978).

The thoracic spine and thoracolumbar junction are addressed 
next. Schwab (153) reported improvement of compensatory lum-
bar lordotic stresses with mobilization of increased thoracic kypho-
sis. Fryette (82) emphasized that somatic dysfunction in this area 
must be corrected before any effective changes could be maintained 
in the lower lumbosacral junction. Additional consideration of 
the diaphragm and quadratus lumborum has proven particularly 
successful in helping to promote lymphatic drainage (25). The 
quadratus lumborum and the iliolumbar ligament are functionally 
and structurally related (156) and both should be treated.

Lastly, the lower lumbar region should be approached in a gen-
eral manner with soft tissue, counterstrain, myofascial release, and 
fascial unwinding techniques. Address any specifi c somatic dys-
function with indirect technique. A clinically useful end point is 
achieved when the intrinsic rhythm of the craniosacral mechanism 
is easily palpated between the hands as they are monitoring both 
the thoracolumbar junction and sacrum.

Orthotics, Braces, and Casts
Orthotics play a signifi cant role in the conservative management of 
patients with spondylolisthesis. The benefi ts of a heel lift orthotic in 
helping to lend stability to the lumbosacral region have already been 
discussed, and the heel lift orthotic is potentially a permanent part 
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of the patient’s treatment program. A corset-like lumbosacral 
support, conversely, should only be considered for short-term stabil-
ity (83,130) Grieve (83), however, writes that a support should never 
be supplied without a plan to eliminate it. Most lumbosacral supports 
worn for prolonged periods weaken the patient’s own supportive 
mechanisms (130), thereby increasing long-range instability and pro-
moting dependence on the support. For short-term management of 
lumbar strain, however, these supports can be invaluable in reducing 
pain and preparing the tissues for a subsequent exercise program.

Types of immobilization, ranging from knee-to-nipple casting 
to ordinary body casts and corsets, have been studied for their use 
by patients with spondylolisthesis resulting from an acute fracture 
(133). The latter two types of immobilization suppress the extremes 
of bending but do a poor job of diminishing lumbosacral motion 
with walking (136).

The Levitor functional pelvic orthotic has proven to be extremely 
effective as an adjunct in the long-term management of symptom-
atic isthmic spondylolisthesis (27,71,72). Exerting pressure between 
the pubic symphysis and the base of the sacrum (Fig. 36.27), the 
Levitor effectively (157) aids in decreasing postural decompensation 
as measured by PI, in reducing the LSA, and in transferring weight 
bearing off the posterior tissues and forward to the vertebral bodies. 
By reducing the chronic strain on these tissues, symptomatic relief 
from low back pain is accomplished in days to weeks, and imple-
mentation of an exercise program can begin shortly thereafter.

Medication
Anti-infl ammatory medication, analgesics, muscle relaxants, and 
bowel softeners all have a limited role in the symptomatic relief 
of various common symptoms experienced by patients with spon-
dylolisthesis. Because spondylolisthesis is a chronic problem, nar-
cotics have no place in symptom management of these patients. 
Vapocoolant spray-and-stretch technique and trigger point injec-
tion with local anesthetics may be helpful in relieving the second-
ary myofascial points that occur (152). Injections of proliferative 
agents are also useful for cases of ligamentous laxity uncorrected by 
conservative means (158).

Clinical Outcomes
Adjunctive use of the Levitor, for example, has been demonstrated 
to improve measurable sagittal plane risk factors and to reduce 
posture-related low back pain (157,159). In a 1985 study involv-
ing 109 patients with recalcitrant chronic low back pain, 30% of 
patients were found to improve with manipulation and postural 
exercise alone. When a functional orthosis (Levitor) was added to 
this program, 76% improved.

Degenerative Spondylolisthesis

Acquired degenerative spondylolisthesis has a different etiology 
and affects a different and more senior patient population. Patients 
with this pathology typically possess highly fl exible hamstrings 
with very stable L5-S1 junction is in contradistinction with the 
very tight hamstrings and unstable L5-S1 of isthmic and dysplastic 
types of spondylolisthesis (see comparative Table 36.7). For this 
reason, postural care is only indicated in those patients who inde-
pendently demonstrate the clinical fi ndings to warrant the same.

SUMMARY

The postural-biomechanical model is one of several osteo-
pathic approaches to patient care. It has several overlapping 
considerations with the neurological-autonomic model and the 

respiratory-circulatory model. Therefore, understanding this model 
is essential for the osteopathic physician.
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37 Head and Suboccipital Region
KURT P. HEINKING, ROBERT E. KAPPLER, AND KENNETH A. RAMEY

INTRODUCTION

Osteopathic manipulative treatment (OMT) in the head region is 
based on anatomy and physiologic function of the neurologic, vascu-
lar, muscular, articular, and lymphatic systems. Somatic dysfunction 
occurs in the head and face. Clinicians need to be as comfortable 
diagnosing and treating this region as they are in other regions of the 
body. Treatment of somatic dysfunction of the involved structures of 
the head is thought to diminish tissue congestion, improve sinus 
drainage, resolve motion restrictions, normalize autonomic tone, 
and decrease pain. Diagnosis for somatic dysfunction in this region 
is integrated with evaluation of the other HEENT structures. OMT 
may be used as a primary treatment, or as an adjunctive treatment 
with pharmacologic agents, hot or cold compresses, gargles, den-
tal appliances, corrective lenses, hearing aids, creams or ointments, 
shampoos, eye or eardrops, massage, acupuncture, or other treat-
ments. This chapter will demonstrate how the diagnosis of somatic 
dysfunction is critical to treating patients with HEENT disorders. 
Many studies have shown that diagnosis of somatic dysfunction and 
OMT improves patient outcome in a variety of conditions.

DESCRIPTIVE AND FUNCTIONAL ANATOMY

The Adult Skull

The adult skull is composed of 29 bones (Figs. 37.1–37.7). These are 
summarized in Table 37.1. From an osteopathic cranial perspective, 
they can be divided into midline and paired bones. During osteo-
pathic cranial fl exion, the midline bones (sphenoid, occiput, ethmoid, 
and vomer) move into fl exion around their respective transverse axes. 
The paired bones externally rotate during osteopathic cranial fl ex-
ion. During osteopathic cranial extension, the reverse occurs (1).

The Infant’s Skull

The infant’s skull is divisible into two parts: the neurocranium (vault 
and base) surrounds and protects the brain and consists of eight 

K E Y  C O N C E P T S
■ Osteopathic manipulative treatment can improve functional outcomes in patients with sinus, eye, and ear disorders.
■ Understanding the drainage patterns of the paranasal sinuses, the lymphatic channels, and the venous system 

assists the clinician to find possible points of connective tissue blockage.
■ Knowing the parasympathetic and sympathetic innervation of head and neck as well as the consequences of auto-

nomic nerve dysfunction can guide the clinician in treatment
■ Evaluation of osteopathic cranial motion and the consideration of dural continuity are important when treating the 

head region.
■ Somatic dysfunction plays a significant role in sinusitis, middle ear infections, and disorders of hearing and equilibrium.
■ Somatic dysfunction may contribute to tension, migraine, and cluster headaches.
■ Cranial dysfunction may contribute to facial nerve irritation and Bell palsy.
■ Temporomandibular joint dysfunction is a common problem that responds well to manipulative treatment.

bones; the facial skeleton or viscerocranium (face) consists of 13 
bones. The neurocranium (vault and base) can be divided into two 
parts: the vault or calvaria, from a membranous origin; and the base, 
from a cartilaginous origin (23). The bones of the vault are sepa-
rated by membranous spaces, the sutures. The fontanels are present 
at the angles of the parietal bones and at the junctions between sev-
eral sutures of the calvarial bones. There are six fontanels: two are 
medial and unpaired (the anterior or bregmatic, posterior or lamb-
datic) and four are lateral and paired (the sphenoid and mastoid), 
two on either side (23). At birth, the skull is quite large in propor-
tion to the other parts of the skeleton, and the neurocranium (vault 
and base) is, in turn, much larger than the viscerocranium (face).

There is a signifi cant difference in the growth rate of the neu-
rocranium as compared to that of the viscerocranium. The neuro-
cranium grows quickly from birth to about the seventh year. At 
about 5 years of age, although brain growth is almost complete, 
the face has grown to only half its adult size (23). The bones of the 
orbital cavity—the frontal, lacrimal, palatine, zygomatic, ethmoid, 
maxilla, and sphenoid—develop in membrane and are very reactive 
to trauma and growth.

Most individual bones of the skull arise from multiple centers 
of ossifi cation. The cartilaginous portion of the occipital bone is not 
fused at birth and is derived from fi ve primary centers of ossifi cation. 
The sphenoid bone is a more complex structure with multiple cen-
ters of ossifi cation that unite to result in the three units. The occiput, 
sphenoid, and temporal bones demonstrate both endochondral and 
intramembranous types of ossifi cation. When developed, the ossifi -
cation centers form the bones of the calvaria. They are the frontal 
bones, the parietals, the squamous portions of the temporal bones, 
and the upper portion of the occipital (supraoccipital) squama (23).

The sutures separating these bones are the sagittal suture 
between the parietal bones, the metopic suture between the frontal 
bones, the paired coronal sutures between the two frontal and two 
parietal bones, the paired lambdoidal sutures between the supraoc-
cipital and parietal bones, and the squamous sutures between the 
parietal, temporal, and sphenoid bones.

OSTEOPATHIC CONSIDERATIONS OF REGIONSSECTION II
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At birth, ossifi cation is not yet complete for most of the bones 
and they still consist of several component parts. For example, con-
sider the occiput, sphenoid, and temporals. At birth, the occiput 
consists of four portions: the basiocciput, two “exocciputs,” and the 
squama. The different articulations of the cranial base are named 
synchondroses. By defi nition, synchondroses are cartilaginous 
joints in which two bones are united by a fi brocartilage. At birth, 

the sphenoid presents essentially as three main parts: a central part 
that is the body and the lesser wings, and two lateral parts, each 
consisting of a greater wing and the associated pterygoid pro-
cess. At birth, the temporal bones each consist of four parts: the 
squamous, petrous and tympanic portions, and the styloid process. 
The petrous portion is cartilaginous in origin; the squamous and 
tympanic portions are membranous in origin (23).

Figure 37-1 Frontal view of skull. (From Agur AMR. Grant’s Atlas of Anatomy. 9th Ed. Baltimore, MD: Williams & 
Wilkins, 1991:452.)
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486 III • APPROACH TO THE SOMATIC COMPONENT

Figure 37-2 Orbital view of skull. (From Agur AMR. Grant’s Atlas of Anatomy. 9th Ed. Baltimore, MD: Williams & 
Wilkins, 1991:482.)

During delivery and expulsion of the fetus, the occiput is 
positioned under the pubic symphysis around which extension of 
the craniocervical junction takes place. The superior and the infe-
rior parts of the occipital squama may be stressed with resultant 
cranial somatic dysfunction.

THE PARANASAL SINUSES

The paranasal sinuses are air-fi lled extensions of the nasal cavity 
into the following cranial bones:

■ Frontal
■ Ethmoid
■ Sphenoid
■ Maxillae

The paranasal sinuses are small at birth and development proceeds 
at different rates, between individuals. The maxillary and sphe-
noidal sinuses develop fi rst, about the fourth month of gestation. 
This is followed by frontal and ethmoidal sinus development, in 
the 6th month. The ethmoidal air cells reach mature size at 12 to 
13 years of age. The maxillary sinuses assume their pyramidal shape 
between 5 and 8 years, reaching full size by age 15. The sphenoidal 
sinuses become pneumatized, at about 5 years of age (23).

The sinuses are lined with mucous membranes and connect 
via openings within the nasal cavities. All of the paranasal sinuses 
drain directly or indirectly into the nasal cavity. The balance of 
parasympathetic and sympathetic tone determines the nature of 
the mucosal secretions. Parasympathetic fi bers from cranial nerve 
(CN) VII synapse in the sphenopalatine ganglion and promote 
thin, watery, saliva-like secretions. Sympathetic fi bers from T1-T4 

synapse in the cervical ganglia and promote thick, sticky secretions. 
Frontal and sphenoidal sinuses are absent at birth, although a few 
ethmoid cells and small maxillary sinuses are present. The ethmoid 
and maxillary sinuses enlarge during childhood. The frontal and 
sphenoidal sinuses develop during childhood and adolescence. 
Sinus headache referral patterns are predictable because branches 
of the trigeminal nerve innervate the sinuses.

FRONTAL SINUSES

The frontal sinuses drain into the middle meatus. The innervation 
is from the supraorbital nerves (4).

ETHMOID SINUSES

The anterior and middle ethmoid cells drain into the middle 
meatus. The posterior ethmoid cells drain into the superior meatus. 
The innervation is from the anterior and posterior ethmoidal 
nerves (sensory supply) and orbital branches of the pterygopalatine 
ganglion (parasympathetic secretomotor fi bers) (4).

SPHENOID SINUSES

These drain into the sphenoethmoidal recess in close approxi-
mation to the cavernous sinuses. The innervation arises from the 
posterior ethmoidal nerves (sensory) and orbital branches of the 
pterygopalatine ganglion (secretomotor fi bers) (4). Infections of 
the sphenoid sinus are especially dangerous because of close asso-
ciation with the pituitary, brainstem, cavernous sinus, and CNs. 
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OCCIPUT (C0)—ATLAS (C1) ARTICULATION

The occiput-atlas joint is unique and has atypical motion. The 
condyles of the occiput are convex, while the articulating surfaces 
of the atlas are concave. This allows for a small gliding motion into 
fl exion and extension. It also allows for an anterior/posterior trans-
lation as well as sidebending.

THE TEETH

When considering the effect of the dentition on somatic dysfunction 
of the head, face, and jaw, the clinician must understand basics 
of dental anatomy and malocclusion. There are two sets of teeth 
that develop in a lifetime. The primary teeth (also called the baby, 
milk, or deciduous teeth), and the permanent teeth (also called the 
adult or secondary teeth). Children have 20 primary teeth; they are 
replaced by the permanent teeth by about age 13. Adults have 32 
permanent teeth. Most infants are born with no visible teeth—the 

Sphenoidal sinusitis is usually severely disabling and is associated 
with severe, deep head pain.

MAXILLARY SINUSES

The largest of the paranasal sinuses drain into the middle meatus. 
The innervation is derived from the infraorbital and the anterior, 
middle, and posterior superior alveolar nerves (4).

Sinus dysfunction (acute and chronic sinusitis and chronic 
postnasal drip) may result from dysfunction in the cranium. The 
physician should focus on improving the general health of the 
mucous membranes by correcting ventilation and circulation, 
restoring autonomic balance, and eliminating stagnant secretions 
by removing mechanical hindrances (1). Associated dysfunction in 
the upper thoracic spine, cervical spine, and sacrum should also be 
treated. (See Osteopathy in the Cranial Field by Magoun (1) and 
Osteopathic Considerations in Systemic Dysfunction by the Kucheras 
(2) for specifi c techniques.)

Figure 37-3 Lateral view of skull. (From Agur AMR. Grant’s Atlas of Anatomy. 9th Ed. Baltimore, MD: Williams & 
Wilkins, 1991:454.)
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488 III • APPROACH TO THE SOMATIC COMPONENT

An abscess will develop on the root. The roots are embedded in the 
tooth socket in the mandible. Roots are covered by cementum and 
held in place by the periodontal ligament. The periodontal liga-
ment attaches the roots to the alveolar surface of the mandible. It 
has both a nerve and blood supply. The ligament provides an elastic 
cushion between the tooth and the bone. Slight movement of a 
tooth is made possible by the ligament. Teeth are not rigidly joined 
to bone. There is fl exibility. Teeth change their position based on 
stresses and occlusion patterns.

Occlusion refers to the alignment of teeth and the way that the 
teeth fi t together. Ideally, the points of the molars fi t the grooves 
of the opposing molar. All teeth are aligned, straight, and spaced 
evenly. Malocclusion is the most common reason for referral to an 
orthodontist. Very few people have perfect occlusion. By treating 
moderate or severe malocclusion, the teeth are easier to clean and 
there is less risk of tooth decay and periodontal diseases. Malocclu-
sion has a hereditary component, as well as an acquired due to hab-
its, bruxism, and strains of the sphenobasilar synchondrosis (SBS). 
When hereditary, malocclusion may be from a disproportion 
between the size of the upper and the lower jaws or tooth size 
resulting in overcrowding of teeth. During infancy and childhood, 
personal habits like thumb sucking, tongue thrusting, pacifi er use 

teeth are forming inside the gums. The 20 primary teeth erupt over 
the time from when a baby is approximately 6 months to a year 
old. Primary teeth fall out and are replaced by 32 permanent teeth. 
This happens over the time from when a child is approximately 
6 to 14 years old. Wisdom teeth (also called the third molars) are 
molars that usually erupt from the ages of 17 to 21. When exam-
ining teeth, the part of the tooth that is seen on the surface of 
the gum is the crown. It is made up of the enamel, dentine, and 
the pulp. The front incisor teeth have a straight edge and are used 
for cutting. The canine or “eye teeth” are the pointed long teeth 
between the incisor and the premolar teeth. Premolar teeth (bicus-
pids) have two cusps. Molar teeth each have four or more cusps. 
The enamel is the white hard covering over the crown of the tooth. 
It is the hardest material in the body and does not have a nerve 
or blood supply. Chipping or damage to enamel only will not be 
painful. Enamel cannot heal or repair itself as bone or dentine can. 
Dentine is an off white colored hard material that makes up the 
bulk of the tooth. Dentine can heal itself, and it can also register 
pain. The tooth becomes sensitive to temperature changes and feels 
painful, when the dentine is exposed. The nerves and the blood 
vessels of the tooth are called the pulp. When the pulp is exposed 
to infection, by decay or injury, it will die and cause severe pain. 

Figure 37-4 Lateral view of skull (close-up of sphenoid and temporal bones). (From Agur AMR. Grant’s Atlas of 
Anatomy. 9th Ed. Baltimore, MD: Williams & Wilkins, 1991:502.)

Chila_Chap37.indd   488Chila_Chap37.indd   488 8/6/2010   12:25:31 PM8/6/2010   12:25:31 PM



 37 • HEAD AND SUBOCCIPITAL REGION 489

complaints. Osteopathic physicians need to work closely with 
dentists to achieve the best functional outcome for their patients.

THE MANDIBLE

The mandible forms the lower jaw. The mandible is not part of the 
neurocranium, nor is it part of the viscerocranium. The mandible 
develops from membranous ossifi cation (23). It has a horizontal 

beyond the age of three, and prolonged use of a bottle can greatly 
affect the shape of the jaws as well. Even in the adult, improper 
fi t of dental fi llings, crowns, appliances, retainers, or braces may 
contribute to malocclusion. The position of the teeth and jaw 
will affect motion of the cranial mechanism. Receiving cranial 
treatment will change bite patterns and jaw position. Braces and 
retainers can decrease the palpable motion of the primary respi-
ratory mechanism, causing headaches, jaw pain, and many other 

Figure 37-5 Lateral view of interior of skull. (From Agur AMR. Grant’s Atlas of Anatomy. 9th Ed. Baltimore, MD: 
Williams & Wilkins, 1991:466.)

Figure 37-6 Interior view of nasal 
cavity. (From Agur AMR. Grant’s Atlas 
of Anatomy. 9th Ed. Baltimore, MD: 
Williams & Wilkins, 1991:519.)
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body convex anteriorly and two rami ascending posteriorly. The 
symphysis menti is the union of the two halves of the mandible. 
It is prominent inferiorly as the mental protuberance. The upper 
part of the body of the mandible is the alveolar part that contains 
the teeth. A mental foramen is visible below the alveolar part. The 
angle of the mandible is the meeting point between the inferior 
margin of the mandible and the posterior margin of the vertical 
mandibular ramus. The superior part of the ramus extends upward 
to form a coronoid process and a condylar process. The head of the 
condylar process articulates with the mandibular fossa of the tem-
poral bone to form the temporomandibular joint.

THE TEMPOMANDIBULAR JOINT

The TMJ is formed by the head of the mandible and mandibu-
lar fossa of the temporal bone. A fi brocartilagenous articular disc 

separates these structures. The stylomandibular ligament connects 
the angle of the mandible to the styloid process of the temporal 
bone and the sphenomandibular ligament connects the lingula 
(medial aspect) of the mandible to the spine of the sphenoid. The 
lateral pterygoid muscle arises from the sphenoid bone and attaches 
to the articular disk. This muscle draws the articular disk anteriorly 
when the mouth is opened.

MUSCLES AND FASCIA OF 
THE HEAD AND FACE

Knowledge of the muscles of the head and face and of muscles 
that attach from the spine to the head is important to obtain. This 
knowledge will help the clinician accurately palpate and look for 
tenderpoints, fascial tension, and tightness of the various muscles. 
Understanding their innervation and action is also important, 

Figure 37-7 Inferior view of skull. (From Agur AMR. Grant’s Atlas of Anatomy. 9th Ed. Baltimore, MD: Williams & 
Wilkins, 1991:582.)
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intracranial dural continuity explain why dysfunction in the 
periphery can be referred to the head (1).

NEUROLOGIC STRUCTURES

Cranial Nerves

Knowledge of CN anatomy and function is important in treating 
patients with a variety of disorders referable to the head, eyes, ears, 
nose, and throat. CNs can become infl amed, infected, entrapped, 
and traumatized. Cranial strains/dysfunction of the sphenobasilar 
synchrondosis can affect their function as well. Table 37.3 high-
lights important aspects of the CNs.

Parasympathetics

Parasympathetic nerve fi bers to the pupil are supplied by CN III 
(oculomotor nerve) (Fig. 37.12). They innervate the ciliary mus-
cle and cause constriction of the pupil. Parasympathetic activity 
shortens the focal length of the lens and is associated with visual 
disturbance. Parasympathetic fi bers to the lacrimal gland and 
nasopharyngeal mucosa originate in CN VII (facial nerve). They 
synapse in the sphenopalatine ganglion (Fig. 37.13). The postgan-
glionic fi bers then travel in the maxillary branch of CN V to the 
lacrimal gland. Parasympathetic hyperactivity resulting from sphe-
noid, maxilla, and palatine dysfunction results in excessive tear pro-
duction and profuse, clear, thin secretions from the mucosa of the 
nasopharynx and sinuses. Parasympathetic nerves to the thyroid 
gland arise from the superior and inferior laryngeal nerves, a branch 
of the main vagus nerve (CN X) (2).

Sympathetics

The structures of the head and neck obtain their sympathetic 
innervation from cell bodies located at spinal cord levels T1-T4 
(Fig. 37.14). Preganglionic and postganglionic fi bers synapse in the 
upper thoracic region and/or cervical sympathetic ganglia. Sympa-
thetic fi bers to the head generally form sympathetic plexi that fol-
low the course of the arterial supply (2). The superior, middle, and 
inferior cervical paraspinal ganglia lie in the fasciae of the cervical 
region at levels C2, C6, and C7, respectively. Upper thoracic, upper 
rib, and cervical somatic dysfunction can increase sympathetic tone 
to the structures of the head.

Visceral afferent nerves stimulated by organ dysfunction usu-
ally follow the same fascial pathways as the efferent sympathetic 
fi bers of innervation. Excessive afferent input from head and neck 
structures is a factor in the production of facilitation in upper tho-
racic cord segments. Facilitation of cord segments is associated 
with excessive sympathetic outfl ow from the affected regions of the 
cord (T1-T4 to head and neck). Hypersympathetic stimulation to 
associated viscera, over time, produces physiologic changes in the 
viscera and in the somatic tissues innervated by the involved cord 
segments (2). Relevant palpatory changes mediated by visceros-
omatic refl exes from HEENT structures can therefore be found 
in T1-T4 paraspinal tissues and in predictable anterior Chapman 
points on the anterior chest wall above rib 2.

Palpatory changes in the upper thoracic and cervical paraspinal 
tissues can therefore be a clue to structural or functional involvement 
of the head and neck structures innervated by sympathetic fi bers. 
Conditions such as Horner syndrome (constricted pupil, ptosis, 
and facial anhidrosis on the affected side) indicate signifi cant struc-
tural involvement or blockage of the sympathetic nervous system. 
Increased sympathetic tone also leads to functional photophobia, 

especially if the student physician is studying plastic surgery, 
neurosurgery, or otolaryngology.

MYOFASCIAL TRIGGERPOINTS

The myofascial system is often involved in head symptoms. Travell 
and Simons have described various myofascial trigger points (TPs) 
that may refer pain to and/or cause dysfunction of structures of the 
head (2) (Fig. 37.8 and Table 37.2). Somatic dysfunction and TPs 
are closely related and potentiate one another. Emotional stress 
may be associated with clenching of the teeth and may produce 
TPs in the masseter and pterygoid muscles. Frowning or squint-
ing may set up TPs in the orbicularis oculi and occipitalis mus-
cles. TPs in the sternocleidomastoid muscle may refer pain to the 
eye and may be associated with balance abnormalities. Motor 
vehicle accidents, especially from the rear, may produce TPs in the 
sternocleidomastoid, splenius cervicis, and trapezius muscles. TPs 
in the orbicularis oculi muscle may produce such ipsilateral visual 
disturbances as blurred vision, decreased light perception, tears, 
and conjunctival reddening. TPs in the occipitalis muscle may refer 
pain behind the eye and orbit. TPs in the trapezius muscle may 
refer pain to the orbit (2).

CONNECTIVE TISSUE

The dura mater lines the skull and produces folds, or intracranial 
membranes, that act as partitions between, and support for, the cere-
bral hemispheres and cerebellum (Figs. 37.9 and 37.10) (1). These 
structures form the reciprocal tension membrane and are integrally 
involved in osteopathic cranial motion. The dura lining the skull 
extends through the cranial sutures and becomes continuous with 
the periosteal covering of the skull. The falx cerebelli extends inferi-
orly from the straight sinus and fi rmly attaches to the foramen mag-
num. It attaches to the bodies of the second and the third cervical 
vertebrae and extends downward as a tube that ultimately attaches 
to the second sacral segment (Fig. 37.11). The dura becomes con-
tinuous with the extracranial fascia at various foramina in the 
base of the skull and continues outward as sheaths (perineurium) 
surrounding various cranial and spinal nerves. Extracranial and 

T A B L E  3 7 . 1

Bones of the Adult Skull

Cranial 
Group (8)

Facial 
Group (14) Miscellaneous (7)

Occiput Vomer Six middle ear 
ossicles

Sphenoid Mandible Hyoid bone
Ethmoid Paired maxillae
Frontal Paired palatine
Paired temporals Paired zygoma
Paired parietals Paired lacrimal

Paired nasal
Paired inferior 
conchae
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with a relative increase in the activity and number of goblet cells, 
constriction of arterioles, decreased vascular and lymphatic drainage 
of the tissues, and the mechanical diffi culty in moving the mucus. 
Sympathetic stimulation also produces vasoconstriction and inhib-
its secretion, leading to dryness of the nasopharyngeal mucosa. 
Dryness and cracking of the mucosa break down the normal mucosal 
defenses, thereby permitting secondary bacterial infection (2).

Dilation of the pupil (mydriasis) also occurs with increased 
sympathetic activity to the eye. This elevates intraocular pressures in 
patients with narrow angle glaucoma. Prolonged upper thoracic and 
cervical dysfunctions have been associated with the development 
of cloudiness of the lens (2). The Barr-Lieou syndrome (vertigo, 
ataxia, vasodilation, and eye pain) results from hypersympathetic 
activity and proprioceptive dysfunction that often follows whiplash 
injuries.

unsteadiness, and tinnitus. Hyperesthesia of the pharyngeal tissues 
causes patients to cough and expectorate in an attempt to rid them-
selves of an imaginary foreign body in the throat (2).

Increased sympathetic activity alters the normal physiologic 
responses the tissues can provide. Vasoconstriction results in 
decreased nutrient supply to and reduced lymphatic and venous 
drainage from target organs and tissues. The body’s ability to 
mount an immune response and obtain effective concentrations 
of medications is reduced in areas of vasoconstriction and tissue 
congestion (2).

Prolonged sympathetic stimulation changes the composition 
of the cells of the respiratory epithelium resulting in nasal and 
pharyngeal secretions that are thick and sticky, thereby reduc-
ing effective cleaning and clearing by the pseudostratifi ed cili-
ated epithelium of the mucosa. Epithelial hyperplasia is present, 

Figure 37-8 Muscle trigger points pain guide (left) and areas of referred pain (right) in the head and neck. (From 
Travell JG, Simons DG. Myofascial Pain and Dysfunction: The Trigger Point Manual. The Upper Extremities. Vol 1. 
Baltimore, MD: Williams & Wilkins, 1983:166–167.)

Chila_Chap37.indd   492Chila_Chap37.indd   492 8/6/2010   12:25:33 PM8/6/2010   12:25:33 PM



 37 • HEAD AND SUBOCCIPITAL REGION 493

The sympathetics innervate blood vessels that supply the 
thyroid and innervate the cells that produce thyroid secre-
tions. Increased sympathetic stimulation may alter thyroid gland 
secretion (2).

Dorsal Rami of the Upper Cervical Nerves

Understanding the anatomy of the dorsal rami of the cervical nerves 
is important in understanding how somatic dysfunction at C2 and 
C3 may be related to tension headaches and “occipital neuritis.” 
The greater and lesser occipital nerves have been implicated in the 
production of tension headaches, so this region is a common area 
of OMT. These branches of the dorsal rami of the upper cervical 
segments pierce through the fascia just below the superior nuchal 
line. Tension in this fascia has been implicated to cause compres-
sion and irritation of the greater occipital nerve.

The greater occipital nerve is the medial branch of the dorsal 
ramus of the second cervical nerve. It ascends between the muscles 
of the suboccipital triangle and the semispinalis capitis. The greater 
occipital nerve pierces the semispinalis capitis and the trapezius 
near their attachments to the occipital bone and ascends on the 
back of the scalp with the occipital artery. The greater occipital 
nerve supplies the skin of the occipital part of the scalp lateral to 
the median line and as far superiorly as the vertex of the skull. 
Its lateral branches communicate with those of the lesser occipi-
tal nerve. The greater occipital nerve gives off muscular branches 

to semispinalis capitis joins with occipitalis tertius, the cutaneous 
branch of the third cervical nerve. The occipitalis tertius supplies 
the skin of the upper part of the back of the neck, near the 
median line, and the skin of the scalp over the external occipital 
protuberance.

The cutaneous branches of the cervical plexus are the lesser occip-
ital, the great auricular, the transverse cervical, and the supraclavicular 
nerves. The lesser occipital nerve (C2, sometimes also C3) ascends 
in the neck along the posterior border of the sternocleidomastoid 
muscle. It pierces the superfi cial layer of cervical fascia near the 
insertion of the muscle and divides into branches, which supply 
the skin and subcutaneous tissue of the scalp behind and above the 
ear and of the upper portion of the cranial surface of the ear. The 
great auricular nerve (C2, C3) arises in the posterior triangle at 
the lateral border of the sternocleidomastoid muscle. It travels 
below the lesser occipital nerve and crosses obliquely in a course 
toward the ear and the angle of the mandible.

ARTERIAL SUPPLY

Internal Carotids

The face and the scalp are supplied by branches of the external 
carotid artery (primarily the facial artery) (3). The internal struc-
tures of the head are primarily supplied by the internal carotid and 
vertebral arteries (Fig. 37.15). The internal carotid artery passes 
through the carotid canal in the petrous portion of the temporal 
bone. It supplies the anterior portions of the cerebrum (3). Cra-
nial dysfunction in the articulations between the temporal bones, 
occiput, and sphenoid can alter the normal function of these arter-
ies (3). This can produce symptoms including weakness and altered 
sensation on the opposite side of the body.

External Carotids

The external carotid artery travels from the upper border of the 
thyroid cartilage to the neck of the mandible. Here, it divides into 
the superfi cial temporal and maxillary arteries. It is relatively super-
fi cial in the carotid triangle, where it is covered by the superfi cial 
layer of cervical fascia and is overlapped by the anterior border of 

T A B L E  3 7 . 2

Myofascial TPs

Eye symptoms and/or pain
 Sternal division of the sternocleidomastoid muscle
 Splenius cervicis muscle
 Occipitalis muscle
 Orbicularis oculi muscle
 Trapezius muscle
Ear pain, tinnitus, and/or diminished hearing
 Deep portion of the masseter muscle
 Clavicular portion of the sternocleidomastoid muscle
 Medial pterygoid muscle
 Occipitalis muscle
Eustachian tube dysfunction
 Medial pterygoid muscle
Nose pain
 Orbicularis oculi muscle
Maxillary sinus pain and/or sinus symptoms
 Lateral pterygoid muscle
 Masseter muscle
 Sternal division of the sternocleidomastoid muscle
Throat pain and/or difficulty swallowing
 Medial pterygoid muscle
 Digastric muscle
CN entrapment
 V: (buccal nerve branch), lateral pterygoid muscle
 XI: sternocleidomastoid muscle

Figure 37-9 Dural refl ections within skull.
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arterial circle is formed at the base of the brain (24). The terminal 
vessels in and on the brain anastomose, but the larger arteries do not, 
except in this arterial circle. Effects from an occlusion of one verte-
bral artery may be dampened by these vascular interconnections.

Venous Drainage

Venous blood fl ows peripherally via superfi cial cerebral veins and 
centrally via the deep cerebral veins into the venous sinuses, which 
lie between the outer endosteal and the inner meningeal layer of 
the dura. The cerebral veins are thin walled and have no valves. 
There are numerous venous connections between cerebral veins 
and dural sinuses and venous systems of the meninges, skull, scalp, 
and nasal sinuses. This anatomic arrangement not only allows the 
spread of infection, but also allows cranial techniques to affect the 
venous drainage of the cerebral vessels. The venous drainage of 
the brain begins with the superior and inferior sagittal sinuses, as 
they drain into the transverse then sigmoid sinuses and fi nally into 
the internal jugular vein. The ophthalmic veins from the orbit drain 
backward to the cavernous sinus or forward to the facial vein. The 
cavernous sinus drains to the pterygoid plexus of veins, through 
the superior petrosal sinus to the transverse sinus and through the 
inferior petrosal sinus to the internal jugular vein. The veins of the 
scalp drain through veins that accompany the arteries, or through 
emissary veins, which connect the venous plexus of the scalp with 
the dural venous sinuses. The maxillary and superfi cial temporal 
veins form the retromandibular vein behind the angle of the man-
dible. The retromandibular vein communicates with the external 
jugular vein and the internal jugular vein. The facial vein drains into 
the internal jugular vein. The internal jugular vein lies in the carotid 
sheath and as it passes down the neck it receives the superior and 
middle thyroid veins. The external jugular vein lies subcutaneous 

the sternocleidomastoid muscle. Leaving the carotid triangle, the 
artery is crossed by the posterior belly of the digastric and the sty-
lohyoid muscles and separates these muscles from the stylopha-
ryngeus muscle. The facial nerve crosses both vessels. The external 
carotid artery has eight branches. Of these, four arise in the carotid 
triangle: the superior thyroid, the lingual, and the facial arteries. Two 
posterior branches, the occipital and posterior auricular arteries, 
arise at the level of the posterior belly of the digastric muscle; and 
two terminal branches, the superfi cial temporal and maxillary 
arteries, take origin behind the neck of the mandible (24).

Vertebral Arteries

The vertebral arteries arise from the subclavian artery and ascend 
through the transverse foramen of C6-3. At C2, they make sev-
eral right angle turns before piercing the dura to angle anteriorly 
and enter the skull through the foramen magnum (3). The verte-
bral arteries supply the visual area of the cerebrum (occipital lobe), 
brainstem, and cerebellum. Dysfunctions affecting this artery can 
be associated with visual abnormalities and dizziness (3).

Circle of Willis

The vascular interconnections of the brain, known as the cerebral 
arterial circle (Circle of Willis), serve to equalize the blood supply to 
the various parts of the brain under conditions of fl uctuating pressure 
through the major vessels. This anatomic design is unique and vital 
whenever a major source vessel becomes thrombosed or has to be 
ligated. The vertebral arteries join to form the basilar artery. The basi-
lar artery splits into the two posterior cerebral arteries. The anterior 
and posterior communicating arteries indirectly connect the internal 
carotid arteries of the two sides and the basilar system, so that an 

Figure 37-10 Median section of head and relationship of dural folds to intracranial structures. Superolateral view. 
(From Moore KL, Agur AMR. Essential Clinical Anatomy. Baltimore, MD: Williams & Wilkins, 1996:359.)
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are no lymphatic channels inside the skull. Lymphatic vessels in the 
forehead and anterior part of the face drain into the submandibular 
lymph nodes. Lymph vessels from the lateral face and eyelids drain 
inferiorly toward the parotid lymph nodes and ultimately drain into 
the deep cervical lymph nodes (3). The superfi cial lymph nodes of 
the head include the submandibular, occipital, retroauricular, and 
superfi cial parotid lymph nodes.

Lymph from the occipital region of the scalp drains into the 
occipital lymph nodes. The temporoparietal region drains into the 
retroauricular lymph nodes. The frontoparietal region drains into 
the superfi cial parotid lymph nodes. Lymph from the superfi cial 
lymph nodes eventually drains into the cervical lymph nodes. The 
deep cervical lymph nodes are located along the internal jugular 
vein. Lymph from the deep cervical structures passes through the 
jugular trunk into the left (thoracic duct) and right lymphatic 
trunks (Fig. 37.18) (3).

All drainage from the head passes through the neck, cervical 
fasciae, and thoracic inlet to return to the general circulation. Dys-
function in any of these structures can hinder the pathways and 
lead to lymphatic congestion. Increased sympathetic stimulation 
constricts the smooth muscle of the larger lymphatic vessels of the 
head and neck (associated with upper thoracic and cervical dys-
function), leading to decreased lymphatic drainage (2).

SENSORY ORGANS

Eye

Each orbit is composed of seven bones (see Fig. 37.2) (1):

■ Frontal
■ Sphenoid
■ Maxilla
■ Zygomatic
■ Palatine
■ Ethmoid
■ Lacrimal

Four of the eye muscles (superior, inferior, medial, and lateral 
rectus) originate from a common tendinous ring surrounding the 
optic canal in the lesser wing of the sphenoid. The superior oblique 
muscle arises from the body of the sphenoid bone superomedial to 
the common tendinous ring and the inferior oblique muscle origi-
nates on the maxilla in the fl oor of the orbit. All are involved in eye 
movements (Fig. 37.19) (3).

Dysfunction of the frontal, sphenoid, and maxillae may produce 
muscle imbalance of the eye (1). Restrictions of the orbital bones, 
through fascial connections, contribute to venous stasis in head 
structures (1). A lateral stain pattern, maintained by unilateral 
condylar compression, is often associated with strabismus. A verti-
cal strain pattern, maintained by bilateral condylar compression, 
is often associated with either myopia or hyperopia. Dysfunction 
of the occipital bone can obstruct the jugular foramen, leading to 
backward venous pressure in the orbit. These factors may contrib-
ute to such conditions as (1):

■ Amblyopia
■ Astigmatism
■ Diplopia
■ Hyperopia
■ Myopia
■ Strabismus

The patient receives clinical benefi t from removal of cranial somatic 
dysfunction. Gentle eye mobilization using indirect techniques 
may also decrease ocular tension resulting from glaucoma.

on the sternocleidomastoid muscle. It joins the subclavian vein. 
The internal jugular vein and the subclavian vein form the brachio-
cephalic veins on the right and left.

Approximately 85% of the venous drainage from the head 
occurs via the internal jugular veins (Fig. 37.16). These veins pass 
through the jugular foramen, which is formed by both the occiput 
and the temporal bones and is located along the occipitomastoid 
suture. CNs IX to XI course along with the internal jugular vein 
and exit through jugular foramen as well, which is located between 
the occiput and the temporal bones. Suboccipital tension of this 
area is thought to cause fascial obstruction to fl ow and venous 
congestion. Specifi cally, an occipitomastoid compression can 
compromise venous fl ow through the jugular foramen, leading to 
congestion of the large valveless venous sinuses within the head. 
Sacral, upper thoracic, cervical, and associated regional connective 
tissue dysfunction can also contribute to congestion and impaired 
venous fl ow from the head (2).

Lymphatic Drainage

Understanding the lymphatic drainage patterns assists the physician 
in localizing pathologic conditions in the head (Fig. 37.17). There 

Figure 37-11 Dural continuity of skull, cervical vertebrae, and 
sacrum. (Adapted from Magoun H. Osteopathy in the Cranial Field. 
3rd Ed. Kirksville, MO: The Journal Printing Co., 1976.)
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T A B L E  3 7 . 3

Cranial Nerves

CN Anatomic Location Innervation Dysfunction

I. Olfactory Foramina of the cribriform 
plate of the ethmoid bone

Crosses the lesser wing 
of the sphenoid (1).
Altered sense of smell 
Impression of an odor 
that does not exist (2).

II. Optic Optic canal (in the lesser wing 
of the sphenoid)

Lesions of the sphenoid 
or membranous tension 
may affect the optic nerve 
anywhere between the 
sphenoid and occiput (1).

III. Oculomotor Midbrain, lateral wall of 
cavernous sinus, top of the 
petrosphenoidal ligament, 
superior orbital fissure

Levator palpebrae extraocular 
muscles of the eye (except the 
superior oblique and lateral rec-
tus). Parasympathetic fibers supply 
the smooth muscle in the sphincter 
pupillae and ciliary muscles (3).

Tension on the 
petrosphenoid ligament 
causes potential 
compression

IV. Trochlear Passes through the 
petrosphenoidal ligament, 
and enters the orbit via 
the superior orbital fissure

The most common 
symptom, diplopia, 
occurs when the patient 
looks downward.

V. Trigeminal
V1 ophthalmic 
branch

Passes through the lateral wall 
of the cavernous sinus Enters 
the orbit through the 
superior orbital fissure

Upper eyelid, scalp, forehead, 
eyeball, ethmoid sinus, nasal 
cavity, lacrimal gland and 
conjunctiva.

Dysfunction of temporal 
bone may affect the 
function of this nerve.

V2 maxillary 
branch

Courses through: Inferior 
portion of cavernous sinus
Middle cranial fossa
Foramen rotundum 
Pterygopalatine fossa
Infratemporal fossa Inferior 
orbital fissure

Supplies sensory fibers to the 
dura, maxillary sinus, maxillary 
premolar and molar teeth, 
nasal septum, lower eyelid, 
nose, and upper lip.

Tic douloureux may be 
associated with 
dysfunction of this nerve

V3 mandibular 
branch

Exits the middle cranial 
fossa via the foramen ovale

It contains both motor and 
sensory fibers. Supplies the 
teeth, gingiva, skin of the 
temporal region, the ear, lower 
face, muscles of mastication, 
floor of the oral cavity and 
tongue

Trigeminal neuralgia 
affecting this division. 
Sensory information from 
structures innervated 
by the trigeminal nerve 
(sinuses) may be 
perceived as headache

VI. Abducens Courses underneath the petro-
sphenoid ligament, through the 
cavernous sinus, enters the orbit 
via the superior orbital fissure (3).

The abducens nerve 
supplies the lateral 
rectus muscle of the eye

Nerve most often 
affected and may result 
in medial strabismus

VII. Facial Arises from the pons, enters the 
internal acoustic meatus of the 
temporal bone, joins the facial 
canal, and exits the skull via the 
stylomastoid foramen (3)

The sensory root anterior two 
thirds of tongue, soft palate, and 
a small area around the external 
auditory meatus. Secretory to 
the salivary glands and sensory 
to the lacrimal glands
The motor root supplies the 
muscles of facial expression and 
muscles of the scalp, auricle, 
buccinator, platysma, staprdius, 
stylohyoid, diagastric

Dysfunction of the 
sphenoid,occiput 
(condylar or 
occiptomastoid 
compression) cervical 
and upper thoracic 
spine, and cervical 
fascia (1).

(continued )
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T A B L E  3 7 . 3 (Continued )

VIII. Auditory Both divisions arise in a groove 
between the pons and medulla 
and course through the internal 
acoustic meatus with the facial 
nerve (3).

Lesions of the sphenoid, 
occiput, and temporals 
may affect the function-
ing of this nerve, produc-
ing vertigo or hearing 
dysfunctions (1).

IX. Glossopharyngeal It arises from the medulla and 
leaves the skull through the 
jugular foramen (3)

Stylopharyngeus muscle
Secretomotor to the parotid 
gland
Sensory to the pharynx, tonsils, 
and posterior portion of the 
tongue.

Dysfunctions affecting 
the jugular foramen 
(temporal, occiput, 
occipitomastoid suture, 
or cervical fascia) may 
interfere with normal 
function of this 
nerve (1).

X. Vagus Arises from the medulla and 
exits the skull via the jugular 
foramen (3).

Head, Neck, Thorax, abdomen, 
half of colon

Referred pain and 
parasympathetic reflexes 
headache, nausea, 
bradyarrythmia, 
cough

XI. Accessory It arises from both the cervical 
spinal cord and the medulla, 
and exits the skull through the 
jugular foramen

Sternocleidomastoid and 
trapezius muscles; it also 
supplies muscles in the 
pharynx and palate.

Dysfunctions affecting 
the jugular foramen 
Sternocleidomastoid 
dysfunction

XII. Hypoglossal It arises from the medulla and 
exits the skull via the foramen 
magnum. It courses through 
the hypoglossal canal in the 
occipital bone (3).

The hypoglossal nerve is the 
motor nerve of the tongue.

Dysfunction of the 
condylar parts of the 
occipital bone may affect 
functioning of this nerve 
(1), Suckling disorders in 
infants
Dysphagia, dysarthria, 
and swallowing 
difficulties in adults

Figure 37-12 Parasympathetic nerves to orbital and nasal areas. 
(Modifi ed from Kuchera ML, Kuchera WA. Osteopathic Consider-
ations in Systemic Dysfunction. 2nd Ed. rev. Columbus, OH: Grey-
den Press, 1994.)

Figure 37-13 Sphenopalatine ganglion. (Modifi ed from Kuchera 
ML, Kuchera WA. Osteopathic Considerations in Systemic Dysfunc-
tion. 2nd Ed. Rev. Columbus, OH: Greyden Press, 1994.)
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498 III • APPROACH TO THE SOMATIC COMPONENT

Figure 37-14 Sympathetic nerves to head. OA, occipitoatlantal; 
AA, atlantoaxial. (Modifi ed from Kuchera ML, Kuchera WA. Osteo-
pathic Considerations in Systemic Dysfunction. 2nd Ed. Rev. Colum-
bus, OH: Greyden Press, 1994.)

Figure 37-15 Major arterial supply to brain. Areas above dotted 
line are supplied by internal carotid arteries; areas below dotted 
line are supplied by vertebral arteries. ACA, anterior cerebral artery; 
MCA, middle cerebral artery; PCA, posterior cerebral artery; PAD, 
pia, arachnoid, and dura.

Ear

The ear serves two major functions: maintenance of equilibrium 
and hearing (3). Most of the structures of the ear reside within 
the petrous portion of the temporal bone. Hence, dysfunction 
of the temporal bone can be a factor in impaired hearing and 
asynchrony of temporal bone motion can be associated with vertigo 
(Fig. 37.20).

The Eustachian tube connects the middle ear to the nasophar-
ynx (Fig. 37.21) (3). It functions to equalize middle ear pressure 
with atmospheric pressure. Fixed internal rotation of the temporal 
bone, typically secondary to occipitomastoid or sphenosquamous 
compression, maintains partial or complete closure of the Eusta-
chian tube. This is associated with two effects: perception of high-
pitched noises and impaired drainage from the middle ear, thereby 
producing a media for recurrent ear infections. Fixed external rota-
tion maintains patency of the Eustachian tube and is associated 
with the perception of a roar or low-pitched noises (1). Eustachian 
tube dysfunction is the most common precursor of otitis media and 
is often responsive to treatment of somatic dysfunction affecting 

Figure 37-16 Venous drainage of skull. (Adapted from Magoun H. 
Osteopathy in the Cranial Field. 3rd Ed. Kirksville, MO: The Journal 
Printing Co., 1976.)
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the cranium, cervical and thoracic spine, medial pterygoid muscle, 
cervical fasciae, and sacrum. Dysfunction affecting the ganglion 
impar is often associated with asthma, chronic otitis media, and 
chronic sinusitis. The ganglion impar is formed by the convergence 
of the pelvic sympathetic trunks and lies anterior to the coccyx. 
This ganglion ultimately communicates with thoracic sympa-
thetic chain (4). Sacral and/or coccygeal restrictions may irritate 
this ganglion, contributing to increased tension in the upper tho-
racic and cervical spine. Treatment of sacral and/or coccyx somatic 
dysfunction will allow the ganglion impar to optimally function. 
Dysfunction of the ganglion impar is especially responsive to the 
vibratory percussion hammer techniques developed by Robert C. 
Fulford, D.O.

Throat

Impaired arterial supply to and venous and lymphatic drainage 
from the throat predisposes this region to infection. Dysfunction 
of the sacrum, upper thoracic and cervical spine, and/or hyoid bone 
is often seen in patients with pharyngitis and tonsillitis.

BIOMECHANICS AND MOTION

Suboccipital Region

A thorough knowledge of the suboccipital region is important, both 
in the infant and the adult. In the infant, asymmetric molding of the 
bones can cause functional disturbances such as strabismus, poor 
feeding, and recurrent otitis media (8). Cranial dysfunctions and 
asymmetries can cause membranous strain and lead to CN entrap-
ments. Table 37.3 includes dysfunction of the CNs. In the infant, 
the occiput is formed in four parts. Each part is separated by a 
synchondrosis, a cartilage union that usually ossifi es before adult 
life. In infants, somatic dysfunction can be classifi ed as interosseous 
(occurring between different bones) or intraosseous (occurring 
between different parts of the same bone) (8). Therefore, diagnosis 

of the suboccipital region in an infant or child is different than an 
adult.

In an adult, dysfunction occurs between the occiput (C0) and 
the atlas (C1). Knowledge of the anatomy of the region is impor-
tant to understand the motions that occur.

Functional Anatomy

The occipitoatlantal articulation consists of the superior articular 
facets of the atlas and the two occipital condyles. The superior facets 
of the atlas face backward, upward, and medially, and are concave. 
The surfaces of the occipital condyles match the facets of the atlas, 
and the joint is best thought of as a sphere (the occiput) gliding in a 
shallow cup (the articular surfaces of the atlas).

Motion

Flexion-extension of the occiput is the primary motion, producing 
a small-amplitude nodding “yes” of the head. Approximately 50% 
of cervical fl exion/extension occurs at the occipitoatlantal joint. 
However, the motion at the occipital condyles is more complex 
than a small fl exion and extension movement. Because the occipital 
joint surface is convex and the articulating surfaces of the atlas are 
concave, there is a considerable amount of anterior-posterior glide 
as well. Flexion of the occiput on the atlas is accompanied by a 
posterior translatory glide of the occiput; extension is accompa-
nied by an anterior translatory glide (7). During coupled sidebend-
ing and rotation, one condyle glides anterior and the other glides 
posterior.

Dysfunction

Somatic dysfunctions of the occipitoatlantal joint most often 
involve the minor motions of sidebending and rotation. The dys-
functional pattern between occiput and atlas demonstrates an 
atypical pattern of coupled sidebending and rotation in opposite 
directions. The sidebending and rotation of the occipitoatlantal 
joint in opposite directions occurs in part because of the position of 
the lateral atlanto-occipital ligament (7). When the occiput rotates 
left on the atlas, the lateral atlanto-occipital ligament causes the 
occiput to slide (translate) to the left and therefore sidebend to 
the right (7). Because sidebending-rotation mechanics between 
C0 and C1 occur in opposite directions, some authors mistakenly 
state that this is Fryette Type I mechanics. This is not correct, as 
C0 and C1 are not typical vertebral segments and, therefore, do 
not demonstrate Fryette Type I mechanics. In the Chicago model, 
clinicians refer to a posterior occiput and an anterior occiput. The 
muscle energy system refers to a fl exed occiput (Chicago poste-
rior occiput because the posterior occiput resists extension) or an 
extended occiput (an anterior occiput resists fl exion) (Table 37.4).

Diagnosis

Clinically, the lateral translation test is commonly used (physiologic 
motion: rotation and sidebending to opposite sides). The clinician 
will translate the occiput (entire head) to the right and to the left. 
Freer translation right suggests the dysfunction to be sidebending 
left, rotation right; or probably a posterior occiput right (or anterior 
occiput left). The clinician then uses tissue texture abnormality and 
tenderness to reach a conclusion of which side is dysfunctional. 
An additional motion test is a posterior occiput resists extension 
on that side; an anterior occiput resists fl exion on that side. Some 
clinicians use a “fi gure of 8” motion testing process to determine 

Figure 37-17 Lymph drainage from regions of the head and scap-
ula. (Courtesy of William A. Kuchera, D.O., F.A.A.O.)
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Posterior/Flexed Occiput Right

■ Pattern: O-A rotated right, sidebent left
■ Right O-A translates posteriorly and will resist anterior transla-

tion. (This is the “open” side, and it will resist extension.)
■ Left O-A translates freely both posteriorly and anteriorly
■ Tissue texture change and tenderness to palpation is greater on 

the right

the type of dysfunction. This process simultaneously evaluates the 
sidebending, rotation, and fl exion/extension components.

EXAMPLE

Occiput rotated right, sidebent left. This pattern may be the result 
of a posterior/fl exed occiput on the right or an anterior/extended 
occiput on the left.

Figure 37-18 Lymphatic drainage through thoracic inlet. (From Moore KL. Clinically Oriented Anatomy. 3rd Ed. 
Baltimore, MD: Williams & Wilkins, 1985:78.)
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Figure 37-19 Extraocular muscles and nerves. A. Anterior view of muscles. B. Posterior view of muscles. C. Nerves 
of the orbit. CN, cranial nerve. (From Agur AMR. Grant’s Atlas of Anatomy. 9th Ed. Baltimore, MD: Williams & Wilkins, 
1991:486.)
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Figure 37-20 Internal structures of the ear. (From Agur AMR. Grant’s Atlas of Anatomy. 9th Ed. Baltimore, MD: 
Williams & Wilkins, 1991:534.)

Figure 37-21 Connection of middle ear to nasopharynx. Lateral view. (From Agur AMR. Grant’s Atlas of Anatomy. 
9th Ed. Baltimore, MD: Williams & Wilkins, 1991:541.)

Anterior/Extended Occiput Left

■ Pattern: O-A rotated right, sidebent left
■ Right O-A translates freely both posteriorly and anteriorly
■ Left O-A translates anteriorly and will resist posterior transla-

tion. This is the “closed” side, and it will resist fl exion.
■ Tissue texture change and tenderness to palpation is greater on left

Tempomandibular Joint

The TMJ has been described as the most complex joint in the body 
because it not only acts as a hinge joint but also permits a gliding 

movement (11). Both movements are necessary for adequate jaw 
opening and closing. The articular surface of the condyles of the 
mandible is smooth and spherical. A fi brocartilagenous meniscus 
located between the mandibular condyle and the temporal bone 
acts as a cushion to absorb the shock of chewing and speaking. The 
meniscus has three parts, a thick anterior band, a thin intermediate 
zone, and a thick posterior band (11).

When the mouth is closed, the condyle is separated from the 
temporal bone by the thick posterior band. When the mouth is 
open, the condyle is separated from the temporal bone by the thin 
intermediate zone. The articular surface of the temporal bone is 
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also complex, consisting of a convex articular eminence anteriorly 
and a concave articular fossa posteriorly.

When the jaw begins to open, there is a hinge movement like a 
drawbridge lowering. Then as further opening occurs, the condyle 
of the mandible glides along the squamous portion of the temporal 
bone until the mouth is wide open. Opening the mouth activates 
the suprahyoid muscles (mylohyoid, geniohyoid, and digastric mus-
cles), which provide the hinge-like movement. Anterior condylar 
glide is provided by the inferior division of the lateral (external) 
pterygoid muscles (11). Then, as closing begins, a posterior glide 
of the condyles ensures proper placement of the condyles back into 
its fossa. Elevation of the mandible (closing the mouth) is accom-
plished by the temporalis, masseter, and medial (internal) pterygoid 
muscles (11). The meniscus should stay in contact with both bones 
during this hinge and glide motion. If it does not, it may slip for-
ward or backward causing a click, or even the patient’s jaw becom-
ing locked in position. The jaw can become locked in an open or a 
closed position, depending on the position of the meniscus and the 
tension of various muscles. Strachan called “open lock” an anterior 
lesion. It was characterized by an uneven and painful forward glide 
(on the affected side); chin deviation toward the contralateral side, 
and inability to close the mouth. Strachan also termed the “closed 
lock” a posterior lesion (10,11).

SPHENOBASILAR SYNCHRONDOSIS

Assessment of motion of the SBS is important in any complaint 
referable to the head, eyes, ears, nose, and throat. In both the pediatric 
patient and adult, motion of the SBS is assessed through gentle 
palpation of the cranium. The quality, quantity, symmetry, and type 
of motion are evaluated. The trained clinician can evaluate gross 
patterns of articular, membranous, and fl uid motion. The astute 
clinician can evaluate more specifi c individual bone motion, spe-
cifi c suture restrictions, and cranial related motion in other parts of 
the body. Individual motion of the temporals and their sutures is an 
important skill to obtain, especially in HEENT disorders.

Students of osteopathic medicine base the hypothetical bio-
mechanics of the SBS on the observations and writings of William 
Garner Sutherland, as well as the clinical experience of many other 
osteopathic physicians. The exact physiology of the cranial rhythmic 
impulse is still under study; however, there is mounting evidence that 
this phenomenon is related to the Traube–Herring-Meyer wave. The 
biomechanical model of the primary respiratory mechanism has as 
its driving force, the inherent motion of the brain and spinal cord, 
the fl uctuation of the cerebrospinal fl uid, and the inherent motion of 
the intracranial and spinal membranes. In this hypothetical model, 
there is motion between the sphenoid and the occiput. As the SBS 
rises during cranial fl exion, tension is placed on the dura and is trans-
mitted to the sacrum. This upward pull on the sacrum causes cranial 
fl exion (anatomic extension, or counternutation) of the sacral base. 
During the cranial extension phase, the SBS descends and tension 
is relieved to the dura sheath. During fl exion, paired bones exter-

nally rotate, and during extension paired bones internally rotate. The 
primary respiratory mechanism is palpable throughout the body, due 
to the dural motion and fascial continuity.

PATIENT EVALUATION

Obtaining the history of the patient with a complaint referable to 
the head, eyes, ears, nose, throat, face, or jaw requires a knowledge 
of common clinical syndromes, anatomy of the region, and the 
physiologic function of the tissues involved. When a patient enters 
the offi ce with the above type of complaint, the clinician must fi nd 
out the primary problem, its duration, location, radiation, sever-
ity, associated symptoms, and what has been done so far. It is very 
important to fi nd out if the patient had sustained any trauma to the 
head or face. Be sure to delineate if they had a closed head injury or 
witnessed loss of consciousness. If an injury was involved, the cli-
nician should document all possible information regarding where 
and when the event occurred, how it happened, who was involved, 
and the patient’s initial course of action (did they go to the emer-
gency room?) The clinician must eliminate any urgent conditions 
that need to be expediously treated. They also need to use proper 
judgment in deciding when and how to utilize OMT and when not 
to. Evaluating the head, face, eyes, ear, nose, and throat in an infant 
or child is quite different than an adult or elderly patient. The most 
commonly encountered clinical conditions change as well. The 
diagnostic and treatment approach used with OMT is also variable 
based on the patient’s age. The clinical application of knowledge 
and skills over a diverse and varied patient population takes a long 
time to learn and perfect.

HISTORY

Adult

In the adult patient with a chief complaint referable to the head, 
eyes, ears, nose, throat, face, or jaw requires the clinician to ques-
tion the patient regarding:

■ Pain
■ Traumas
■ Infections
■ Allergies
■ Surgeries
■ Exposure to chemicals, irritants, alcohol, or drugs
■ Tobacco
■ Nutrition
■ Emotional health
■ Hormonal changes
■ Last dental and eye exam

If the patient is found to have occupational risk of injury or 
reinjury, then appropriate preventative measures need to be in 
place. Some of these include Ear plugs/ear protection:

■ Safety glasses/face shields
■ Bite guards/dental protection
■ Helmets
■ Appropriate respirator masks
■ Welding masks

When considering effects of the injury or illness on the cranial 
mechanism, the following needs to be obtained:

■ A thorough birth history
■ Dental history and dental surgeries

T A B L E  3 7 . 4

Occiput Diagnosis

Chicago Terminology Alternate Terminology

Posterior (“open”) occiput Flexed occiput
Anterior (“closed”) occiput Extended occiput
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■ Eye injuries and visual acuity
■ Glasses, type of correction
■ Face lift and/or Botox injections
■ Head or neck (including sinus surgery)
■ History of concussions

Many times, the history will point to the diagnosis prior to 
performing the physical exam. For example, with proper question-
ing of a pharyngitis patient, the patient may state that the sore 
throat is worse upon arising in the morning. When deriving a dif-
ferential diagnosis from the history alone, this information could 
point to post nasal drip as a potential cause, as well as acid refl ux 
disease (nocturnal acid secretion). At this point, the clinician would 
need to examine the posterior pharynx, the abdomen, and the tho-
racic and cervical spine for areas of related somatic dysfunction. 
With the additional information from the physical exam, clinicians 
can either confi rm their suspicions, or go back and reprioritize 
their differential diagnosis.

Infant

Obtaining the history for an infant comes from the mother and or 
father, other family members, and caregivers. Sometimes, there is a 
discrepancy in information if multiple people are involved. A sim-
ple look at the child can tell the experienced clinician if the child is 
“sick” or “toxic” appearing. With infants, they can become ill very 
quickly, so time is of the essence if one suspects a serious condition, 
like an intracranial bleed. Any trauma case must be fully evaluated, 
and if there is any indication from the history or physical fi ndings 
to suspect abuse (or negligence), the appropriate actions need to be 
taken. In the pediatric patient with a chief complaint referable to 
the head, eyes, ears, nose, throat, face, or jaw requires the clinician 
to question the family or medical staff regarding.

Prenatal history

■ Maternal health
■ Maternal infections
■ Use of tobacco, alcohol, or illicit drugs
■ Term, preterm, post dates
■ Any intrauterine illnesses
■ Epidural

Birth history

■ Vaginal delivery or c-section
■ Forceps
■ Vacuum extraction
■ Complications

Head Shape

■ Craniosynostosis
■ Caput secundum
■ Cepahlohematoma
■ Plagiocephaly

Head Control

■ Age
■ Favors one side

Acute Versus Chronic Illness

■ Hospitalizations
■ Antibiotic usage

■ Immunizations
■ Congenital anomalies
■ Vision/gaze
■ Hearing loss
■ Suckling/diffi culty latching on

Geriatric

Obtaining the history for a geriatric patient comes partly from the 
patient as well as other family members and caregivers. Sometimes, 
there is a discrepancy in information if multiple people are involved. 
The patient might have dementia and a poor recall of how they are 
doing or what had occurred in the short term. Similar to the child, 
a simple look at the elder can tell the experienced clinician if the 
elder is eating, drinking, or sleeping well. With geriatric patients, 
they may not seek medical care on their own. Many times, it is a 
family member who calls for them, concerned that they are not 
doing well. Any trauma case must be fully evaluated. It is com-
mon for elders to fall and strike their head. Many are on blood 
thinners, so that increases their risks for an intracranial bleed. If 
there is any indication from the history or physical fi ndings to sus-
pect elder abuse, the appropriate actions need to be taken. In the 
geriatric patient with a chief complaint referable to the head, eyes, 
ears, nose, throat, face, or jaw requires the clinician to question the 
family or medical staff regarding:

■ Dizziness
■ Fall risk “weakness”
■ Visual acuity
■ Tearing
■ Nocturnal eye pain
■ Hearing loss
■ Dentures
■ Closed head injuries
■ Last dental and eye exam

PHYSICAL EXAMINATION

Adult

The physical exam always starts with an interpretation of vitals 
including height and weight. Comparison is made to past-recorded 
fi ndings. Observation of the face, head, and neck is important. The 
clinician needs to look at head position, shape, and symmetry. The 
same holds true for the face. The clinician needs to look at facial 
position, shape, and symmetry. A unilateral facial droop may indi-
cate a stroke or Bell palsy. An orbit that is larger or smaller and a 
protruding ear may indicate torsion of the SBS. The scalp and the 
hair need to be evaluated. Is the hair dry and brittle? If so they 
might have hypothyroidism. The skin needs o be evaluated for 
scars, rashes, and skin lesions. A red nose and cheeks may indicate 
rosacea or possibly lupus. A dark appearing mole on the top of the 
ear or near the hairline may be a melanoma. Patients who have had 
a craniotomy have a curvilinear scar on their scalp near the hairline. 
The temporal arteries need to be palpated, and sometimes ascul-
tated. Tenderness in a 70-year-old patient with headaches, shoul-
der and hip stiffness, and elevated sedimentation rate may indicate 
polymyalgia rheumatica and/or temporal arteritis.

Eyes

Start with observation. An orbit that is larger with an ipsilateral 
protruding ear suggests torsion of the SBS. Unequal pupils (aniso-
coria) can be congenital or acquired. More than 3 mm is signifi cant. 
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sils, and uvula. Have the patient close his or her mouth and open it 
while palpating his or her CRI. Does it change? How so? If patients 
have a bite guard, check the motion of their SBS with the guard in 
and out. If you fi nd that a specifi c position or motion locks up their 
mechanism, you know what to have them avoid or change.

Infant

The physical exam of the infant’s head, face, eyes, ears, nose, and 
throat is much different than the adult. Many times, the infant will 
be sleeping or feeding, which allows a more thorough exam of the 
head, including the SBS. When the infant is crying, a view of the 
open mouth and posterior pharynx is possible. Examination should 
evaluate and document:

■ Symmetry and shape of the head
■ Head circumference
■ Craniosynostosis
■ Caput secundum
■ Cepahlohematoma
■ Plagiocephaly
■ Fontanel’s
■ Dilated scalp veins
■ Face, paralysis, asymmetry, color, texture
■ Head control position and movement
■ Eyes, red refl ex, hypertelorism
■ Visual acuity in children age 3: Snellen E game
■ Shape, size, position of ears

Geriatric

The face of the elderly patient tells a lot about his or her health. 
Sunken eyes and cheeks may indicate dehydration or malnutri-
tion. Geriatric patients tend to not drink much water and their 
mucus membranes may be dry and thin. Skin lesions are common 
especially actinic keratoses, seborrheic keratoses, basal cell cancers, 
and moles. Pupils may be hazy indicating cataracts. Many elderly 
patients have poor dentition, dentures, and bridges. Evaluate their 
cranial mechanism and occiput with their dentures in place, as this 
helps jaw position and facial appearance. When evaluating the cra-
nial mechanism, the hearing aids may need to be removed so they 
do not whistle. When the patient lies supine, always keep enough 
pillows under his or head. This is due to their increased kyphosis as 
well as the patient with spinal stenosis.

COMMON CLINICAL SYNDROMES

Common Cold

Osteopathic treatment of the common cold should have an objec-
tive to accomplish. The objective can be based on the patients’ 
symptoms, the pathophysiologic process, the structural fi ndings, or 
a combination thereof. The primary etiologic factor in the common 
cold is the loss of physiologic and anatomic integrity resulting in 
vasomotor imbalance, dry mucus membranes, and a functionally 
impaired immune system (12). Predisposing factors include patients 
who are not well hydrated, have dry/irritated mucous membranes, 
have lowered resistance of the immune system, are exposed to oth-
ers who are ill, have poor nutritional status, and are not sleeping 
well. Every patient has a normal amount of bacterial and viral fl ora 
of their mucous membranes; however, when this barrier becomes 
compromised, nosocomial fl ora can become “invaders.” The viral 
etiology of the common cold, as well as a bacterial superinfection, 
needs to be considered as a “secondary infection,” due to a primary 

There are many causes, from sympathetic dysfunction, Horner 
syndrome, to brain tumors. Obtain a visual acuity test with and 
without correction. Check each part of the eye—the lids, pupils, 
iris, conjunctiva, sclera, lacrimal gland, tear duct, etc. Check the 
function of the extrocular muscles. Then perform an opthalmo-
scopic exam. Check the patient’s cranial mechanism with their 
glasses on and off, focusing on both near and far objects (ceiling).

Ears

When examining the ears, look at their position during the stand-
ing structural exam. An ear that protrudes might be related to an 
externally rotated temporal bone. Look at the skin of the pinna, 
tragus, and antitragus. If you suspect otitis externa from your his-
tory, pull gently upward and posteriorly on the pinna. This will 
elicit pain if an otitis externa is present. Perform the otoscopic 
exam. The canal should be clear of wax, if not clean it out and get 
a good look at the drum. The drum should be pearly-white with 
a good refl ection of light. The drum can be evaluated for motion 
by insuffl ation or a tympanogram. A hearing test is appropriate for 
specifi c complaints and for the occupational medicine visit.

Nose

The nose (and face) is a common place to get skin cancers, due 
to sun exposure. Look at the skin for erythema (rosacea, alcohol-
ism, lupus), acne, scars, etc. Examine the nasal cavity. The nasal 
mucosa and turbinates should be pink, not red or bluish. The sep-
tum should be midline and not swollen. Sites of bleeding need to 
be found. Polyps appear as clear fl eshy protrusions in the nasal cav-
ity and may be related to asthma and aspirin sensitivity.

Sinuses

Palpation of the face over the frontal and maxillary sinuses reveals 
tenderness when they are full of fl uid. The tissues may fell boggy 
or puffy as well also indicating this. If the frontal and maxillary 
sinuses are transilluminated, in a dark room, a defect in light trans-
mission is seen in either the frontal bone (frontal sinuses) or in the 
palate (maxillary sinuses) when a sinus infection is present. This 
author has found that resistance to a light springing pressure over 
the maxillary or frontal sinuses can correlate with a sinus infection. 
Determining if there is involvement of the sphenoid or ethmoid 
sinuses is more diffi cult clinically. If the majority of mucus is run-
ning down the back of the patient’s throat and they are not blowing 
it out through their nose, the deep sinuses may be involved. If they 
are tender between the eyes to palpation, this is an indicator as well. 
The patient usually has a severe deep headache. If the clinician 
questions involvement of the sphenoid and ethmoid sinuses, then a 
sinus computed tomography (CT) scan can be done.

Oral Cavity

Examine the lips fi rst for signs of celosias (cracking near the cor-
ners), cyanosis, and herpes simplex lesions. Now look at the bubal 
mucosa, teeth, and gums. Receding gum lines, bleeding, and dis-
coloration may indicate gingival/periodontal disease. Broken teeth, 
asymmetrically worn cusps, and crooked teeth may indicate bruxism. 
Palpate the tempomandibular joint as the patient opens and closes 
his or her mouth. Feel for clicking, grinding, and local tenderness. 
Watch the teeth hit when the mouth closes. If the jaw deviates to 
the right, palpate the cranial mechanism and look for an externally 
rotated temporal bone. Look at the tongue, posterior pharynx, ton-
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are absent at birth and develop during childhood and adolescence. 
Sinus headache referral patterns are predictable because branches 
of the trigeminal nerve innervate the sinuses. Sinus dysfunction 
(acute and chronic sinusitis and chronic postnasal drip) may result 
from cranial dysfunction. Removing dysfunctional cranial motion 
patterns may allow the sinuses to drain more freely and provide 
symptomatic relief. In cases of bacterial sinusitis, improving blood 
fl ow to and lymphatic drainage from the sinuses may allow antibi-
otics to work more effi ciently. Allergy may predispose to swelling, 
obstruction, mucus production, and superinfection.

The frontal sinuses drain into the middle meatus and are inner-
vated by branches of the supraorbital nerves (CNV1 branch of the 
trigeminal nerve). Impaired drainage from the frontal sinuses may 
result from frontal bone restriction. Frontal sinusitis may be asso-
ciated with palpable tissue texture changes over the supraorbital 
foramen. Frontal sinusitis may respond to frontal lift technique.

The ethmoid sinuses drain into the superior and middle meatus 
and are innervated by branches of the ophthalmic nerve (CNV1 
branch of the trigeminal nerve). Impaired drainage may result from 
ethmoid bone restriction. This ethmoid bone restriction usually 
occurs secondary to frontal bone restriction, sphenoid dysfunction, 
or maxilla dysfunction. Ethmoid bone restriction may respond to 
frontal lift technique, vomer pump, and other facial articulatory 
techniques.

The sphenoid sinuses drain into the sphenoethmoidal recess, 
in close approximation to the cavernous sinuses, and are innervated 
by the posterior ethmoid nerve (CNV1 branch of the trigeminal 
nerve). Infections of the sphenoid sinuses are especially danger-
ous due to close approximation with the pituitary gland, brainstem, 
cavernous sinus, and CNs. Impaired drainage may result from 
motion restrictions affecting the sphenoid bone (torsion, sidebend-
ing/rotation, vertical strain, lateral strain, and SBS compression). 
Impaired drainage may respond to correction of the dysfunctional 
motion pattern.

The maxillary sinuses drain into the middle meatus and are 
innervated by branches of the maxillary nerve (CNV2 branch of 
the trigeminal nerve). Maxillary sinusitis may be associated with 
palpable tissue texture changes over the infraorbital foramen. The 
maxillary bone articulates with and is driven by the frontal bone 
and sphenoid. Maxillary sinusitis may improve with correction of 
dysfunctional maxillary, sphenoid, and/or frontal bone motion.

Increased sympathetic tone from the upper thoracic region can 
cause vasoconstriction and a reduction of medication distribution. 
It will also thicken mucus, decrease lymphatic response and lym-
phatic fl ow. Parasympathetic imbalance can cause increased tearing 
(watery eyes) and a runny nose. Dysfunction of the suboccipital 
region can irritate the vagus nerve producing a “vagal” headache 
and nausea. Sinus congestion may irritate the trigeminal nerve 
producing a headache. Lymphatic and venous stasis contributes to 
the pressure sensation and headache in these patients. T1-4 is the 
focus of sympathetic activity for the head and neck. Tissue texture 
changes at these thoracic levels and especially over the costotrans-
verse area and the rib angles are signifi cant. Parasympathetic inner-
vation to the head and neck is via CNs III, VII, IX and X. Cranial 
somatic dysfunction can affect the function of these nerves. The 
occiput, atlas, and C2 should be considered a functional unit. Tis-
sue texture abnormality is signifi cant in this region in the sinusitis 
patient; this is partly due to the relationship of this area to the 
vagus nerve.

Tissue texture abnormality at the cranial base and occipitomas-
toid area can impair jugular drainage from the head. Thoracic inlet 
fascial restrictions can also impair lymphatic and venous drain-
age from the head. Cranial dysfunction, especially the temporal 

physiologic dysfunction. OMT can address the primary physiologic 
dysfunction and allow the body’s own immune system to fi ght the 
invading organism(s).

The process starts with compromised mucous membranes. The 
mucous membranes are under autonomic control. The vasodila-
tor nerves come from the parasympathetic nervous system via CN 
seven, by way of the sphenopalatine ganglion. The vasoconstrictor 
nerves come from the sympathetics. The preganglionic fi bers of the 
sympathetics to the head and neck arise in the upper thoracic spinal 
cord (T1-4). From here, they follow the great vessels into the neck 
to synapse at the superior cervical ganglion. From the superior cer-
vical ganglion, postganglionic fi bers supply the mucous membranes 
of the nose and throat as well as other structures of the face and 
neck. Osteopathic evaluation needs to start in the upper thoracics 
and ribs. Somatic dysfunction in this area can affect sympathetic 
tone to the head and neck. This with increasing fl uid consump-
tion will decrease the viscosity of the nasal secretions and bronchial 
mucus, allowing expectoration. It will also shrink the swelling and 
edema of the mucous membranes (making it easier to breathe) and 
normalize autonomic tone to the bronchi and lungs. According to 
Becker, articulatory treatment of the lower thoracic and lumbar 
spine will effect vasomotor tone to the abdominal viscera and pro-
vide better circulation to the skin of the entire body. He felt that 
there was a direct relationship between the vasomotor innervation 
of the nasal mucosa and that of the circulation in the skin (12). 
Following treatment of the thoracic spine and ribs, the thoracic 
inlet and cervical spine are treated. Eliminating fascial restrictions 
of the thoracic inlet can improve lymphatic drainage from the 
head and neck (2). Treatment of the sternoclavicular joints, fi rst 
rib, and shoulders may be necessary to free the thoracic inlet. The 
suboccipital region is usually tender and reactive to palpation. If 
so, gentle indirect techniques are an appropriate choice. Treatment 
of the face, and neck, encourages drainage from the sinuses, ears, 
nose, and posterior pharynx. Tender refl ex points are located over 
the branches of the trigeminal nerve (V1, V2, and V3) as well as in 
the masseters, temporalis, sternocleidomastoid, and anterior chest 
wall. Circular inhibitory pressure applied to these points causes 
vasoconstriction and improves nasal congestion draining of the 
sinuses. Facial effl eurage and lymphatic pump procedures augment 
drainage. Treatment of cranial dysfunction assists in managing a 
patient with sinus congestion. If signifi cant frontal sinus conges-
tion is present, performing a frontal lift may be benefi cial to facili-
tate drainage as well.

In summary, osteopathic treatment:

1. Improves the blood supply to the skin, head, and neck
2. Increases venous and lymphatic drainage from the affected area
3. Relieves muscle spasm, thereby improving breathing
4. Relieves pain
5. Reduces refl ex disturbances
6. Improves circulation to and from the reticuloendothelial system 

and thereby improves immune function
7. Normalizes autonomic and somatic nerve function

Sinusitis

Acute sinusitis is a self-limiting problem. Chronic or recurrent 
sinusitis is more of a diagnostic and treatment dilemma. Always 
consider anatomic obstruction of drainage. This could be an abnor-
mal osteomeatal complex, a polyp, swollen membranes, nasal sep-
tal deviation, or even a tumor. The paranasal sinuses are air-fi lled 
extensions of the nasal cavity into the frontal, ethmoid, sphenoid, 
and maxillary bones. All of the paranasal sinuses drain directly or 
indirectly into the nasal cavity. The frontal and sphenoidal sinuses 
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with anxiety may result in diffi culties falling asleep. Headaches in 
combination with depression may be associated with early and fre-
quent awakening.

A good history and physical exam is necessary to classify head-
aches. Quality and severity of pain, localization of pain, timing of 
headaches, associated symptoms (e.g., auras), dental history, and 
musculoskeletal pain and/or neurologic symptoms should all be 
investigated. Has he taken anything for the pain? Is he on any new 
medications? Has his social history changed (e.g., quit drinking 
coffee)? What are his current psychosocial issues? A detailed his-
tory is vital to the diagnosis and treatment of headache, especially 
if they are recurrent or chronic in nature. Information regarding 
the patient’s birth history (length of mother’s pregnancy, maternal 
complications, length of labor, method of delivery, use of forceps, 
pitocin or vacuum extraction, neonatal complications) and child-
hood growth and development may shed light on the precipitating 
factors for headache. A history of trauma is often important. Clini-
cal experience has revealed that a forgotten fall or head injury that 
has resulted in a sacral shear has often been overlooked and is the 
key to providing effective treatment of a chronic headache. Family 
history should be obtained (5), including information about:

■ Headache: onset, frequency, location, duration, and severity
■ Associated symptoms
■ Trigger factors
■ Previous medical, surgical, and dental history
■ Prior headache therapy

A thorough knowledge of anatomy and physiology and ability to 
diagnose structural abnormalities of the cranium, neck, upper tho-
races, and sacrum often allows a physician to logically explain and 
treat previously unknown causes of headache. The implementation 
of a rational treatment plan signifi cantly reduces suffering of the 
patient and improves overall functioning.

The head and scalp contain many pain-sensitive structures. 
These include:

■ Skin and its blood supply
■ Muscles of the head and neck
■ Great venous sinuses and their tributaries
■ Portions of the dura mater at the base of the brain
■ Dural arteries
■ Intracranial arteries
■ Cervical nerves
■ Trigeminal (V), abducens (VI), and facial (VII) nerves

The pathophysiology of tension-type headaches remains contro-
versial but may involve the trigeminal neurovascular system and 
unstable serotonergic neurotransmission. Recent evidence sup-
ports the hypothesis that the basic pathophysiology of tension-
type headache is qualitatively similar to but quantitatively different 
from migraine. The brain parenchyma itself is not sensitive to pain. 
Pain from structures above the tentorium cerebelli travel via the 
trigeminal nerve, so pain referred from structures above the ten-
torium cerebelli is perceived in the frontal, temporal, and parietal 
regions of the head. Pain fi bers from structures below the tento-
rium cerebelli travel via the glossopharyngeal (IX) and vagus (X) 
nerves and the upper cervical spinal nerve roots. Therefore, pain 
referred from structures below the tentorium cerebelli is perceived 
in the occipital region (5).

A complete physical examination is performed, including a 
neurologic evaluation, in addition to the structural examination. 
The neurologic exam is mandatory, but likely to be normal. Care-
fully document your fi ndings. Always rule out serious organic 
causes of headache, such as brain tumor, aneurysm, arteriovenous 

bone, can affect the autonomic nervous system, drainage from the 
eustachian tube and CN function.

Goals for Osteopathic Manipulative Management
1. Adequate treatment of sinus infections centers around three 

principles:

■ Drainage
■ Treat the offending organism or condition
■ Support the host

2. Drainage can be accomplished through a variety of techniques. 
Opening the thoracic inlet and decreasing sympathetic tone 
prior to sinus techniques works well. Inhibitory pressure over the 
branches of the trigeminal nerve may decrease nerve sensitivity 
to the underlying structures. Facial effl eurage mobilizes lymph 
and increases circulation. Percussion over the sinuses loosens 
mucus. Articulation of the nasal bones opens the osteomeatal 
complex.

3. Supporting the host is directed at balancing sympathetic/para-
sympathetic tone, removing mechanical restrictions of lym-
phatic fl ow, relaxing soft tissue tensions, and improving motion 
restrictions.

OMT will help drain the sinuses and liquefy mucus. Without 
achieving adequate drainage and liquefaction of the mucus, anti-
biotics alone will not work. Suboccipital tissues contain signifi cant 
(and very tender) tissue fi ndings. Treat the upper thoracic and 
ribs fi rst prior to addressing the suboccipital region. Dr. McCarty 
found numerous refl ex tenderpoints associated with acute sinusitis 
(13). He felt that treating these refl ex tenderpoints with inhibitory 
pressure breaks into the autonomic disturbance. Following treat-
ment of these tender refl ex points, the patient may feel warm and 
sweaty. This signifi es adequate treatment (13). In addition, cranial 
dysfunction may result in sinus pain without the presence of infec-
tion. It is important to remember the associated neural innerva-
tions and treat the associated dysfunctional patterns. Additionally, 
trigeminal nerve stimulation will help with sinus drainage. Eth-
moid articulation will facilitate sphenoid and ethmoid sinus drain-
age. Lymphatic decongestion of the pterygopalatine fossa area 
improves overall sinus drainage and eustachian tube function via 
the sphenopalatine ganglion. Addressing somatic dysfunction in 
the neck and upper thoracic regions improves lymphatic drainage 
from the sinuses including drainage through the thoracic outlet 
and diaphragmatic motion (T-L jct. and rib raising).

Tension Headache

Headache is one of the most common conditions seen in a pri-
mary care practice. Every year, 40 to 50 million Americans seek 
treatment for headaches (5). This condition can be caused by a 
number of intracranial and extracranial abnormalities. The under-
lying cause of many headaches is often described as “unknown” or 
“idiopathic.”

Tension headaches are the result of the body’s response to stress, 
anxiety, depression, fatigue, and emotional confl icts (work, school, 
family, and marriage). The body responds by contracting the skeletal 
muscles of the head, neck, and face. Tension-type headaches usually 
occur bilaterally and are described as a fullness, tightness, or pres-
sure sensation in the forehead, temporal area, or back of the head or 
neck (especially in the suboccipital area). They may also be described 
as a band-like sensation around the head. Tension-type headaches 
are not usually associated with nausea or vomiting. They may be 
associated with sleep disturbances. Headaches in combination 
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daily postural exercises, scapular stabilization exercises, pectoralis 
minor stretches, and scalene stretches. Patients with hypermobility 
affecting the neck may respond to cervical isometric exercises.

Is there an emotional component to the patient’s condition? 
How does the patient look in general? Is his or her affect appropri-
ate? Does the content and the manner of his speech give any clues 
to how he is feeling emotionally? Ask if he feels “stressed out.” If so, 
acknowledge the patient’s feelings; this may facilitate an important 
part of the patient’s therapy.

Tension-type headache is the ideal situation in which to utilize 
osteopathic manipulation while addressing the underlying triggers 
(Table 37.5). Educating the patient regarding postural mechanics, 
appropriate footwear, and tension-relieving exercises will help reduce 
the frequency of his headaches. Stress management counseling should 
be offered to assist the patient in dealing with the emotional com-
ponent of his condition. By identifying the patient’s specifi c stressors 
and current coping mechanisms, you can individualize your recom-
mendations to the patient’s specifi c needs. This is also the oppor-
tunity to counsel the patient regarding the importance of smoking 
cessation. It has been clearly demonstrated that smokers experience 
more pain and heal more slowly. Is it possible that altered respiratory 
motion with utilization of accessory muscles of respiration is contrib-
uting to his headaches? Could hypoxia be playing a role as well?

MIGRAINE HEADACHE

Migraine headaches are a common cause of functional disabil-
ity in the United States. The annual cost of lost productivity in 
the United States has been estimated to range from $1.2 billion 
to $17.2 billion. Migraine headaches are frequently described 
as a unilateral throbbing, pounding pain. They can radiate to the 
opposite side. They may be associated with nausea, vomiting, 

malformation, hemorrhage, and temporal arteritis. Neuroradiologic 
studies such as CT, magnetic resonance imaging (MRI), and/or 
magnetic resonance angiography are needed if any of the afore-
mentioned is suspected (5).

From an osteopathic perspective, is there a postural component 
to this patient’s problem? What are the specifi c mechanics of his 
upper body while he performs his job? Is there something nox-
ious in the work place? Is he feeling anxious about his work per-
formance? Structural abnormalities, usually acting via the fasciae, 
place tension on pain-sensitive structures and cause discomfort. For 
example, parietal bone dysfunction produces strain on the superior 
sagittal sinus, producing discomfort in the parietal region. Upper 
cervical dysfunction leads to discomfort in the occipital region. 
Gastrointestinal abnormalities result in headache in the occipital 
region via vagal transmission.

Upper thoracic and cervical muscle spasm may produce par-
esthesias in the upper extremity, but there are often limited objec-
tive fi ndings for this on exam. Along with upper thoracic and 
cervical fi ndings, suboccipital tissue texture changes and tender-
ness will be present as well. Somatic dysfunction in the upper tho-
racics, cervicothoracic junction, and cranium (internally rotated 
temporal bone) may result in increased sympathetic tone to the 
head. This will make the muscles in the upper back and neck 
tight. Poor posture can contribute to somatic dysfunction in the 
upper thoracic spine. Many people who work at a desk or com-
puter develop a kyphotic posture where the scapulas are protracted 
and the shoulders are rolled forward. The upper neck backward 
bends and the suboccipital muscles tighten. The pectoralis minor 
muscle subsequently tightens. Workstation problems need to be 
addressed. Computer screens may need to be raised to eye level 
to promote good posture. Chair height may need to be altered to 
promote good posture. The patient may benefi t from performing 

T A B L E  3 7 . 5

Treatment algorithm for Tension-Type Headache

Treatment Plan Objective Technique

Treat upper thoracic and rib 
dysfunction

Eliminate upper thoracic dysfunction 
involved in perpetuating the pain; 
balance autonomic tone

Soft tissue, MFR, ME, FPR, 
Counterstrain, HVLA, rib raising

Treat cervical dysfunction, 
particularly involving the occiput, 
C1, and C2

Eliminate cervical mechanics and soft 
tissue tension involved in exacerbating 
the pain

Soft tissue, Occipitoatlantal MFR, FPR, 
ME, HVLA

Treat cranial dysfunction including 
TMJ dysfunction

Eliminate cranial strain patterns 
affecting the trigeminal 
neurovascular system

Direct and indirect cranial osteopathy; 
MFR and ME technique for TMJ 
dysfunction

Treat lumbar, sacrum, and pelvis Eliminate compensatory or contributing 
strain patterns from below

Soft tissue, MFR, ME, HVLA, 
Counterstrain

Address postural mechanics Reduce exacerbating factors Core strengthening, scapular 
retractions, cervical isometric 
exercises, proprioceptive training

Stress reduction counseling Reduce exacerbating factors while 
enhancing overall well-being

One-on-one counseling to identify 
specific stressors and individualize 
stress management strategies

Health promotion and disease 
prevention

Reduce risk of future illness; enhance 
overall well-being

Smoking cessation, exercise and 
nutrition counseling; health screening 
(e.g., fasting lipids, immunizations)
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trigeminal afferents and the vascular structures they innervate. As 
branches of the fi rst division of the trigeminal nerve are activated, 
neuropeptides are released at the neurovascular junction. The neu-
ropeptides produce a sterile infl ammation of the meningeal arteries 
associated with platelet aggregation and release of serotonin, which 
may potentiate the migraine process. Bidirectional conduction 
conducts nerve impulses back into the CN V nucleus located in 
the brainstem. These impulses are then routed to various neurons 
in the thalamus and cerebral cortex. The upper cervical cord gets 
involved through this nucleus, too, and that explains the neck pain 
that is often involved. Brainstem refl exes are activated that produce 
the migraine-associated symptoms, including nausea, vomiting, 
photophobia, and phonophobia. Autonomic activation occurs via 
the facial nerve and results in nasal congestion, rhinorrhea, and 
lacrimation. Pain in the face over the sinus cavities is also com-
mon and may be due to CN V2 activation. Researchers have found 
evidence of breakdown products of serotonin in the urine of those 
who have just experienced a migraine headache. They have also 
found that injecting anyone with a serotonin-depleting chemical can 
produce a migraine headache, even if the person has never had a 
migraine in the past. Medications (Imitrex and Zomig—5HT1 
receptor agonists) are effective in treating a migraine headache 
even during the attack. The pain from a migraine seems to be due 
to cerebral vasodilatation. In migraine patients, local vasodilata-
tion of cerebral vessels seems to be produced when platelets line 
up in a portion of a cerebral artery and release humoral vasodi-
lating substances. The vasodilatation is not autonomic—it is 
humoral.

Somatic dysfunction in the upper thoracic spine increases the 
level of sympathetic tone to the innervated blood vessels of the 
head. Increased sympathetic tone produces vasoconstriction and 
a resultant decrease in cerebral blood fl ow. This results in a rela-
tive anoxia and may lower the threshold for vasodilation, thereby 
contributing to the production of migraine symptoms. Cranial 
dysfunction affecting the cortex, thalamus and hypothalamus, and 
upper cervical dysfunction affecting cervical nerve roots C1-3 may 
result in the transfer of afferent pain stimuli to the spinal nucleus 
of the trigeminal nerve. The trigeminal nerve courses through vari-
ous portions of the sphenoid bone. An elevated greater wing of the 
sphenoid (torsion) may apply dural pressure resulting in irritation 
of the trigeminal nerve, thereby feeding into the trigeminal vas-
cular refl ex. A sphenosquamous compression can compromise the 
function of the middle meningeal artery. The facial nerve courses 
through the temporal bone. Dysfunction of the temporal bone, 
such as internal rotation, can result in refl ex vasodilation of the 
internal and external carotid arteries via the facial nerve. Occipito-
mastoid compression can result in reduced venous drainage through 
the jugular foramen, thereby producing congestion and dysfunc-
tion in the cortex, thalamus, and hypothalamus as well as CNs IX 
and X.

Migraine headaches are more than just a problem with the 
head. They are a total body problem. Myofascial strain patterns 
stored within the abdomen or elsewhere in the body can cause ten-
sion changes on the base of the skull contributing to the disorder. 
Excessive tension around the sacrum and coccyx can contribute 
to increased tension in the upper back and neck. Vasodilation of 
cranial vessels during a classic migraine is a local phenomenon. 
Patients with common migraine or mixed tension-type headaches 
often have upper thoracic somatic dysfunction associated with 
(autonomic) dysfunction to the head and neck. An extended upper 
thoracic somatic dysfunction is typically acutely painful; keep mus-
cle tone of the head, suboccipital, and neck increased and motion 
restricted. It is common to fi nd suboccipital dysfunction related 

diarrhea, vertigo, dizziness, tremors, photophobia (light sensitivity), 
phonophobia (sound sensitivity), sweating, and chills. Migraines 
may be preceded by scotomas (blind spots in the eyes); photopsia 
(fl ashing lights); vertigo; paresthesias (abnormal sensations); visual, 
olfactory, and auditory hallucinations; or syncope (passing out). 
Migraine headaches are recurrent and vary widely in intensity, fre-
quency, and duration.

The initial episode most often occurs during puberty but can 
occur at any age between 5 and 40 years. Migraine headaches may 
be triggered by (5):

■ Head injury or other trauma
■ Stress
■ Hormone fl uctuations
■ Fasting
■ Oversleeping and under sleeping
■ Vasoactive substances in foods (wine and cheese, cold foods)
■ Changes in weather and temperature (bright light, poor 

ventilation)
■ Physical stimuli (smoking), caffeine

Migraine headaches are thought to occur by the following mecha-
nism. The production of migraine symptoms involves two major 
events: vasoconstriction and vasodilation. The cerebral blood ves-
sels can be divided into two major systems: the innervated (adren-
ergic) system and the noninnervated arterial system. The large 
innervated vascular system consists of the arteries at the base of 
the brain and the pial arteries. These have a rich adrenergic nerve 
supply and respond to catecholamines. The noninnervated vascular 
system consists of the parenchymal arteries and the terminal high-
resistance arteries. They respond to local metabolic factors.

Trigger factors (listed above) produce unilateral cerebral vaso-
constriction via the adrenergic nervous system. Platelets systemically 
aggregate and release serotonin, which augments vasoconstriction 
of these adrenergically innervated blood vessels. The overall result 
is vasoconstriction with a reduction in cerebral blood fl ow. When 
blood fl ow is suffi ciently reduced, an aura develops with symptoms 
occurring as a consequence of which brain region is affected by the 
constriction. The vasoconstriction phase causes local anoxia and 
acidosis and a systemic drop in serotonin. Serotonin sensitizes the 
pain receptors in the blood vessels. In response to local metabolic 
factors (anoxia and acidosis), the vessels of the noninnervated arte-
rial system dilate, increasing cerebral blood fl ow and promoting 
local vasomotor changes resulting in a combined dilation of the 
innervated extracranial and intracranial arteries on the same side. 
This vasodilation, along with the sensitization of pain fi bers, pro-
duces the pain of migraine (5).

A trigeminal vascular refl ex may also explain some of the events 
seen in the production of migraines. Afferent pain fi bers from the 
cortex, thalamus, hypothalamus, and cervical roots C1-3 com-
municate with the spinal nucleus of the trigeminal nerve. These 
impulses can then travel via the facial nerve (CN VII) to produce 
parasympathetic dilation of the internal and external carotid arter-
ies. Pain perception is increased when the effects of this dilation 
feed back into the spinal nucleus of the trigeminal nerve. Stimu-
lation of the trigeminal ganglion, through vasodilation, can also 
produce edema in the dura (5).

The biologically sensitive nervous system is confronted with 
trigger factors (listed above) that can provoke a migraine. The neu-
rochemical balance of the nervous system changes and symptoms, 
recognized as prodromal, may occur. This change progresses until 
the migraine threshold is crossed and an area in the brainstem 
called the “migraine generator” is activated. This may initiate a 
wave of neuronal depression to move across the cortex and activate 
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gliding movement, in which the condyle of the mandible slides 
along the squamous portion of the temporal bone (11). The articu-
lar surface of the temporal bone is similarly complex, consisting of 
a convex articular eminence anteriorly and a concave articular fossa 
posteriorly. The stylomandibular ligament connects the angle of 
the mandible to the styloid process of the temporal bone and the 
sphenomandibular ligament connects the lingula (medial aspect) 
of the mandible to the spine of the sphenoid. The condyle and the 
temporal bone are separated by an articular disc or meniscus that 
divides the joint cavity into two small spaces. The meniscus has 
three parts: a thick anterior band, a thin intermediate zone, and a 
thick posterior band (11). When the mouth is closed, the condyle 
is separated from the temporal bone by the thick posterior band. 
When the mouth is open, the condyle is separated from the tem-
poral bone by the thin intermediate zone. The suprahyoid muscles 
(mylohyoid, geniohyoid, and digastric muscles) provide a hinge-
like movement to open the mouth. Anterior condylar glide is pro-
vided by the inferior division of the lateral (external) pterygoid 
muscles. Closing the mouth is accomplished by the temporalis, 
masseter, and medial (internal) pterygoid muscles. Lateral dis-
placement (grinding movement) activates the ipsilateral temporalis 
and the contralateral medial and lateral pterygoids and masseter 
muscles.

During the physical exam of the patient, observe for lateral 
tracking of the mandible away from midline as the mouth is slowly 
opened. A defl ection of the jaw to one side may occur in a C- or 
S-shaped pattern. While testing jaw ROM, palpate for clicking 
or popping of the joint as well as crepitus. Sometimes, the jaw 
will become locked when opening or closing. Strachan called the 
open lock position an anterior lesion, characterized by an uneven 
and painful forward glide on the affected side, and chin deviation 
toward the contralateral side, with an inability to close the mouth 
(9). He called the closed lock a posterior lesion. He describes manip-
ulative techniques for treating each condition.

When considering the work-up of patients with TMJ, labora-
tory and imaging studies generally are not indicated. MRI, although 
costly, is the study of choice if articular or meniscal pathology is 
suspected and an endoscopic or surgical procedure is contemplated 
and in a case of traumatic TMJ syndrome (11). If the patient has 
associated tinnitus, hearing loss, or other neurologic complaints, an 
MRI of the brain should be ordered.

Treatment needs to address the pathology present, the exacer-
bating factors, and the symptoms that the patient is suffering with. 
Pain is usually controlled with medications; however, reducing ten-
sion in the jaw muscles, decreasing swelling and infl ammation, and 
improving tissue congestion can reduce pain. The key to relaxing 
jaw muscles is keeping the teeth slightly apart. Nonsteroidal anti-
infl ammatory drugs can reduce infl ammation and control pain, 
especially after dental procedures. Gabapentin (Neurotin) and its 
new analog pregabalin (Lyrica) have been prescribed for chronic 
TMJ syndrome (11). Any chronic painful condition, such as chronic 
TMJ syndrome, will worsen any pre-existing anxiety or depression. 
Therefore, treatment should include stress management, relaxation 
techniques for the face and neck, as well as medications when nec-
essary. According to Nelson, benzodiazepines and codeine have no 
place in chronic TMJ syndrome (11). Exercise sheets and other 
resources can be obtained online from the TMJ Association. With 
long-standing dysfunction, the joint capsule may stretch, making 
the joint unstable. In this instance, injection of a proliferating agent 
into the joint (sclerotherapy) may tighten the capsule and help nor-
malize motion.

Improving somatic dysfunction of the cranium, upper cervi-
cal and upper thoracic region is of great benefi t in TMJ patients. 

to upper thoracic and rib somatic dysfunction. Treating the upper 
thoracics and ribs with Counterstrain or myofascial release tech-
niques improves suboccipital tissue texture abnormality.

Somatic dysfunction of the sphenoid, temporal, and occiput 
may also be involved in trigeminal dysfunctions and headaches. 
The trigeminal ganglion provides sensory nerves from the forehead 
and upper and lower jaw. According to Magoun, normal move-
ment of the temporals is critical, especially in migraine patients—
they must move properly. It is diffi cult to treat a patient during an 
acute migraine. Treatment of a patient with a migraine can reduce 
the severity and frequency of acute migraine attacks, but the imme-
diate treatment of an acute migraine in progress is medical.

OMT will enable many patients to either reduce the dosage 
or frequency of their medication. Several patients, when treated, 
may only occasionally require Motrin or Tylenol for rare minor 
headache. Does OMT work when the patient is actively having 
a migraine headache? Usually. It is always best to treat the patient 
between headaches. It is possible, however, to provide some relief 
while the patient is presently having a headache. It does take some 
time, however, for the infl ammatory mediators and other chemicals 
involved in migraine headaches to be removed from the head by 
the lymphatics.

Most patients will be placed on a home exercise program that 
focuses on stretching exercises to reduce the amount of tension in 
the body (especially in the upper back and neck) and to help return 
balance to the body. OMT is used to improve motion in the body. 
The patient’s responsibility is to maintain the improvements by 
performing the prescribed home exercise program. Stretches seem 
especially important.

TMJ SYNDROME

An estimated 10 million people in the United States (1 in 25) 
have TMJ disorder. The greatest incidence is in adults aged 20 to 
40 years. The female-to-male ratio is 4:1 (11).

TMJ dysfunction is the most frequent source of facial pain 
after toothache. Patients with TMJ syndrome commonly complain 
of facial pain and jaw range of motion (ROM) restriction. Earache 
is fairly common. Facial pain is usually periauricular, worsened by 
chewing. The patient may also have clicking, popping, and snap-
ping sounds, headaches, or neck pain.

The current diagnostic criteria divide TMJ dysfunction into 
three categories: myofascial pain dysfunction (MPD) syndrome, 
internal derangement (ID) injury, and degenerative joint disease 
(DJD) (11). MPD syndrome is best characterized as a psychophys-
iologic disease primarily involving the muscles of mastication, 
frequently provoked by tension as well as somatic dysfunctions 
elsewhere in the body (11). ID is defi ned as an abnormal relation-
ship between the articular disc and the mandibular condyle (11). 
Dental procedures are a common source of trauma (particularly 
work on molar teeth) and can cause ID.

A common example includes acute and chronic disc displace-
ment. Anterior disc displacement is the most common cause of ID. 
The disc dislocation reduces upon opening of the jaw, which causes 
an opening click. The disc dislocates again upon closing of the jaw, 
which causes a closing click. If the condyle cannot override the dis-
placed disc, jaw locking occurs. DJD involves arthritic degenera-
tion of the articular surfaces within the TMJ. This can occur with 
long-standing dental malocclusion, bruxism, and ID of the TMJ. 
The other causes of DJD are osteoarthritis, rheumatoid arthritis, 
ankylosis, infections of the bone or joint, and neoplasia.

The TMJ has been described as the most complex joint in the 
body because it not only acts as a hinge joint but also permits a 
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may be altered. A patient may also experience pain in or behind the 
ear and hyperacusis (15).

When considering treatment for Bell palsy, the conventional 
treatment involves the use of oral prednisone (60 to 80 mg daily) for 
5 days, followed by a tapering in dosage for 5 additional days (15).

Understanding the anatomy of the facial nerve and facial canal 
is important prior to treating patients with OMT. When using 
OMT to treat a patient who has Bell palsy, knowledge of the anat-
omy of the facial nerve as it traverses the temporal bone is impor-
tant in understanding the nature of symptoms. The facial nerve 
travels through the internal acoustic meatus, located in the petrous 
portion of the temporal bone. It travels through the temporal bone 
via the facial canal. Here lies the geniculate ganglion, which sup-
plies taste to the anterior tongue and cutaneous sensation of the 
external acoustic meatus. Branches of the facial nerve include:

■ the greater petrosal nerve
■ the stapedius nerve
■ the nerve of the chorda tympani

The petrosal nerve provides parasympathetic innervation of the 
lacrimal gland. The stapedius nerve innervates the stapedius mus-
cle, allowing dampening of loud sounds, and the chorda tympani 
supplies taste to the anterior two thirds of the tongue and parasym-
pathetic innervation of the submandibular and sublingual glands 
(15). The facial nerve exits the cranium through the stylomastoid 
foramen to give rise to six terminal motor branches leading to the 
muscles of facial expression (17).

The osteopathic treatment plan should include treatment of 
the whole person, not just the face and head. Dysfunction of the 
sacrum, upper thoracic and cervical spine, and osteopathic cranial 
mechanism can contribute to impaired lymphatic drainage from 
the facial canal, leading to infl ammation of the facial nerve. Start 
by treating the patient’s lymphatic system by freeing up restric-
tions found in four key diaphragms: the thoracic outlet, respira-
tory diaphragm, suboccipital diaphragm, and cerebellar tentorium. 
Treatment of the patient began in the area of the thoracic duct 
and thoracic outlet with myofascial release of the supraclavicular 
fascia and use of the thoracic pump technique. The respiratory 
diaphragm was treated to allow for deeper breathing, thus creat-
ing greater pressure gradients to aid in lymphatic fl ow (18). Pri-
mary respiratory mechanism and osteopathy in the cranial fi eld 
were used to release restrictions in the cerebellar tentorium, which 
attaches to the temporal bone and allows for physiologic temporal 
motion. Osteopathic physicians commonly fi nd restricted ipsilat-
eral motion of the temporal bone and upper cervical restrictions in 
patients with Bell palsy (19). Another area commonly restricting 
temporal motion is at the occipitomastoid suture. Look for a com-
pression of the occipitomastoid maintaining an internally rotated 
temporal bone on the side of facial paralysis. OMT can decrease 
the severity of symptoms and help speed recovery. In one case study, 
the application of OM procedures focusing on the enhancement 
of lymphatic circulation resulted in complete relief of the patient’s 
unilateral facial nerve paralysis within 2 weeks—without the use of 
pharmaceuticals (16).

OTITIS MEDIA

Ear pain is a common patient complaint in the practice of the pri-
mary care physician. Acute otitis media is a signifi cant worldwide 
problem commonly affecting children between 6 and 18 months. 
Otitis media is the most frequent reason for a childhood visit to a 
physician in the United States. By 3 years of age, 50% to 70% of 
children will have had one episode, while one third will have had 

These are common regions of dysfunction in these patients; 
however, somatic dysfunction of any region may contribute to the 
TMJ patient through the continuity of the fascia. Postural imbalance 
from short leg syndrome has also been associated with TMJ (2).

When considering cranial somatic dysfunction, evaluation of 
the occiput and temporals is critical. In a study of 130 TMJ patients, 
nearly all presented with at least one type of biomechanical cranial 
dysfunction. Since the mandible hangs from the temporals, asym-
metric tension of the jaw muscles, bruxism, and malocclusion will 
affect the position and motion of the cranium. Cranial dysfunc-
tion can affect TMJ motion because as the temporal bone exter-
nally rotates, the ipsilateral mandibular fossa moves posteriorly and 
medially. Internal rotation allows the ipsilateral mandibular fossa 
to move anteriorly and laterally. The mandible will deviate toward 
the side of the externally rotated temporal bone or away from the 
side of the internally rotated temporal bone. Sphenoid dysfunc-
tion can affect the TMJ through its direct articulation with the 
temporal bone or by its articulation with the mandible through 
the sphenomandibular ligament. Occlusal splints (mouth orthot-
ics) are controversial (8). Manipulative treatments should be given 
before and after fi tting for occlusal splints and before and after 
restorative dentistry. Normalize function of the temporal bone, 
since the squamous portion of that bone directly affects articular 
function of the TMJ.

Dysfunction of the occiput and atlas is commonly associated 
with the temporal bone. Tender points located in the soft tissues 
between the ramus of the mandible and the mastoid process are 
commonly found. Sometimes referred to as atlas Counterstrain 
points, treatment of this area with Counterstrain, effl eurage, or 
the William Galbreath technique is useful. Articular dysfunction 
of the occiput on atlas usually has an upper thoracic component 
maintaining it. The occiput dysfunction will return if adequate 
treatment of the upper thoracics is neglected. Treatment of the 
upper thoracic spine is important in TMJ patients.

Bell Palsy

Bell palsy is caused by an infl ammation and compression of the 
facial nerve and results in unilateral paralysis or paresis of the face. 
The condition affects approximately 23 in 100,000 persons; with 
onset typically occurring between the ages of 10 and 40 years (15). 
Bell palsy affects men and women at a roughly equal rate of occur-
rence (15). Many patients recover within 1 to 3 weeks. The cor-
nea must be protected and kept lubricated while the condition is 
resolving (6).

The physiologic mechanism responsible for Bell palsy appears 
to involve infl ammation of the facial nerve within the osseous facial 
canal, causing compression and ischemia of the nerve (15). A viral 
cause of Bell palsy has been suspected since the mid-1990s. Herpes 
simplex virus–type 1 was isolated from the facial nerve in patients 
affected by Bell palsy (16).

Symptoms of Bell palsy may be mild or quite severe (15). 
Severe symptoms of facial paralysis and ineffective tear production 
sometimes progress to corneal ulcerations. Physical signs of Bells 
palsy include drooping of the corners of the mouth, indistinct skin 
folds and facial creases, and an unfurrowed forehead. The clinical 
presentation is worrisome, in the outpatient setting, as Bell palsy 
has signs similar to a stroke. When patients eat, food may collect 
between their teeth and lips, and they may drool from the corner 
of their mouth. Smiling may reveal a marked contrast between the 
two sides of the face, with the affected side drawn without wrinkles. 
Depending on where the lesion occurs in the osseous facial canal, 
a patient’s taste reception in the anterior two thirds of the tongue 
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more than three (20). Acute otitis media can affect a person of any 
age, although it is more often seen in children than in adults. The 
disease is usually caused by Streptococcus pneumoniae or Haemo-
philus infl uenzae. The standard of care for otitis media is based on 
following the 2004 AAP/AAFP Guidelines. The standard care for 
recurrent acute otitis media includes long-term antibiotic prophy-
laxis and surgery. The risks of standard care are recognized, and 
alternative means of treating acute disease and preventing recurrent 
otitis media are needed. For over a century, osteopathic physicians 
have reported favorable clinical outcomes in children treated with 
osteopathic manipulative medicine in addition to standard medical 
care. During the birth process, the forces of labor can affect the 
position and function of the cranial bones. These forces can alter 
the position and motion of the cranial bones. If left untreated, these 
cranial dysfunctions are thought to predispose the child to middle 
ear infections. Multiple studies have shown a benefi cial effect of 
cranial osteopathy on children with otitis media (20–22). In regard 
to recurrent otitis media, OMT has shown a potential benefi t when 
used as adjuvant therapy to the standard of care (20–22). Benefi ts 
included fewer tubes, improved tympanography, and less frequent 
use of antibiotics.

The manipulative techniques chosen are based upon the physi-
cian’s skill and training, the type of dysfunction found, and the patient’s 
presentation. The objectives to be accomplished are the following:

■ Improve lymphatic drainage from the inner ear
■ Decrease inner ear effusion
■ Improve function of the Eustachian tube
■ Improve cranial and temporal bone motion
■ Decrease pain

OMT should be applied to only structures surrounding the ear. 
The upper thoracic spine and ribs, the thoracic inlet, the sacrum 
and pelvis, and the abdominal diaphragm may need to be treated 
as well. Locally, improving motion of the suboccipital region, 
releasing the occipitomastoid suture, and balancing the tempo-
ral bones are benefi cial. One manipulative technique, called the 
Galbreath technique, is useful as well. First described in 1929 by 
William Galbreath, D.O., this technique involves mandibu-
lar manipulation, causing the eustachian tube to open and close 
in a “pumping action” that allows the ear to drain fl uid more 
effectively.
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Cervical Region
KURT P. HEINKING AND ROBERT E. KAPPLER

INTRODUCTION

The cervical spine is of great signifi cance to those who use 
manipulative treatment. The cervical region is a pathway between 
the head and the thorax with neural, vascular, and musculoskeletal 
communication. Injury, pathology, or dysfunction may interfere 
with these vital communications.

Accurate, gentle diagnosis and treatment of the cervical spine 
is an important aspect of patient care. Dysfunction of the cervi-
cal spine is very common and may be related to head and neck 
infections, trauma, stress, posture, sleeping, overuse, breathing, and 
orthopedic or rheumatologic conditions. The cervical spine is diag-
nosed based upon the patient’s history and the circumstances pres-
ent at the time of the evaluation. For example, the cervical spine 
evaluation of a young athlete in the emergency department fol-
lowing a head or neck injury is different than a 50-year-old patient 
with chronic neck stiffness upon arising in the morning. Some 
basic principles hold true, however. One caveat for the clinician is 
to have little reluctance to image the cervical spine in any patient 
in which the history, presentation, or situation deems it necessary 
or appropriate. An undiagnosed cervical spine fracture can have 
devastating consequences. This chapter will provide the reader 
with a basic understanding of cervical spine anatomy, physiology, 
dysfunction, and common conditions that would necessitate osteo-
pathic diagnosis and/or manipulative treatment of cervical somatic 
dysfunction.

EPIDEMIOLOGY OF CERVICAL SPINE PAIN

Neck pain is one of the most common complaints of patients see-
ing a primary care physician. It is only second to low back pain 
for patient’s seeking manual treatment (1). When discussing cer-
vical spine pain, one must consider if it is acute or chronic and if 
it is related to a trauma. Acute neck pain by defi nition is pain on 
most days that has been present for at least 2 weeks. Chronic neck 
pain by defi nition needs to be present for 6 months. Posttraumatic 
neck pain needs to have ample history to support the mechanism 
of injury. Knowing these elements, the clinician has a better grasp 
of the epidemiologic statistics. The incidence of neck pain peaks 
between 20 and 40 years of age (2). Females present with neck 
and upper back pain more than males. The lifetime prevalence 
of neck pain is 71% (2–5). Patients with multiple medical prob-
lems, signifi cant job stress, and occupational factors tend to have a 
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■ Neck pain, second only to low back pain, is one of the most common complaints of patients seeing a primary care 
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■ Accurate diagnosis and treatment of the cervical spine is an important aspect of patient care.
■ Dysfunction of the cervical spine is very common and may be related to numerous mechanical, systemic, and 

traumatic situations.
■ Diagnosis of the cervical spine should consider basic imaging deemed necessary by any questionable clinical 

presentation or history.

higher incidence of neck pain. Neck pain has been associated with 
psychological factors, such as high quantitative job demands. The 
combination of chronic illnesses adds to the severity of neck pain. 
Motor vehicle accidents are a common etiologic factor in patients 
with neck pain. Neck pain is the most frequently reported symp-
tom in whiplash injury (6). It has been estimated that 66% to 82% 
of neck injuries seen clinically result from rear-end collisions (6). 
There is general agreement that acute neck injuries are more fre-
quent among front seat passengers than among rear seat passengers. 
If head restraints are present, the use of seat belts alone results in 
fewer injuries. Without head restraints, the use of seat belts alone 
appears to cause a slight increase in injuries. A majority of stud-
ies show a higher incidence of whiplash injuries in women; some 
studies show the frequency of neck injury among women to be 
twice as high as among men (6). Lightweight people appear to be 
more susceptible to acute neck injury than heavier people. There is 
also a positive correlation between increased height and neck inju-
ries. Neck somatic dysfunction was the most commonly reported 
somatic dysfunction found by a cohort of osteopathic physicians 
board certifi ed in neuromusculoskeletal medicine, over a 6-month 
period (7).

HISTORY

Taking a thorough history is critical. This is especially true when it 
comes to neck trauma or closed head injuries, as many times these 
cases can have catastrophic outcomes and frequently become legal 
cases. Remember that assessment and treatment of the cervical 
spine is useful for a variety of presenting complaints, not necessar-
ily just neck pain or headache. The type and specifi c location of the 
pain needs to be characterized, as well as the duration and severity. 
What has the patient tried to make it better? What has worked 
and what hasn’t? Do certain activities make it worse? Have they 
ever had anything like this in the past? If so when and how did 
it resolve? Have they seen any other practitioners, or received any 
other treatments for their condition? Have they had any imaging of 
their cervical spine? If so, what is their understanding of their con-
dition? Is their condition getting better, worse, or staying the same? 
How does their condition affect their day-to-day functioning?

An important aspect to the history of a cervical spine–related 
complaint is the involvement of trauma. Cervical spine trauma 
can be repetitive overuse, blunt trauma, or even emotional trauma. 
Multiple traumas may be layered upon one another. Delineating the 
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the tectoral membrane to enter the foramen magnum. The second 
cervical vertebra, or axis, is identifi ed by the projection of the odon-
toid process, or dens, which develops from the embryologic body 
of the fi rst vertebra. The dens acts as a pivot point about which 
the atlas rotates. The posterior surface of the dens has a facet that 
accommodates the synovial bursa that separates it from the trans-
verse band of the cruciate ligament. The axis does not form a neural 
foramen for spinal roots. Its transverse processes are the only ones 
in the cervical spine that are not grooved to allow exit of a nerve 
root (16). The spinous process of the axis (C2) is larger, palpable, 
and prominent on x-ray.

The cervical vertebrae from C2-7 are saddle shaped and con-
tain a specialized set of synovial joints on the lateral surface of 
the vertebral bodies. These are known as uncovertebral joints (or 
uncinate) joints of Luschka and provide stability to the cervical 
spine. They may also decrease the likelihood of herniated nucleus 
pulposus in the cervical region. The joints of Luschka are not syn-
ovial; thus, infl ammatory arthopathies spare these areas. However, 
the facet joints and atlantal-axial joint have synovial membranes 
that can be involved in infl ammatory arthopathies. The articula-
tions between C2, C3, and the remainder of the cervical joints are 
considered typical.

The cervical transverse processes are unique and different 
than the transverse processes in the thoracic and lumbar spine. 
The lateral portions of the cervical vertebra (C1-6) are modifi ed 
to contain a foramen through which the vertebral artery passes. 
The anterior portion of the transverse process is developmentally a 
rib, whereas the posterior portion is a true transverse process (16). 
These portions fuse, but between them persists the transverse fora-
men, which allows for passage of the vertebral artery. Although 
this provides protection for the vertebral artery, it also creates the 
possibility of trauma to the artery from bony insult.

The transverse processes contain a gutter that runs obliquely 
from anterior to posterior through which the spinal nerves traverse. 
These nerves exit the spine through the neural foramina, which 
are largest at the C2-3 level and decrease in size progressively to 
the C6-7 level. Flexion of the cervical spine increases the vertical 
diameter of the neural foramen, whereas extension decreases it.

The bone between the facets, which can be palpated, is known 
as the articular pillar. The lateral portions of the atlas are known as 
lateral masses. The lateral portions of the cervical vertebra (C1-6) 
are modifi ed to contain a foramen through which the vertebral 
artery passes. Although this provides protection for the vertebral 
artery, it also creates the possibility of trauma to the artery from 
bony insult. The cervical facets are in a plane that points on a 
45-degree angle toward the eye. Rotation motion of the typical 
cervical segments follows the plane of the facets. Anterior or for-
ward rotation is toward the eye rather than rotation in a horizon-
tal plane. The facet joints are enclosed in a fi brous capsule that is 
lax to allow movement in multiple planes. Synovial tissue lines the 
joint capsules. They contain menisci that protect articular surfaces 
from damage during cervical motion. These menisci may become 
entrapped in the joint and cause cervical dysfunction. The C7 ver-
tebra has anatomic characteristics that are similar to those of T1. 
The transverse process of the seventh vertebra does not contain a 
foramen for the vertebral artery and its accompanying veins and 
sympathetic nerves (16). The bone between the facets, which can 
be palpated, is known as the articular pillar.

Ligamentous Structures

The cervical vertebrae comprise a smooth lordosis, held in position 
by muscles and ligaments. The anterior and posterior longitudinal 

mechanism of the trauma is important. This will explain the forces 
introduced into the tissues at specifi c direction, rate, and amount. 
The specifi cs of each trauma need to be quantifi ed and subjective 
complaints separated from objective physical fi ndings. Documen-
tation of any neck pain or issue prior to a trauma is important, as 
well as resolution or persistence of symptoms.

Many times, there are elements in the history that point to a 
specifi c clinical condition. For example, consider the patient with 
“cervicogenic angina” (8). Pain may radiate to the left shoulder 
or arm and be accompanied by upper extremity numbness. The 
patient seeks out medical advice thinking that they might be having 
a “heart attack”; however, it is found that the causative condition 
is orthopedic in nature. In this condition, compression of cervical 
nerve roots or cervical spondylosis (9) causes pain to be referred to 
regions innervated by the C5-T1 nerve roots, most commonly the 
C7 nerve root (10,11). It is important to elicit a history of shoulder 
and arm pain that is related to position or movement of the arm 
as this may be more of an orthopedic etiology. Pain that radiates 
from the neck into the arm at night, which improves with placing 
the arm overhead (“Bakody’s sign”), is more suggestive of a cervical 
nerve root irritation as well (26). Patients with cervical spondylosis 
commonly have palpable fi ndings in the high thoracic region (12).

In contrast, consider “shoulder-hand syndrome” in which 
patients with acute coronary events or stroke develop pain, stiffness, 
and edema of the shoulder, arm, wrist, and hand. In this situation, 
the mechanism is different. Both local neurogenic infl ammation 
and a hyperactivity of the sympathetic nervous system (upper tho-
racic spinal cord T1-4) are thought to cause the upper extremity 
symptoms. Interestingly, tissue texture changes in the soft tissues 
covering the upper thoracic spine and ribs may persist for years. 
Larson (13), Beal (14), and Nicholas et al. (15) have reported these 
tissue texture changes from T2-5 on the left in patients with car-
diac disorders.

From the history, a differential diagnosis of the patient’s current 
problem is made and then the physical examination, imaging, and 
other diagnostic studies are used to rule out conditions within the 
differential. Prior to the physical examination, a clinician needs to 
recall the anatomy of the region, pertinent physiologic principles, 
and relevant biomechanics. This section will highlight important 
concepts in each of these areas.

FUNCTIONAL ANATOMY OF 
THE CERVICAL SPINE

Skeletal Structures

The cervical spine consists of seven vertebral segments. The atlas 
(C1) and the axis (C2) are atypical. The atlas does not have a 
vertebral body; instead it rotates around the dens (16). The dens 
contacts the inner anterior surface of the ring-like atlas. The atlas 
consists of an anterior and posterior arch, joining to form the heavy 
lateral masses that bear the superior and inferior articular surfaces. 
The superior facets articulate with the occiput, and the inferior 
facets articulate with the axis. The axial articular masses are broader 
and deeper than other masses because they bear the weight of the 
skull without assistance from the odontoid process. The atlas has 
a facet for articulation with the dens on its internal surface, as well 
as an anterior tubercle for muscular attachments. The posterior 
arch is longer and bears a small posterior tubercle in place of a 
spinous process. The transverse processes of the atlas, called lateral 
masses, are modifi ed and palpable. Each transverse process has a 
transverse foramen for the vertebral artery. The vertebral arteries 
traverse through the foramina of C6 through the atlas and pierce 
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texture change, tension, Jones tender points, and myofascial trigger 
points is commonplace for practicing clinicians.

Posterior Neck Muscles

The posterior muscles of the neck are divided into superfi cial, inter-
mediate, and deep groups. The posterior spinal muscles are con-
tinuous from the cervical spine to the sacrum. Superfi cial posterior 
muscles that attach to the cervical spine include the trapezius, erec-
tor spinae group (semispinalis cervicis, longissimus cervicis, long-
issimus capitus, and interspinalis), and the levator scapulae. The 
intermediate group contains splenius cervicis and splenius capitus. 
The deep group contains iliocostalis cervicis laterally; longissimus 
cervicis and longissimus capitis centrally; and spinalis cervicis, 
semispinalis capitis, and semispinalis cervicis medially.

Trapezius

The trapezius muscle is the most superfi cial muscle of the pos-
terior group and is innervated by the spinal accessory nerve, cra-
nial nerve 11. The trapezius posteriorly and sternocleidomastoid 
(SCM) anteriorly are jointly protected by a general investing fascia. 
Because the trapezius muscle attaches to the scapula, it is the pri-
mary connection between the head, neck, and the shoulder girdle. 
The trapezius stabilizes and elevates the scapula and extends the 
head. The process of lifting with the upper extremity distributes 
force to the cervical spine via the trapezius and corresponding fas-
cial elements.

Levator Scapulae

The levator scapula muscle originates from the transverse processes 
of the atlas, axis, and the 3rd and 4th cervical vertebrae and inserts 
on the upper medial border of the scapula. The levator scapulae 
elevates the medial scapula and rotates it medially.

Intermediate Posterior Group

The intermediate muscles surrounding the spine function primar-
ily as spinal extensors. This group includes the splenius capitis and 
splenius cervicis. The muscles originate from the spinous processes 
of the lower cervical and upper thoracic spine and insert on the 
transverse processes of the upper cervical spine and the mastoid 
process. Biomechanical studies have documented the importance 
of the splenius capitis and cervicis as prime muscle for extension of 
the head and neck.

Deep Posterior Group

In the deep layer, the erector spinae muscles from the thoracolum-
bar spine continue to the cervical region including the iliocostalis 
cervicis laterally; longissimus cervicis and longissimus capitis cen-
trally; and spinalis cervicis, semispinalis capitis, and semispinalis 
cervicis medially.

The iliocostalis extends from the angles of the upper 6 ribs to 
the posterior tubercles of the transverse processes of the lower cer-
vical vertebrae. The longissimus group extends from the transverse 
processes of the upper thoracic vertebrae to the posterior tubercles 
of the transverse processes of the lower cervical vertebrae. This 
anatomic relationship links thoracic spine mechanics with cervical 
dysfunction.

The semispinalis group arises on the posterior tubercles of 
the transverse processes of the upper thoracic and lower cervical 

ligaments run along both sides of the spinal column and give 
support to the bony structure. They also help to contain the inter-
vertebral discs. The anterior longitudinal ligament is a broad, strong 
ligament on the anterior aspect of the vertebral bodies from the 
atlas to the sacrum. Superiorly, the ligament attaches to the ante-
rior arch of the atlas and the anterior atlanto-occipital membrane. 
The posterior longitudinal ligament lies on the posterior surface of 
the bodies of the vertebrae from the axis to the sacrum. The poste-
rior longitudinal ligament is wider in the upper cervical spine and 
narrower in the lower cervical spine. Its lateral expansions over the 
discs are thin, weak, and represent a vulnerable area for disc hernia-
tion as compared to its strong central band. At the base of the skull, 
the tectoral membrane (occipital-axial ligament) is a continuation 
of the posterior longitudinal ligament and lies immediately behind 
the body of the axis. The alar ligaments are short, strong bundles 
of fi brous tissue directed obliquely superior and laterally from both 
sides of the superior portion of the odontoid process and attach to 
the medial aspect of the occipital condyles. They are often referred 
to as the “check” ligaments. The transverse ligament of the atlas 
is a broad, strong, triangular ligament arching across the ring of 
the atlas and anchored fi rmly on each side to a tubercle on the 
medial surface of both lateral masses of the atlas. The transverse 
ligament has two fascicles layered in a crosswise fashion, which 
gives it a cruciate confi guration. The transverse ligament portion of 
the cruciate ligament complex supports the atlas in rotating about 
the dens. The anterior surface of the spinal cord lies immediately 
posterior to the transverse ligament. Rupture of this ligament (or 
laxity, which may occur with rheumatoid arthritis) creates the pos-
sibility of the dens contacting the spinal cord, causing catastrophic 
neurologic damage.

The remaining cervical vertebrae, C2-7, have a similar ligamen-
tous confi guration. The supraspinous and interspinous ligaments, 
found between adjacent spinous processes, attach each spinal ver-
tebra to one another. The highly elastic ligamentum fl avum (yellow 
ligament) lies posterior between adjacent lamina. There are two 
ligamentum fl avum at each spinal level, separated by a small cleft 
posterior medially.

Intervertebral Discs

Each disc is situated between the cartilaginous endplates of two 
consecutive vertebrae. In the cervical spine, the discs are thicker 
anteriorly than posteriorly and are entirely responsible for the nor-
mal cervical lordosis. Positions of the cervical spine affect intradis-
cal pressure. Pressure is least in the supine position, and extension 
of the cervical spine results in the greatest intradiscal pressure (16). 
Each intervertebral disc is composed of a gelatinous nucleus pul-
posus surrounded by a laminated, fi brous annulus fi brosus. Suc-
cessive layers of the annulus fi brosus slant in alternate directions 
so that they cross each other at different angles depending on the 
intradiscal pressure of the nucleus pulposus. At birth, the disc has 
a high water content (88%), which mechanically allows it to absorb 
a signifi cant amount of stress; however, with age, the percentage 
of water decreases, and the ratio of proteoglycans changes. After 
50 years of age, the nucleus pulposus becomes a fi brocartilaginous 
mass that has characteristics similar to those of the outer zone of 
the annulus fi brosis.

Muscular Structures

The majority of neck problems are muscular in nature. The major-
ity of patients with neck complaints will have signifi cant muscular 
tension in their neck. Palpation of the following muscles for tissue 
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vertebrae and inserts into the area between the superior and the 
inferior nuchal line of the occiput. Beneath the semispinalis mus-
cles lies the multifi dus from C4 to C7. The small rotatores muscles 
cross one segment of the spine and extend from the transverse pro-
cess to the spinous process. In the upper cervical spine, suboccipi-
tal muscles (the rectus capitis posterior major and minor and the 
obliquus capitis superior and inferior) attach from the occiput to 
the C2 vertebra. These deep posterior cervical muscles are arranged 
in between each vertebra and form the suboccipital triangle at the 
base of the skull. Signifi cant modifi cation of these muscles occurs 
at C2, with a group of oblique muscles traversing from atlas and 
axis to the occiput. These muscular relationships make the occiput, 
atlas, and C2 a functional unit.

Anterior Neck Muscles

The anterior muscles of the neck are considered “strap muscles” 
and attach the sternum to the hyoid bone and the hyoid bone to the 
skull. There are also attachments from the upper ribs to the neck 
and skull. The anterior scalene muscles traverse from the lateral 
tubercles of the cervical spine (C3-5) and insert on the 1st rib. 
The middle and posterior scalene have a similar origin and insert 
on the 2nd rib. The scalenes as a group act as lateral stabilizers, as 
well as accessory muscles of respiration. Anteriorly, many muscles 
travel from the mandible to the hyoid, sternum, and clavicle. The 
anterolateral cervical muscles function to fl ex and rotate the head 
and neck. These muscles include the platysma, SCM, and hyoid 
muscles; strap muscles (of the larynx); scalenes, longus colli, and 
longus capitis. The platysma depresses the lower jaw and lip and 
tightens the skin of the anterior neck. The SCM is the dividing 
boundary for the anterior and posterior triangles of the neck. Simi-
lar to the trapezius, the sternocleidomastoid muscle is innervated 
by the spinal accessory nerve. The hyoid muscles do not contrib-
ute to the motion of the cervical spine, but they are important in 
controlling movement of the hyoid bone and larynx. The “strap 
muscles” attach to the hyoid, thyroid cartilage, and sternum and 
transverse medial to the SCM (except for the posterior aspect of 
the omohyoid muscle). The prevertebral muscles of the neck are 
the longus colli and longus capitis. The longus colli muscles extend 
from C1 to T3, spanning the lateral portions of the vertebral bod-
ies and attaching at the anterior tubercles of the lateral masses of 
C3-6. The longus capitis muscles arise on the anterior tubercles of 
C3-6 and extend cephalad to the basiocciput.

Fascia

The three fascial layers of the cervical spine are superfi cial, 
intermediate, and deep. The superfi cial fascia exists as a single sheet 
over the anterior and posterior cervical triangles. The superfi cial 
fascia surrounds subcutaneous fat, the platysma muscle, the exter-
nal jugular vein, and cutaneous sensory nerves.

The intermediate fascia layer contains the alar fascia. The alar fas-
cia spreads behind the esophagus and surrounds the carotid sheath.

The deep layer of fascia has an outer, middle, and inner layer. 
The outer layer of the deep fascia extends from the trapezius mus-
cle over the posterior triangle and then splits to enclose the sterno-
cleidomastoid muscle. The middle layer of the deep cervical fascia 
encloses the strap muscles and extends laterally to the scapula. The 
inner layer of the deep fascia is the prevertebral fascia, which cov-
ers the scalenes muscles, the longus colli muscle, and the anterior 
longitudinal ligament. Fascia from the cervical spine follows a 
“tube within tube” structure and continues into the mediastinum 
to blend with the pericardium and great vessels.

Neural Structures

In the adult, the spinal cord extends from the medulla in the brain 
through the cervical and thoracic spine to the L2 level of the lum-
bar spine. The cervical spinal canal is widest at the atlantoaxial level 
and narrows maximally at the C6 level. The cervical cord itself 
is wider from C3 to T2, corresponding to the increase in nerves 
supplying the upper extremities. The spinal canal can be congeni-
tally narrowed (spinal stenosis) due to orthopedic disease such as 
osteoarthritis, disc protrusions, and spondylolisthesis. Osteophyte 
formation contributes to stenosis, as does instability with excess 
front-to-back or side-to-side translation. A cervical disc may pro-
trude posteriorly into the cord. If this occurs, the term myelopathy 
is used to indicate long tract signs are present. Patients who have 
congenitally small spinal canals, disc herniations, Arnold-Chiari 
malformation, syringomyelia, etc. are at increased risk for cervical 
cord injury, given the right circumstances. Additionally, damage to 
the cord may be ischemic as well as physical. Spinal cord injuries 
may occur from a number of different traumatic events, including:

■ Automobile and motorcycle accidents
■ Gunshots and stabbings
■ Diving into an empty swimming pool
■ Football and other violent contact sports

Cord injury due to any etiology can have catastrophic consequences.

Cervical Nerve Roots
The cervical spinal cord gives rise to the cervical plexus and the 
brachial plexus. Because the brachial plexus innervates the upper 
extremity, nerve root impingement at the cervical intervertebral 
foramen produces neck pain and upper extremity neurologic symp-
toms. Impingement of the nerve roots commonly occurs from disc 
protrusion or osteophyte encroachment. The mixed spinal nerve 
contains motor fi bers, sensory axons of the dorsal root ganglia, and 
preganglionic fi bers from the autonomic nervous system.

There are eight cervical nerve roots. In contrast with the nerves 
in the thoracic and lumbar spine, the nerves in the cervical spine 
take the name of the pedicle above which they exit. For example, 
the C5 nerve root exits between the fourth and the fi fth cervical 
vertebra. The exception is the C8 nerve root, which exits between 
the seventh cervical and the fi rst thoracic vertebrae. The C1 nerve 
root exits the vertebral canal from an orifi ce in the posterior occip-
ital-atlanto membrane just above the posterior arch of the atlas 
and posterior medially to the lateral mass of the atlas. The C1 
ventral primary ramus unites with the C2 ventral primary ramus 
to contribute fi bers to the hypoglossal nerve. The dorsal primary 
ramus of C1 enters the suboccipital triangle supplying the muscles 
of this region. The C1 nerve root has no cutaneous branches. The 
C5 nerve root provides sympathetic innervation to the arteries of 
the head and neck. The C6 nerve root has fi bers to the subclavian 
artery and brachial plexus. The C7 nerve root has components sup-
plying the cardio aortic plexus, the subclavian and axillary arteries, 
and the phrenic nerves.

Cervical Sympathetic Nerves
The cervical sympathetic system consists of preganglionic and post-
ganglionic autonomic fi bers, as well as three cervical sympathetic 
ganglia. The preganglionic fi bers originate in the intermediolat-
eral gray column of the T1-5 spinal cord segments. In addition to 
efferent fi bers, small, nociceptive afferents (C fi bers) travel with the 
sympathetics and synapse in the upper thoracic cord as well. Noci-
ceptive input (pain transmission) from the cervical spine produces 
palpable musculoskeletal changes in the upper thoracic spine and 
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ribs, as well as increased sympathetic activity from this area (17,18). 
The three ganglia are the superior cervical ganglion, the middle 
cervical ganglion, and the inferior cervical ganglion. The fi rst 
thoracic and inferior cervical ganglia are fused, and this structure 
is referred to as the stellate ganglion. The largest ganglion is the 
superior ganglion, located at the C2-3 level. The middle ganglion, 
the smallest, is located at C6. The inferior ganglion lies between 
the transverse process of C7 and the 1st rib.

Sinuvertebral Nerve
The sinuvertebral nerve emerges distal to the dorsal root ganglion, 
but prior to the division into dorsal and ventral rami. This small 
branch recurs into the intervertebral foramen to reach the verte-
bral canal. The terminal branches supply the posterior longitudinal 
ligament, the periosteum on the posterior aspect of the vertebral 
body, the outer layers of the intervertebral discs, and the anterior 
surface of the spinal dura. The cervical sinuvertebral nerves supply 
the level of entry and the disc above.

Irritation of the small caliber primary afferent fi bers in the 
sinuvertebral nerve can refer pain several segments up or down the 
spinal cord, as well as to the contralateral side of the body.

The sinuvertebral nerve does not supply skeletal muscle or skin, 
so compression or damage to this nerve alone does not present with 
signs of denervation, weakness, or cutaneous analgesia. The sinu-
vertebral nerve contains only sensory and sympathetic fi bers, and 
is very sensitive to stretch and possibly ischemia. This anatomic 
correlation may be why cervical spine dysfunction can refer pain to 
the periscapular region, chest wall, and shoulder.

Proprioceptive Refl exes
Cervical spine position has a dramatic infl uence on proprioception 
and balance. There are more joint proprioceptors in the cervical 
facet joint capsules than in the thoracic and lumbar spine. Proprio-
ceptive refl exes from the cervical spine create a muscle response in 
the lower extremity. Rotation of the cervical spine in unconscious 
subjects causes involuntary, external rotation of the lower extremity 
in the direction of cervical rotation (20). Another phenomenon is 
cervical vertigo (21–23), in which proprioceptive input from sub-
occipital muscles and ligaments or the sternocleidomastoid muscle 
can produce vertigo.

Vascular Structures
The carotid, vertebral, and subclavian arteries supply the head and 
neck with arterial blood. The carotid arteries lie anterior to the 
cervical vertebra. The carotid pulse may be palpated for diagnostic 
purposes. Avoid pressure over the carotid arteries while palpating 
the cervical spine. The vertebral artery is the major source of blood 
supply for the cervical spine and the cervical portion of the spinal 
cord. The vertebral arteries typically originate off the subclavian 
artery (right vertebral) and aorta (left vertebral) and travel through 
the intervertebral foramen. They then enter the cranium through 
the foramen magnum. Just before joining, one or both of the verte-
bral arteries gives off a branch that joins with the branch from the 
other side and descends in the ventral medial fi ssure on the anterior 
aspect of the spinal cord as the anterior spinal artery. The verte-
bral arteries join together after passing through the foramen mag-
num to form the basilar artery. The vertebral artery can become 
occluded by thrombosis, which may be precipitated by injury to 
the artery as it passes through the intervertebral foramina and over 
the atlas. If patients complain in the history of symptoms referable 
to the vertebral artery, or there are related physical signs, vertebral 
artery tests should be done. Signs and symptoms that may indicate 
vertebral artery problems are listed in Box 38.1 (24). If there is 

clinical suspicion of vertebral artery compromise by the history, and 
physical fi ndings, high velocity low amplitude (HVLA) manipula-
tion of the cervical spine should not be attempted.

The venous system includes a valveless complex of veins in the 
spine that forms a continuous connection between the pelvis and 
the cerebral sinuses, connecting with the caval and azygos systems. 
The absence of valves allows the reversal of blood from the pelvis 
to the cervical spine. The venous system of the cervical spine drains 
into the brachiocephalic veins. Disorders such as heart failure may 
cause jugular venous distension, which is visible and palpable.

Disturbance of the vascular supply produces neurologic 
symptoms. Occlusion of a vertebral artery by thrombosis, dissec-
tion, or mechanical insult can cause a posterior circulation stroke 
with permanent neurologic sequelae. Thoracic outlet syndrome 
is a condi tion arising from compression of the vascular and neu-
ral components of the brachial plexus in the thoracic outlet. It is 
a diagnosis of exclusion. The brachial plexus and the subclavian 
artery pass through this space. There are three anatomic regions 
of compression. These include between the anterior and middle 
scalene, between the clavicle and 1st rib, and between the pecto-
ralis minor muscle and the costal cage. There are provocative tests 
used to differentiate the site of compression; however, they lack 
clinical specifi city and reliability (25). The tests must reproduce 
the patient’s symptoms as well as decrease his or her pulse. Symp-
toms such as paresthesia or hand weakness typically affect the 
ulnar side of the hand after an inciting activity or position is per-
formed. Typically, shoulder abduction and external rotation worsen 
the symptoms. Symptoms resolve within minutes of cessation of 
the activity. Occasionally, distal pulses are absent or decreased and 
digital cyanosis can be present. Tenderness may be present in the 
supraclavicular fossa. Some forms of thoracic outlet syndrome are 
associated with sympathetic autonomic dysfunction, which pro-
duces upper extremity symptoms. In this case, somatic dysfunction 
of the upper thoracic spine and ribs is etiologic. Venous return from 
the upper extremity is not impaired by scalene tension, as the sub-
clavian vein passes in front of the anterior scalene muscle.

Lymphatic Structures
The brain is devoid of lymphatic channels; vascular return from 
the cranium is venous. However, cervical lymphatic drainage is 
important. Infections and infl ammation from the head, ear, nose, 

Signs and Symptoms That May Indicate 
Possible Vertebral-Basilar Artery Problems
Signs and Symptoms That May Indicate Possible Vertebral-
Basilar Artery Problems (43,46)

• Malaise and nausea
• Vomiting
• Dizziness/vertigo
• Unsteadiness in walking, incoordination
• Visual disturbances
• Severe headaches
• Weakness in extremities
• Sensory changes in face or body
• Dysarthia (difficulty with speech)
• Unconsciousness, disorientation. Light headedness
• Dysphagia (difficulty swallowing)
• Hearing difficulties
• Facial paralysis
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and throat require effective lymphatic drainage. Superfi cial nodes 
must penetrate the general investing fascia to connect with the 
deep channels that return lymph to the vascular compartment in 
the thorax. The thoracic inlet must be free of motion restrictions 
to allow lymph to return. The use of fascial soft tissue stretching/
release facilitates lymphatic return, as lymph channels pass through 
the general investing fascia.

MOTION, POSTURE, AND BIOMECHANICS

The cervical spine is well suited for mobility and is less suited for 
bearing heavy loads. The saddle shape of each cervical vertebra pro-
vides its mobility and stability. The anterior column is composed of 
the vertebral body, longitudinal ligaments, and intervertebral disc 
and provides some weight-bearing capacity, shock absorption, as 
well as a fl exible structure. The posterior elements, composed of 
the osseous canal, the zygapophyseal joints, and the erector spinae 
muscles, protect the neural elements, act as a fulcrum, and guide 
movement of the functional unit. Precise control of head position 
and unrestricted movement is essential for normal functioning of 
the special senses.

Alterations in the degree of curvature in one area of the spine 
result in reciprocal alterations in curvature in other areas of the spi-
nal column to preserve the orientation of the body over the center 
of gravity. For example, an increase in lumbar lordosis results in 
increased cervical lordosis.

Gross Motion

The posterior longitudinal ligament limits fl exion of the cervi-
cal spine. Extension of the cervical spine is limited by the direct 
contact of the vertebral lamina, the zygapophyseal joints, and the 
poster superior spinous process. In cervical fl exion, the vertebral 
bodies separate, thereby opening the neural foramina. Compres-
sion of the nerve root is minimized because the fl exion of the neck 
not only angulates the nerve but also allows greater space for the 
neural elements by widening the neural foramina.

In cervical extension, the foramina narrow. The spinal cord 
ascends and descends in the spinal canal as the neck is fl exed and 
extended, respectively. In lateral bending or rotation, the foramina 
close on the side toward which the neck moves, while opening on 
the contra lateral side. The neural foramina is 20% to 30% larger in 
fl exion than extension (26). Normal cervical fl exion is 90 degrees, 
extension is 70 degrees, and rotation is 70 to 90 degrees (26).

Occipito-Atlantal Joint

The major motions at the occipito-atlantal (O-A) joint are fl exion 
and extension. Side bending and rotation are considered minor 
movements. There is approximately 20 to 25 degrees of fl exion/
extension at the occipito-atlanto-axial complex. The occipital con-
dyles converge anteriorly. The lateral portion of the atlas articula-
tion is more cephalad than the medial portion. Due to this anatomy, 
the occiput rotates and side bends in opposite directions. This glid-
ing motion is considered a minor movement of the joint and is the 
motion involved in occipital joint restriction.

Atlas-Axis Joint
The major motion of the atlas-axis joint is rotation. Half of the 
rotation of the cervical spine occurs at the atlas. Atlanto-axial 
(A-A) rotation averages 45 to 50 degrees, which represents about 
50% of the axial rotation in the neck, with the lower cervical spine 
contributing the other 50% of rotation. Cineradiographic studies 

show a signifi cant amount of fl exion and extension occurring at the 
atlas (27,28). This motion does not seem to be involved in somatic 
dysfunction of the atlas. Side bending is not a signifi cant compo-
nent of atlas movement. Cineradiographic studies have shown that 
during rotation, the atlas moves inferiorly on both sides, maintain-
ing a horizontal orientation (29). Side-bending restriction is usu-
ally not diagnosed or treated. The atlas rotates about the dens, and 
motion restriction of the atlas involves rotation. Motion testing 
primarily involves rotation testing.

C2-7
Motion of the typical cervical segments (C2 through C7) is similar 
to type II mechanics. Cineradiography shows that the cervical spine 
rotates and side bends to the same side. Type I (neutral) mechanics 
have not been identifi ed on cineradiography (30,31). The vertebral 
bodies of typical cervical segments are saddle shaped rather than fl at 
on the superior and the inferior surfaces. Side bending of the cervical 
spine can produce lateral translation into the convexity. Some osteo-
pathic physicians call this motion sideslip. The motion of the cervical 
spine as previously described is echoed by Bogduk and Mercer (32).

PHYSICAL EXAMINATION

There are important anatomical landmarks that help one to iden-
tify cervical structures. For instance, the angle of the mandible is 
at the level of the fi rst cervical vertebra. The transverse process of 
the second cervical vertebra is located between the angle of the 
mandible and the mastoid process. The hyoid bone is anterior to 
the third cervical vertebra. The thyroid cartilage is anterior to the 
fourth cervical vertebra. The sixth vertebra is at the level of the 
cricoid cartilage (16).

Inspection

The fi rst part of the physical examination of the neck involves 
observation/inspection. Surgical scars on the anterior portion of 
the neck most often indicate previous thyroid surgery or cervical 
fusion. Additionally, torticollis causes the head to be tilted toward 
the side with the contracted sternocleidomastoid muscle with rota-
tion in the opposite direction. Observe the skin for color changes. 
Look for asymmetry of position, including:

■ Flexion or extension
■ Side bending to the right or left
■ Rotation to the right or left
■ Anterior/posterior curves
■ Relationship of the head to the lateral weight-bearing line

The standing osteopathic structural exam does not exclude the neck. 
Therefore, it is important to perform a structural exam and look at 
the head and neck position in relation to body posture as well as 
gait. Following a structural examination, a neurologic examination 
should be performed. Following the neurological exam, active then 
passive range of motion is assessed.

ACTIVE MOTION TESTING

If the patient has neurological complaints or has sustained a 
signifi cant neck trauma, fi rst determine the amount the patient can 
move by active motion testing.

With the patient seated, ask him or her to:

■ Rotate to the right and left
■ Side-bend right and left (attempt to touch the ear to the shoulder)
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■ Flex or touch the chin to the chest
■ Extend or backward bend

If any of these motions produce neurological symptoms, imaging 
should be reviewed or obtained prior to further testing or treatment. 
The motions obtained during active motion testing should be recorded 
in degrees. On follow-up visits, physicians may elect to bypass active 
motion testing and proceed directly to passive motion testing.

NEUROLOGICAL EXAM

The neurological exam delineates upper motor neuron versus nerve 
root and/or peripheral nerve lesions.

SENSORY

Sensory changes are a subjective clinical fi nding and are affected 
by the patient’s emotional state, level of pain, and other factors. 
The sensory exam primarily involves testing the dermatomes 
from C5-T1, which are found on the upper extremity. The sen-
sory distribution of the upper cervical segments involves the neck, 
scalp, and suboccipital region. During nerve compression, sensory 
changes occur fi rst, followed by refl ex changes, motor weakness, 
and ultimately, muscle atrophy.

DEEP TENDON REFLEXES

Deep tendon refl exes should be bilaterally symmetric and equal 
between the upper and the lower extremities. It is not uncom-
mon for the patellar refl ex to be brisk; however, brisk refl exes in 
the upper extremities points to cervical spinal stenosis, or an upper 
motor neuron lesion. With age, refl exes are more diffi cult to elicit. 
The biceps refl ex has components from both C5 and C6. The bra-
chioradialis refl ex is primarily C6. The triceps refl ex is C6-7. The 
C8 root has no refl ex, so muscle strength is used to determine the 
integrity of the C8 nerve root.

Similarly, T1 has no deep tendon refl ex, so it is evaluated for 
its motor and sensory components only. The scapulohumeral refl ex 

tests the integrity of the cord segments from C4 to C6. The refl ex 
is elicited by striking the lower end of the medial border of the 
scapula. The response is adduction and lateral rotation of the arm. 
This refl ex tests the supply of the suprascapular (axillary) nerve to 
the infraspinatus and teres minor muscles.

MOTOR

True muscle weakness is one of the most reliable indicators of per-
sistent nerve compression.

Motor strength quantifi cation by physical examination is not 
precise; there are different grading regimes and considerations 
such as age of the patient and whether the muscle is weight bear-
ing or not. A signifi cant amount of motor strength must be absent 
before any consistent detection of weakness is made on the basis 
of a physical examination. Motor strength testing of the lower 
cervical spine (C5-T1) is routinely used during the clinical exam. 
Performing strength testing in sequence of each nerve root is time 
effi cient. Start with the muscles supplied by the C5 root and prog-
ress to the T1 level. The upper cervical segments and their nerve 
roots are clinically tested less frequently. Table 38.1 summarizes 
each nerve root, the muscle it supplies, and the motion required to 
test it.

Upper Motor Neuron Tests

Upper motor neuron lesions present with hyper-refl exia, spasticity 
of the involved muscles, and a loss of fi ne motor control. Patients 
also develop a positive Babinski refl ex or a Hoffmann refl ex.

The Hoffmann sign can be elicited by placing the patient’s 
middle phalanx of the third digit across the DIP joint of the exam-
iners third digit on the dominant hand, with the palm facing down. 
Next, by placing the patient’s 3rd digit in slight extension, the DIP 
joint is “fl icked” downward by the examiner’s thumb. An invol-
untary fl exion of the DIP joints of the patient’s thumb and little 
fi nger is a positive test (47). This sign is equivalent to the Babinski 
sign in the lower extremity.

T A B L E  3 8 . 1

Neurology of the Cervical Nerve Roots

Disc Root Reflex Muscle Motion to Test Sensation Nerve

C4-5 C5 Biceps Deltoid Shoulder abduction Lateral arm over Axillary
Shoulder flexion Deltoid
Shoulder extension

Biceps Elbow flexion
C5-6 C6 Brachioradialis Biceps Elbow flexion Lateral forearm Musculocutaneous

Wrist extensors
C6-7 C7 Triceps Triceps Elbow extension Middle finger C7

Wrist flexors Wrist flexion
Finger extensors Finger extension

C7-T1 C8 None Finger flexors Finger flexion Ring/little finger C8
Distal forearm

T1-2 T1 None Finger 
abductors

Finger abduction Medial arm Medial brachial 
cutaneous

Source: Hoppenfeld S. Physical Examination of the Spine and Extremities. Appleton, WI: Century, Crofts, 1976:120–124; chap 4.
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Nerve Roots

Testing the muscles innervated by the brachial plexus begins with 
the deltoid and biceps muscles. The deltoid is innervated almost 
entirely by C5, while the biceps has a dual innervation from both 
C5 and C6 (34). The next muscle group that should be tested is 
the wrist extensors. This muscle group has primarily C6 innerva-
tion, with some innervation from the C7 nerve root (34). Elbow 
extension, a function of the triceps, as well as the wrist fl exor group 
can be used to test the C7 nerve root. The next motor group to be 
tested is the fi nger fl exors. The two muscles that fl ex the fi ngers are 
the fl exor digitorum superfi cialis and the fl exor digitorum profun-
dus. These muscles are tested by having the patient curl the fi ngers 
around the examiner’s index and 3rd digit while the examiner tries 
to pull out of the grip. Examining the intrinsic muscles of the hand 
tests the T1 neurologic level. The fi nger abductors, innervated 
by the ulnar nerve and largely the T1 root, consist of the dorsal 
interossei and abductor digiti quinti (34).

SPECIAL TESTS

Distraction Test

This test demonstrates the effect of neck traction in relieving a 
patient’s neck pain. By widening the foramina, distraction relieves 
pain caused by a narrowed neural foramina and resulting nerve 
root compression. Distraction also relieves pain in the cervical 
spine by decreasing pressure on the joint capsules around the facet 
joints (34).

Compression Test

Compression can cause increased pain by narrowing the neu-
ral foramen, putting pressure on the facets, or initiating muscle 
spasm (34).

Valsalvas Test

This test increases the intrathecal pressure. If a space-occupying 
lesion, such as a herniated disc or tumor, is present in the cervical 
canal, the patient may develop pain in the cervical spine secondary 
to increased pressure (34).

Spurling Maneuver

This is a test of nerve root compression or irritation. This maneu-
ver is designed to provoke the patient’s symptoms. The test is done 
in three stages, each of which is more provocative. If symptoms are 
produced, one does not proceed to the next stage. The fi rst stage 
involves compression with the head in neutral. The second stage 
places the head in extension then adds compression. The fi nal stage 
places the head in Sidebending away from the effected side then 
toward the effected side and adds compression. A positive test is 
indicated by dermatomal pain down the arm in the distribution of 
the nerve root indicating nerve root compression. The Spurling 
test had a sensitivity of 30% and a specifi city of 93%; thus, it is 
useful in confi rming the absence of a cervical radiculopathy when 
negative (35).

Lhermitte Sign

The patient is in the long sitting position on the examiner’s table. 
The patient’s head and hip are fl exed simultaneously. A sensation 
of lightning-like paresthesias or dysesthesias in the hands or legs 

upon cervical fl exion is a positive test. This sensation is most often 
caused by multiple sclerosis or a large disc herniation impinging 
the anterior spinal cord, causing a cervical myelopathy (35).

Scapular and shoulder movements should also be tested.

PERIPHERAL NERVES

There are three common syndromes associated with compression of 
the median nerve. These include the pronator syndrome, carpal tun-
nel syndrome, and the anterior interosseous syndrome. These syn-
dromes can mimic radiculopathy from the C6-8 and even T1 nerve 
roots. The ulnar nerve has two common areas of entrapment. The 
most common location of ulnar nerve entrapment is the elbow in the 
cubital tunnel. The ulnar nerve may also be compressed at the wrist 
in Guyon canal (36). These syndromes can mimic radiculopathy 
from the C6 and C7 nerve roots. The radial nerve is most commonly 
compressed at the elbow. Radial tunnel syndrome is a compression 
neuropathy of the radial nerve between the supinator muscle and the 
radial head just proximal to its entrance into the supinator muscle.

HEENT AND ANTERIOR NECK EXAM

It is possible for the temporomandibular joint, dental disease, 
upper respiratory infections, thyroid conditions, and problems of 
the shoulder to refer pain to the neck. Therefore, it is important to 
examine the eyes, ears, nose and throat, the thyroid, and the cervi-
cal lymph nodes in patients with neck pain.

SHOULDER EVALUATION

In cases in which it is diffi cult to differentiate intrinsic shoulder 
pathologic changes from referred cervical pain, it is possible to do 
an intra-articular injection of lidocaine (with or without steroid). 
Within 10 to 15 minutes of injection, it is generally possible to 
eliminate the component of pain that is due to intrinsic shoulder 
pathologic changes.

Palpation and Terminology

The cervical spine may be palpated in the seated position or in the 
supine position. Tissues on the anterior and lateral portions of 
the neck can be comfortably assessed with the patient seated and 
the physician standing behind the patient. Palpate muscle tension, 
tenderness, and tissue texture abnormality (scalenes, SCM, and 
trapezius). Passive motion testing to evaluate the ability of muscles 
to lengthen is sometimes performed (e.g., sidebend the cervical 
spine to evaluate scalene tension).

Palpation of the cervical spine with the patient supine allows for 
a detailed evaluation of tissue texture abnormality and tenderness 
surrounding the cervical spine. The suboccipital region contains 
muscles that are more lateral than the mid and lower cervical region, 
so paraspinal palpation must involve a more lateral placement of the 
fi ngers. Signifi cant suboccipital tissue texture abnormality is usu-
ally associated with changes in the ipsilateral upper thoracic and rib 
angle area. Palpation over the posterior portion of the articular pil-
lars reveals local muscle hypertonicity, tenderness, and tissue texture 
abnormality associated with segmental dysfunction. These changes 
are usually apparent with rotational restriction.

Palpate the lateral margins of the articular pillars (locate fi ngers 
laterally and direct the palpatory force medially) to reveal tenderness 
and tissue texture abnormality over the convex (anterior compo-
nent) side of segmental dysfunction. For example, given C4 rotated 
and side-bent right (restriction rotation and side-bending left), the 
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posterior portion of the articular pillar is tender on the right side; 
the lateral margin of the articular pillar is tender on the left side.

The terms open facet and closed facet are sometimes applied as 
positional descriptors of cervical spine somatic dysfunction. Flex-
ion motion (in a normal spine without motion restriction) causes 
the facets to open, and extension motion closes the facets. Side-
bending motion with coupled rotation to the same side produces 
a concave side and a convex side. The facets on the concave side 
are closed while the facets on the convex side are open. Given a 
condition of C5 extended, rotated, and side-bent right (restriction 
of fl exion, rotation, and side-bending left), the right side is the con-
cave side and the left side is the convex side. In motion testing, 
extension is free, so both facets close. During fl exion motion test-
ing, the facet on the right side is closed and resists opening. This 
produces palpable asymmetry in which the right transverse process 
(technically, the articular pillar) is more posterior, and the paraspi-
nal muscle over C5 right is tight and palpable.

Segmental Diagnosis by Passive Motion Testing

Regional Motion
Test the range of regional cervical rotation, side bending, fl exion, 
and extension with the patient in the supine position. Evaluate 
these motions by contacting the head bilaterally and introducing the 
motions through the head. The range of extension may be diffi cult 
to evaluate with the patient supine because the table gets in the way.

Segmental Motion
The experienced clinician tests those segments in which palpation 
and screening motion tests suggest a problem. The suboccipital 
area can be confusing. Neurologically, C1 and C2 are considered a 
common neurologic segment. Hyperactivity of the C1-2 segment 
potentially involves three joints: the O-A joint, the A-A joint, and 
C2/3. Therefore, positive palpatory fi ndings in the suboccipital 
region demand testing of these three joints. Each joint is different 
in its motion, so they must be individually tested.

Occipital Motion Testing of C0–1

Lateral Translation Test
The physician stands or sits at the head of the supine patient. 
Grasp the head with both hands, with the fi ngertips of the index 
and middle fi ngers over the occipital articulation (Fig. 38.1).

Translate the head to the right and to the left, evaluating freedom 
or resistance. A more precise method is to perform the lateral trans-
lation test in fl exion and in extension. Flex the occiput (O-A), and 
then translate to the right and to the left. Then extend the occiput 
and translate to the right and to the left. Restriction of right transla-
tion with freedom of left translation suggests an occiput rotated left 
and side-bent right (occiput posterior left). If translation is done in 
fl exion and extension, restriction is encountered when the barrier is 
engaged. Restriction of right translation in the fl exed position sug-
gests an occiput that is extended, rotated left, and side-bent right 
with restriction of fl exion, rotation right, and side bending left.

There are two O-A joints, one on each side. Given a condition 
of occiput rotated right and side-bent left, the dominant restric-
tion, tenderness, and tissue texture abnormality may be on the right 
side or it may be on the left side. In treating this dysfunction with 
high-velocity technique, it may be appropriate to localize force 
precisely to one side or the other. The terminology that has been 
used by the osteopathic profession for years is positional terminol-
ogy. This in no way implies that positional diagnosis is preferred; 
identifi cation of motion restriction is imperative. In the above 

example of the occiput rotated right and side-bent left, the right 
side is called posterior occiput and the left side is called anterior 
occiput. A posterior occiput right exhibits motion restriction, tissue 
texture abnormality, and tenderness on the right side. An anterior 
occiput left exhibits motion restriction, tissue texture abnormality, 
and tenderness left. Do confi rmatory motion tests. Focusing on 
one side at a time, assess freedom of fl exion and extension. The 
posterior occiput side exhibits restriction of extension. The anterior 
occiput side exhibits restriction of fl exion.

Atlas Motion Test

The atlas rotates in relation to the axis and becomes restricted in 
rotation. The motion test of atlas function is a rotation test. It is 
convenient to isolate cervical rotation to the atlas by fl exing the 
cervical spine prior to rotation. This produces physiologic locking 
of C2-7. This is an example of the third principle of physiologic 
motion of the spine. Flexion of C2-7 effectively eliminates rotation 
in this area.

Stand or sit at the head of your supine patient. Grasp the head 
with fi ngertips contacting the lateral mass of the atlas. Flex the cer-
vical spine. Rotate to the right and to the left, assessing the range 
of motion and freedom or resistance (Fig. 38-2).

A right-rotated atlas exhibits restriction of left rotation. Osteo-
pathic positional terminology for this dysfunction is posterior atlas 
right. Flexion, extension, and side-bending motions are not tested.

Some osteopathic physicians refer to an anterior atlas. The 
anterior side is opposite the posterior atlas. Given an example of 
atlas rotated right with restriction of left rotation, the right side 
would be the posterior atlas side. If the left side exhibited ten-
derness and tissue texture abnormality, it would be referred to as 
an anterior atlas left. These are not common, but when present, 
they are very symptomatic and tender. Retro-orbital pain is often 
associated with an anterior atlas.

C2-7 Motion Testing

Flexion and Extension Test
At a segmental level, C2-7 motion is diffi cult to assess by directly 
fl exing and extending, although this has been the method used by 

Figure 38-1 Lateral translation test for occipital motion.
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many osteopathic physicians in the past. The lateral translation 
test, which was used extensively by the muscle energy tutorial com-
mittee (15), provides a more precise method of evaluating fl exion 
and extension while evaluating side bending.

Lateral Translation Test
The lateral translation test is similar to the occiput lateral translation 
test, except that the hand placement is on the cervical region with 
the fi ngertips over the lateral portion of the articular pillars. Stand 
or sit at the head of the supine patient. Support the patient’s head 
with your hands while palpating the lateral border of the articular 
pillars. Localizing the force to one segment, test lateral translation 
to the right and to the left with the segment fl exed and with the seg-
ment extended. Restriction of right translation in the fl exed position 
suggests extension. Right side bending suggests right rotation with 
restriction of fl exion, left side bending, and left rotation (Fig. 38.3).

Rotation Test
Applying force to one segment at a time can do a rotation test. 
Rotation movement should follow the planes of the facets; 

therefore, the force is directed up toward the eye, rather than in 
a horizontal plane. Stand or sit at the head of the supine patient. 
Support the patient’s head, with your fi ngertips contacting the pos-
terior surface of the articular pillars. Rotate (following the plane 
of the facets) to the right and to the left, assessing restriction or 
freedom. Remember, any normal segment should rotate both ways 
with equal range and freedom. Restriction of right rotation of C5 
suggests a positional diagnosis of C5 left rotated, left side bent, 
with restriction of right rotation and right side bending. The pos-
terior transverse process is on the left (Fig. 38.4).

DIAGNOSTIC MODALITIES

Indications for Imaging

Patients with acute neck pain who are older than 60 years of age 
(malignant tumor) or younger than 15 years of age (benign bone 
tumor) should be considered for plain roentgenograms of the cer-
vical spine and determination of the erythrocyte sedimentation 
rate. Patients who sustain blunt trauma to the head or neck, those 
involved in high-speed motor vehicle accidents, or sports-related 
injuries should be imaged. There are imaging guidelines, such as 
the Nexus criteria, for use in the emergency department; however, 
these are only guidelines, and an adequate history is crucial to obtain 
when determining whether or not to image a patient. Although 
it is important to be cost effective, if there is any question about 
orthopedic injury in the patient’s neck, image the patient.

Cervical Spine X-rays

Plain roentgenograms remain the initial step in diagnostic imaging 
of the cervical spine because of their availability, speed, relatively 
low exposure of tissue to radiation, and reasonable costs. A cervi-
cal spine x-ray series includes a lateral view, an A-P view, an open 
mouth view, and two oblique views. Plain cervical spine x-ray fi lms 
are commonly used to evaluate the bony detail, alignment, disc space 
height, the neural foramina, and the facets. The lateral view of the 
cervical spine is the single most important view in evaluating degen-
erative conditions. The AP view of the cervical spine shows the cer-
vical vertebrae from C3 through T1. The fi rst two cervical vertebrae 
are generally hidden from view by the superimposed mandible and 
occiput and must be evaluated separately on an open-mouth (odon-
toid) view. The open-mouth (odontoid) view is useful for evaluating 

Figure 38-2 Rotation test for atlas motion.

Figure 38-3 Lateral translation test of C2-7. Figure 38-4 Rotation test of C2-7.
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the relationship of the occiput, atlas, and axis. In addition, this view 
detects erosive changes found with infl ammatory arthopathies. 
Oblique views are used to evaluate the intervertebral foramina, the 
pedicles, the lateral masses, and apophyseal joints.

In a neck-injured patient, the lateral x-ray is obtained fi rst and 
cleared before the other views are taken. The anterior retropharyn-
geal space should also be evaluated (should not exceed 5 mm). The 
posterior margins of the vertebral bodies, the facet joints, and the 
contour of the spinolaminar line should be evaluated for congru-
ity. As a general rule, on a standard lateral cervical spine fi lm, the 
spinal canal as measured from the posterior aspect of the vertebral 
body to the narrowest point on the spinolaminar line should be 
about 17 mm. If this distance is narrowed by a posterior osteophyte 
to a diameter of 13 mm or less, it is likely that there is spinal cord 
compression. An intervertebral disc space separation increase with 
traction of more than 1.7 mm is also abnormal. A difference in 
angulation more than 11 degrees between two cervical segments 
on a lateral radiograph also suggests instability (37).

Determination if a radiographic fi nding is an acute injury, 
an older injury, or due to degenerative changes is often diffi cult 
(37). A common fi nding in an older patient with chronic neck 
pain includes decreased disc space height, marginal osteophytes, 
narrowing of the neural foramina, sclerosis of the vertebral end-
plates and facets, and poor alignment of the spinolaminar line. The 
combined fi ndings indicate cervical spondylosis, a degenerative 
arthritic condition of the cervical spine. A common radiographic 
fi nding in acute neck spasm/pain includes a reversal of the cervical 
lordosis. This straightening of the cervical spine usually indicates 
muscle spasm; however, it may indicate an underlying disc injury, 
fracture or other problem.

CT Scan

CT scan provides more bony detail than plain fi lms and provides 
a better understanding of spatial relationships. CT is helpful in 
evaluation of spinal stenosis, infections with paraspinal abscesses, 
postsurgical epidural scarring, facet and uncovertebral joint arthri-
tis, primary metastatic tumors of the cervical spine, and trauma to 
the spinal column. CT can also visualize the medullary portion of 
the vertebral body and detect bone destruction before changes are 
visible on plain roentgenograms.

CT is particularly useful in the diagnosis and assessment of 
trauma because the patient is stationary during the procedure, limit-
ing the hazards of moving the patient. Small fragments of bone that 
may not be detectable by plain roentgenogram are more easily seen 
on CT scan (38). A CT scan is better than an MR image for bone 
detail in identifying bone tumors. CT scans may be combined with 
myelography to outline the spinal cord and nerve roots. Evaluation 
of the craniocervical and cervicothoracic junctions can be diffi cult on 
a plain roentgenogram but is much easier with the CT examination.

MRI

The MR image of the cervical spine visualizes the vertebral column, 
intervertebral discs, spinal canal, spinal cord, and cerebrospinal fl uid 
(CSF). Although more expensive, it is the preferred study in the 
evaluation of the discs and spinal cord. It is the preferred imaging 
modality for syringomyelia, cord atrophy, cord infarction, traumatic 
injury to the cord, and intramedullary tumors or multiple sclerosis 
affecting the spinal cord. When evaluating disc herniations, MRI 
can differentiate the annulous fi brosus from the nucleus pulposis. 
The MRI is also useful to evaluate postoperative scarring. Many 
asymptomatic patients have disc protrusions on MRI; therefore, 

the history, physical fi ndings, and scan should always be correlated 
together before embarking on a treatment plan (38).

Treatment of Neck Pain: 
General Treatment Guidelines

In the treatment of neck pain, the clinician must rule out urgent con-
ditions that need expeditious treatment. He must determine if neuro-
logic compromise is present, and if the patient needs to be seen in the 
emergency department, or if they can be treated as an outpatient.

The following are treatment guidelines for symptomatic, 
unstable cervical spine problems:

1. Avoid high-velocity manipulation of the cervical spine.
2. Decrease muscle tension. Treatment of the upper thoracic spine 

and ribs is essential to accomplish this goal.
3. Counterstrain, cranial, and indirect techniques are the least 

traumatic to the neck. Muscle energy technique, if done with-
out pain, is appropriate.

4. Traction, with proper direction of force, is appropriate.

If the initial conservative treatment fails, symptomatic patients 
may be separated into two groups.

If no symptomatic improvement is achieved after 6 weeks of 
medical nonoperative therapy, plain roentgenograms should be 
taken and carefully examined. Patients who have no specifi c diag-
nosis and have pain that is resistant to a 12-week trial of medical 
nonoperative therapy are considered to have chronic neck pain. 
The primary goal for therapy with chronic neck pain is maximum 
function, not pain relief.

Common Treatments for Neck Pain

Injections
If there is no signifi cant improvement in symptoms in 3 to 4 weeks 
in patients with local neck pain, local injections into palpable tender 
points or trigger points can be benefi cial. Patients with chronic neck 
pain may undergo facet injections, or epidural steroid injections. A 
pain specialist usually performs these. Some patients with chronic 
neck pain may benefi t from a stellate ganglion (sympathetic) block. 
A successful sympathetic block is manifested by the development 
of Horner’s syndrome, including ptosis, miosis, and anhidrosis.

Collars
Collars are needed in a small proportion of patients. The collar ini-
tially should be worn continuously, day and night. The use of collars 
can cause the patient’s neck muscles to become weak, so use the col-
lar for as brief of a time as benefi cial. For patients with acute inter-
vertebral disc problems, the use of a collar is generally used for 2 to 
3 weeks, slowly decreasing the time worn. Isometric strengthening 
exercises should be instituted as their pain permits to allow enough 
neck muscle strength for them to return to full activity. Some 
patients with acute cervical spine fractures may require immobiliza-
tion of the neck with a hard plastic collar. These are generally worn 
from 1 to 3 months, or until bony fusion is seen on x-ray.

Medications
Another component of the initial treatment plan is drug therapy. 
Anti-infl ammatory drugs, analgesics, and muscle relaxants usually 
improve patient comfort and are commonly used in conjunction 
with gentle OMT, stretches, ice or heat, and cervical spine support. 
The use of muscle relaxers is indicated for short-term painful mus-
cular conditions. They can cause drowsiness and decrease a patient’s 
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reaction time, so caution should be exercised if the patient is driv-
ing or caring for young children. It is better to prescribe these for 
night time use to help the patient sleep. Analgesics help decrease 
the pain-spasm-pain cycle that can maintain a patient’s symptoms. 
Anti-infl ammatory drugs (NSAIDs) are useful, if the patient does 
not have a history of gastritis, refl ux, or peptic ulcer disease.

Treatment of Specifi c Clinical Syndromes

Cervical Myelopathy
Cervical myelopathy occurs secondary to compression of the spinal 
cord (and nerve roots) in the cervical spinal canal. Historical ques-
tions should include a change in gait, balance, paresthesia, or loss of 
agility in their hands (39). Progressive and profound upper motor 
neuron signs, including weakness, spasticity, and gait abnormali-
ties, are the clinical manifestations of myelopathy. The main lower 
motor neuron (radicular) signs are weakness with loss of tone and 
volume of the muscles in the upper extremity. Pressure on the spi-
nal cord may produce pyramidal tract signs and spasticity in the 
lower extremities. The most frequent presentation of myelopathy is 
a combination of arm and leg signs and gait disorder (39). Patients 
who have the above signs, but do not have cervical myelopathy, 
should be evaluated for an underlying systemic medical illness as 
the cause of their neck pain. OMT in these patients may occur 
postoperatively, or if not a surgical candidate, with caution. Avoid 
positions that close down the cervical canal, such as cervical exten-
sion and rotation. Keep a few pillows under the patients’ neck and 
have them place their feet on the treatment table to keep down 
dural tension. Indirect techniques and cranial techniques may help 
symptomatically.

Cervical Radiculopathy
Cervical root irritation from compression by osteophyte or disc 
protrusion produces nerve-related symptoms in the upper extrem-
ity, such as pain, numbness, or muscle weakness. The hallmark of 
this condition is that the pain and physical fi ndings usually follow a 
specifi c nerve root (39). Careful neurologic testing reveals the nerve 
root dysfunction (see Table 38.1). Look for sensory loss, motor 
weakness, and decreased deep tendon refl exes. Palpable fl accidity 
of arm muscles may be present. Correlate the sensory dermatome, 
deep tendon refl ex, palpatory fi ndings and motor weakness with the 
specifi c disc level in the cervical spine. Remember that sometimes 
the nerve root irritation is intermittent and insuffi cient to produce 
any neurologic defi cit. Occasionally, cervical radiculopathy may be 
confused with a brachial plexopathy. In the latter, irritation of the 
plexus in the axilla due to lymphadenopathy, radiation, traction, or 
trauma will also produce arm/hand symptoms. Remember that the 
upper portion of the brachial plexus innervates the thumb and the 
lower portion of the brachial plexus innervates the small fi nger.

In the acute situation, HVLA technique should be avoided at 
the level of herniation, as this vertebral level is considered to be 
unstable. HVLA may be used for articular dysfunctions distant 
from this spinal level, particularly the upper thoracic spine and 
ribs, as treating the upper thoracic spine and ribs is crucial in this 
scenario. Cervical root irritation usually produces a refl ex change 
in the interscapular area, which then produces arm symptoms. 
A recalcitrant interscapular problem might be due to a refl ex from 
the cervical spine. Many patients with cervical root problems expe-
rience shoulder pain when they lie supine on the table. Often, 
extension of the neck exacerbates the symptoms. In addition to 
spinal nerve root encroachment, diseases that directly affect the 
brachial plexus may result in a variety of upper extremity symp-
toms that must be distinguished from cervical root syndromes. The 

patients with arm pain predominant (brachialgia) refractory to 
nonoperative management may have symptoms due to mechanical 
pressure from a herniated disc or hypertrophic bone and secondary 
infl ammation of the involved nerve roots.

Systemic Concerns
Constitutional symptoms of fever or weight loss are suggestive of 
an infection or tumor. Infi ltrative lesions of the spinal cord and 
tumors of the spinal column are associated with nocturnal increase 
in pain. Benign tumors tend to involve the posterior elements of 
vertebrae, whereas malignant tumors affect the vertebral bodies. 
Acute localized bone pain is usually associated with either fracture 
or expansion of bone. Localized cervical bone pain may be sec-
ondary to a systemic process that replaces bone (Paget disease) or 
a local tumor (osteoblastoma). Any condition that replaces bone 
with abnormal cells (tumor or sarcoidosis) or increases mineral loss 
from bone (hyperparathyroidism) weakens bone to the point at 
which fracture may occur spontaneously or with minimal trauma.

Morning stiffness of the neck lasting for hours is a common 
symptom of patients with spondyloarthropathies, or rheumatoid 
arthritis. Patients with this symptom should have cervical x-rays 
including a fl exion-extension view of the cervical spine to detect 
subluxation. Patients with rheumatoid arthritis of the neck should 
not have HVLA of the cervical spine, as they are prone to AA 
instability and subluxations.

Patients with visceral pain have neck pain secondary to disorders 
in the cardiovascular, gastrointestinal, or neurologic systems. Patients 
with a visceral cause of their neck pain (angina, thoracic outlet syn-
drome, and esophageal disorders) have symptoms that affect struc-
tures distal to the cervical spine and recur in a regular pattern. Patients 
may complain of neck and arm pain that occurs with exertion.

Patients with neck pain and fever should be evaluated for any 
change in mental status or severe headaches. These individuals 
should have a lumbar puncture and their CSF examined for infl am-
matory cells, increased protein, or decreased glucose concentration 
compatible with meningitis.

Somatic Dysfunction
The osteopathic physician needs to determine if somatic dysfunc-
tion is present and signifi cant. The clinician also need to determine 
if OMT is indicated or not, and potentially benefi cial. Magee (38) 
discusses a précis of cervical spine assessment that includes joint 
play considerations in the evaluation of the patient with neck pain. 
It must be understood that OMT is used to treat somatic dysfunc-
tion, not just “neck pain.” If no somatic dysfunction is present, no 
OMT is required. If a diagnosis of somatic dysfunction has been 
made and there is no contraindication, OMT may be performed. 
The type of OMT should be based on the patient’s clinical condi-
tion and physician’s experience and skill. The technique(s) should 
be safe, effective, and appropriate for the diagnosis made.

Concern has arisen over the years for the safety of cervical 
HVLA technique. HVLA in the cervical spine is a safe technique 
and indicated for articular somatic dysfunctions in the neck that 
have a distinct fi rm end-feel to their restrictive barriers. It needs to 
be performed precisely, gently, and in the appropriate patient. The 
American Osteopathic Association (AOA) has published a position 
paper on HVLA manipulation in the cervical spine. After consid-
erable review of the literature, they have concluded that HVLA 
manipulation of the neck is a safe procedure with an incidence of 
severe injury to be 1/400,000 manipulations (40). It is the position of 
the AOA that all modalities of OMT for the cervical spine, includ-
ing HVLA (thrust), should be taught at all levels of education, and 
that this method of treatment should be offered to patients. Other 
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forms of osteopathic manipulation used for the cervical spine have 
not been shown to cause signifi cant injury or harm to patients.

Suboccipital Pain

Suboccipital symptoms of tension and tissue change are almost 
always associated with upper thoracic and rib problems on the 
same side. It is important to treat the upper thoracic area fi rst 
because of sympathetic infl uence and muscle connections. Testing 
the sub-occipital area before and after treatment of the upper tho-
racic reveals a signifi cant decrease in suboccipital fi ndings. Always 
diagnose and treat the atlas, as 50% of cervical rotation comes from 
its articulations. Cranial osteopathy is very useful in this situation 
as well. Cranial base dysfunction is related to the cervical spine, 
as the occiput, atlas, and C2 is a functional unit. O-A myofascial 
release is a simple, direct procedure that improves motion of these 
articulations and soft tissues.

Whiplash

Whiplash injuries occur primarily after rear-end motor vehicle col-
lisions but may also occur during sports, falls, or on-the-job inju-
ries. The mechanism is an acceleration-deacceleration event that 
leads to soft tissue injury and other “whiplash associated disorders” 
(WAD) (41). Acute extension trauma (whiplash) with injury to 
fl exor muscles takes prolonged time to treat. Counterstrain, indi-
rect fascial release, and cranial techniques are most appropriate for 
initial treatment. The sequence of treatment is as follows: the tho-
racic spine, the suboccipital area, and fi nally, the rest of the cervical 
spine. The upper thoracic acts as a functional base for the neck. 
The clinician should always look for an extended (fl exion restric-
tion) upper or midthoracic somatic dysfunction and initially treat 
it with indirect techniques. Gross cervical motion testing reveals 
restriction of rotation and side bending to the same side. The 
cervical prevertebral muscles (scalenes, longus group) are usually 
involved in acute neck problems and should be addressed only 
after the upper thoracic spine has been treated. For example, SCM 
shortening causes rotation and side bending to opposite sides. 
Counterstrain of the SCM and other anterior/posterior cervical 
tender points is a valuable initial treatment. In addition, releasing 
the abdominal diaphragm (redoming) by gentle ventral abdomi-
nal inhibition is a useful consideration. This resets the autonomics, 
removes traumatic myofascial strain, and lets the patient breathe 
more fully. Cranial treatment for any strains or simply to relax the 
autonomic nervous system can be used. When the patient can tol-
erate more direct treatment of the upper thoracic spine, treatment 
of the commonly found single segment extended dysfunction with 
HVLA technique is critical to his or her overall improvement.

Acute Spastic Torticollis

Acute Torticollis with massive neck muscle spasm causes motion to 
be painful and limited. The SCM is usually involved. The SCM is 
innervated by the spinal accessory nerve, a cranial nerve. Treat the 
cranial base with a direct myofascial release in hopes to alleviate 
any fascial compression to this nerve. Then use a muscle energy 
technique. Position the head at the midpoint of pain-free motion. 
Hold the head and ask the patient to turn the head toward the 
restriction and relax. Reposition the head a few degrees toward 
the restriction and repeat. Sometimes, a signifi cant improvement 
in range of motion is achieved. This technique is not classifi ed as 
direct or indirect, in that the barrier is not engaged nor is the neck 
positioned in the other direction. Instead, the neck is positioned in 
the middle, with the ultimate objective of reaching the barrier.

BEST EVIDENCE FOR NECK PAIN

The medical literature on neck pain from 1980 to 2006 has been 
critically reviewed by the Bone and Joint Decade 2000–2010 Task 
Force on Neck Pain and its associated disorders. Results of their 
comprehensive, systematic literature reviews have been published 
in Spine. They have evaluated the following topics related to neck 
pain (41–48):

■ Effectiveness and safety of noninvasive interventions
■ Course, risk factors, and prognosis of WAD
■ Gaps in the current literature
■ Epidemiology, assessment, and classifi cation of neck pain
■ Nonmodifi able and modifi able prognostic factors in neck pain
■ Course and prognosis of neck pain in the general population

The following statements regarding neck pain are derived by review 
from a best-evidence synthesis of the current published literature 
(41–48):

■ Neck pain is more common in middle-age women.
■ Genetics, poor psychologic health, and exposure to tobacco are 

risk factors to neck pain in the general population.
■ Manual therapies, patient education, and exercise are more 

effective than alternative strategies for patients with neck pain.
■ Cervical spine manipulation and mobilization provided short-term 

benefi ts for patients with acute neck pain and headache (40).
■ For subacute and chronic neck pain, spinal manipulation is 

more effective when compared with muscle relaxants or the 
usual medical care. Effi cacy was enhanced when combined with 
other modalities, such as exercise (40).

■ There are gaps in the literature when it comes to neck pain in 
children, neck pain related to culture and social policies, and the 
prevention of neck pain–related activity limitations.

■ Patients who undertook general exercise had a better prognosis; 
those with little infl uence on their own work, those with psy-
chological stress had a poorer prognosis.

■ Fifty percent of patients with whiplash associated neck pain will 
report neck symptoms 1 year after the injury.

■ Headrest, car seats (aimed at elimination head extension) in rear-
end impacts were associated with less repeating of “whiplash-
associated disorders,” as was eliminating insurance payments.

The reader is recommended to review the best evidence on neck pain 
as this knowledge is important in directing the care of patients.

RISKS AND BENEFITS OF MANUAL 
MANIPULATIVE TECHNIQUES IN 
PATIENTS WITH NECK PAIN

Risks

The potential risk from manual manipulative techniques used in the 
cervical spine is from thrust-type (HVLA) procedures. The potential 
risk is from hyperextension and rotation forces causing a vertebral 
artery dissection and stroke. Although a few case reports have been 
published on this topic in the past 100 years, the natural occurrence 
of spontaneous dissection and stroke is higher than that reported 
with thrust-type procedures (40). Because of concern over this 
topic in the literature, the AAO (March 2003) and AOA (August 
2004) developed position papers on osteopathic manipulation of 
the cervical spine. Their consensus after review of the literature was 
that they supported the appropriate use of cervical manipulation 
and the use of HVLA technique. (40) There have not been any 
complications from any of the manipulative treatment procedures, 
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provided in clinical trials, over the past 25 years (over 100 
publications) (40). There is still controversy in the medical lit-
erature on when or when not to use cervical thrust (HVLA) 
manipulation.

Benefi ts

There are many benefi ts to cervical manipulation. Some of the pri-
mary benefi ts include increased range of motion, decreased pain, 
improved activities of daily living, and shortened disability time 
(quicker return to work). Some secondary benefi ts include reduced 
reliance on medications (especially narcotics) and improved pos-
tural effi ciency (40).

These benefi ts may decrease the need and cost for physi-
cal therapy and, in some cases, prevent unnecessary injections or 
surgery.

SUMMARY

Manipulative treatment of the cervical spine can greatly assist heal-
ing of injury, pathology, pain, or dysfunction of the cervical region. 
Appropriate treatment of the cervical spine requires a thorough 
understanding of the anatomy, somatic dysfunction, and orthopedic 
and systemic conditions. OMT should be integrated throughout 
the treatment plan of patients with neck pain. Improving motion 
and tissue restrictions of the neck has far-reaching effects to other 
regions of the body.
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Thoracic Region and Rib Cage
RAYMOND J. HRUBY

INTRODUCTION

Because the heart and lungs are contained in the thorax, this 
region’s unique signifi cance in life has long been recognized. The 
inability to draw breath or the perception of pain in the thorax 
often constitutes real or imagined immediate and life-threatening 
problems. Movement of the thorax is necessary for normal func-
tion in both obvious and not-so-obvious ways. Because much of the 
regulatory outfl ow of the sympathetic nervous system originates in 
the thoracic spinal cord, disturbances in the muscles and joints of 
the thoracic region often mimic life-threatening problems. Injury 
to thoracic vertebrae can cause long-term sequelae for health and 
survival.

The most vital role of the thoracic region and rib cage is the 
contribution this region makes to the process of respiration. Res-
piration is a process involving the participation of several systems 
of the body, none the least of which is the musculoskeletal sys-
tem. As Cathie (1) noted, “Respiratory activity requires motion 
in a greater number of articulations and with a greater frequency 
than any other musculoskeletal function.” This not only includes 
the intervertebral joints of the thoracic spine but also the costo-
vertebral and costotransverse joints at the posterior aspects of the 
ribs. In addition to the articular motion, optimal respiration also 
requires a degree of elasticity of the ribs and costal cartilages. The 
biomechanical architecture among the vertebrae and ribs may be 
thought of as a complex system of levers; anything that alters the 
normal movement of this system of levers may impair respiration.

The complexities of the thoracic region and the vital impor-
tance of its organ systems underscore the necessity for the osteo-
pathic physician to understand its many functions, diagnoses, and 
potential treatment approaches. In diagnosis and treatment, it can-
not be considered as separate from the other body regions, because 
dysfunction in it or other regions is always interdependent.

DEFINITION

The thoracic region (also commonly referred to as the chest) is that 
portion of the trunk between the neck and the abdomen that con-
tains such structures as the heart, lungs, esophagus, the aorta and its 
branches, superior and inferior vena cavae, the trachea and primary 
bronchi, the thoracic duct, azygous and hemiazygous veins, and the 
sympathetic chain ganglia. The rib cage is the bony enclosing wall 
of the chest. It is a structure formed by the thoracic vertebrae, the 
ribs, the sternum, and the costal cartilages.

39
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■ The thoracic and rib cage regions together form a complex region of the body.
■ The most vital role of the thoracic and rib cage regions is the contribution to the process of respiration.
■ The biomechanical architecture of the thoracic and rib cage regions is a complex system of levers, alteration of 

which may impair respiration.
■ Much of the regulatory outflow of the sympathetic nervous system originates in the thoracic spinal cord.
■ Visceral afferent (generally nociceptive) neurons usually follow the same pathway as the sympathetic outflow.

ANATOMY AND PHYSIOLOGY

Skeletal Anatomy

The thoracic cage includes 12 thoracic spinal vertebrae, 12 pairs 
of ribs, and the sternum (Fig. 39.1). Although the scapula overlies 
the posterior portion of the rib cage, is connected to the sternum 
through the clavicle, and is often involved in thoracic injuries and 
pain syndromes, this structure is more properly considered a part 
of the upper extremity.

White and Panjabi, the noted clinical anatomists and authors, 
divide the thoracic spine into three anatomical regions:

■ Upper (T1-4)
■ Middle (T4-8)
■ Lower (T8-L1)

It is also helpful to divide the thoracic and upper lumbar spine 
into four functional divisions that roughly correspond to the thora-
columbar outfl ow of the sympathetic system:

■ T1-4: Sympathetics to head and neck, with T1-6 to the heart 
and lungs

■ T5-9: All upper abdominal viscera: stomach, duodenum, liver, 
gall bladder, pancreas, and spleen

■ T10-11: Remainder of the small intestines, kidneys, ureters, 
gonads, and right colon

■ T12-L2: Left colon and pelvic organs

This functional division is often very useful to the osteopathic 
physician, because visceral afferent (generally nociceptive) neurons 
usually follow the same pathway as the sympathetic outfl ow. Vis-
ceral disturbances often cause increased musculoskeletal tension in 
the somatic structures that are innervated from the corresponding 
spinal level through the viscerosomatic refl exes. Manipulative treat-
ment at that spinal level is used to reduce somatic afferent input 
from the associated facilitated segments, which, in turn, reduces 
somatosympathetic activity to the affected viscus (3).

Generally, the thoracic spine has a mildly kyphotic, forward-
bending curve that varies from person to person. In the osteoporo-
tic or older patients, the angle of this curve can become more acute, 
causing biomechanical problems and necessitating compensatory 
adaptation in other regions of the spine and in general posture. 
Individual thoracic vertebrae are parts of a continuum with the 
cervical and lumbar vertebrae; size increases from cervical to lum-
bar to account for increased weight bearing. The spinous processes 
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of the thoracic vertebrae are particularly large and easily palpated, 
pointing increasingly caudad from T1 through T9 and back to an 
almost anteroposterior orientation from T10-12.

Thoracic vertebral facet joints are plane-type synovial joints. 
The interarticular surfaces of these joints are smooth, shiny, com-
pact bone that is covered with hyaline cartilage. The joints are sur-
rounded by a thin, loose articular capsule that is lined with synovial 
membrane. The facet joints guide and limit gross, segmental, and 
coupled movements. The superior facets of each thoracic vertebra 
are slightly convex and face posteriorly (“backward”), somewhat 
superiorly (“up”), and laterally. Their angle of declination averages 
60 degrees relative to the transverse plane and 20 degrees relative to 
the coronal plane. A tool to remember the facet facing is the mne-
monic BUL (backward, upward, and lateral). This is in contrast 
to the cervical and lumbar regions, where the superior facets face 
backward, upward, and medial (BUM). Thus, the superior facets are 

BUM, BUL, BUM from cervical to thoracic to lumbar. In the lower 
portion of the thoracic spine, the superior facet surface begins to 
face more posteriorly than laterally, and at T12, it may even face 
medially, as part of a functional transition to the lumbar spine. The 
inferior facet of each thoracic vertebra faces in the opposite direc-
tion from the superior and has a slightly concave surface.

The thoracic vertebrae are separated by discs, as are the cervical 
and lumbar vertebrae. The discs act as shock absorbers and permit 
fl exibility between the vertebrae. Each disc is composed of an outer 
anulus fi brosus and an inner nucleus pulposus, a gel at the center 
of the disc that acts like a semifl uid hydrophilic ball bearing that, 
under sustained compression, becomes less hydrated and broader. 
The anulus fi brosus is composed of concentric lamellae of fi bro-
cartilage, running at right angles to the fi bers of adjacent layers. 
Its structural arrangement is more vulnerable to tears posteriorly, 
where the lamellae are thinner and less numerous. However, the 
restricted motion of the thoracic spine due to the attachments of 
the rib cage and the fairly broad posterior longitudinal ligament 
makes ruptured thoracic discs relatively uncommon. On the other 
hand, discopathy from trauma, aging, and degenerative disease is 
relatively common in the thoracic area.

The 12 sets of ribs correspond with the 12 thoracic vertebrae. 
All ribs are composed of a bony segment and a costal cartilage. 
Each rib has a cup-shaped depression in its bony segment where 
the costal cartilage fi ts into the costochondral joint and where the 
periosteum of the rib joins the perichondrium of the rib cartilage. 
The rib heads join with the thoracic vertebrae at the costoverte-
bral articulations. The heads of ribs 2 through 9 articulate with 
a demifacet on the vertebra above and below. For example, rib 2 
articulates by demifacets with T1 and T2. Unlike ribs 2 to 9, the 
heads of ribs 1 and 10 to 12 articulate with unifacets on their cor-
responding vertebrae. The transverse processes of vertebrae T1-10 
all form synovial costotransverse joints with the tubercle of the cor-
responding rib.

Ribs 1, 2, 11, and 12 are called atypical ribs. Rib 1 is the fl at-
test, shortest, broadest, strongest, and most curved. The subclavian 
artery and the cervical plexus are vulnerable to muscular compres-
sion where they pass over the 1st rib between the tubercles and 
attachments of the anterior and the middle scalene muscles (the 
so-called scalenus anticus syndrome). The latter is one of several 
conditions clinically labeled as thoracic outlet syndrome. The sub-
clavian vein may also be compressed between the 1st rib and the 
clavicle. Rib 2 is considered anatomically atypical because of its 
tuberosity that attaches to the proximal portion of the serratus 
anterior muscle. Ribs 11 and 12 are anatomically atypical because 
they do not have tubercles, do not attach to the sternum or other 
costal cartilages, and have tapered ends. These 2 ribs are also called 
fl oating or vertebral ribs. Rib 10 is sometimes considered atypical 
because of its single articulation between the rib head and T10.

The anatomy of the rib cage is shown in Figure 39.2. Anatomi-
cally typical ribs (3 to 9, and in most respects 10) have heads, necks, 
tubercles, angles, and shafts that connect directly or via chondral 
masses to the sternum. Rib 1 and ribs 2 to 7 connect directly with 
the sternum by their own individual cartilaginous synovial joints 
(rib 1 with a stable synchondrosis); therefore, they are often called 
the true ribs. Ribs 8 to 10 merge into a single cartilaginous mass 
that attaches to the sternum; therefore, these are called vertebral 
chondral ribs. Ribs 11 and 12 do not connect with the sternum and 
are hence called fl oating ribs. Because ribs 8 to 12 do not connect 
directly to the sternum, they are often called the false ribs.

The costovertebral joints between the heads of the ribs and the 
vertebral bodies allow gliding or sliding costal motions. The costo-
transverse joints at the tubercle of the typical ribs, with the facets at 

Figure 39-1 The thoracic region and its relationships.
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the tip of the transverse processes of their own vertebra, a synovial 
membrane, and a thin articular capsule, allow gliding and slight 
rotational motions. When these motions are restricted, respiratory 
movements are commonly impeded.

The sternum has three parts:

■ Head or manubrium
■ Body or gladiolus
■ Tail or xiphoid process

The superior portion of the manubrium cradles the clavicles at the 
sternoclavicular joints, forming the sternal notch or jugular notch, 
which is a landmark for several anterior thoracic strain/counter-
strain tender points. The sternal notch lies almost directly anterior 
to the T2 vertebral body. The manubrium joins the sternal body 
via a fi brocartilaginous symphysis, or secondary cartilaginous joint, 
called the sternal angle or angle of Louis. This joint lies anterior to 
the fourth thoracic vertebra. Because the 2nd rib attaches to the 
manubrium and sternal body with a synovial joint, the sternal angle 
is an anterior landmark for counting the ribs. The xiphisternal joint 
is located anterior to the ninth thoracic vertebra. It is also a hyaline 
cartilage symphysis that fuses into a synostosis in the fi fth decade.

Musculature

The muscles of the thoracic area are involved in:

■ Actions of the ribs and vertebrae
■ Posture
■ Head and neck control
■ Breathing
■ Locomotion
■ Stabilization of the extremities
■ Visceral function

Table 39.1 lists the major muscles of the thoracic area, with the 
action, proximal and medial attachments, distal and lateral attach-
ments, and innervation of each (4). It is especially important to note 
the action of each muscle, because altered tone in these muscles 
can affect the function of not only the bones to which the muscles 
are attached but other body areas as well. In addition, increased or 
decreased tone has the capacity to alter both general and microcir-
culation in a myriad of ways, such as altered homeostatic regulation 
and cellular immunity.

As with all muscles, the thoracic muscles are fed not only by 
circulatory elements but also by physiologically active trophic sub-
stances delivered directly by nerves (5). In addition, there is evi-
dence that the sympathetic nerve supply to striated and smooth 
muscles alters muscle tone and contractile forces. Therefore, the 
palpatory cues associated with altered muscle tone imply the pres-
ence of many differential diagnostic factors that are discussed 
throughout this text.

The larger muscles of the head, neck, shoulder girdle, and tho-
rax control much of the activity of the thoracic cage and help stabi-
lize the cervical and cranial areas, as well as the arms and shoulder 
girdle themselves. For example, the splenius capitus and cervicis 
muscles originate on the lower cranial and upper cervical areas and 
attach distally along the middle thoracic spine, as low as T6-T8 in 
some cases. Vertebral dysfunction in the upper thoracic areas can 
affect the action of these muscles, causing problems with motion 
outside the thoracic area in the head and neck. Lower down, the 
internal and external oblique muscles are generally viewed as trunk 
rotators, but they also attach to the lower ribs along with the dia-
phragm. Altered tone in these muscles can alter diaphragmatic and 
respiratory function and vice versa. Experienced palpation readily 
identifi es these relationships.

Of special note are the erector spinae groups (Fig. 39.3), which 
extend and side-bend the vertebral column, and allow smooth fl ex-
ion by gradually decreasing resistance to forward bending. These 
muscles are often involved in group or multiple movement dys-
function (i.e., altered coupling or non-neutral vertebral unit dys-
function), and are vulnerable to insult with unplanned movements 
or trauma. The deep back muscles, especially the rotatores and 
multifi dus, are also implicated in this type of problem. These small 
muscles are richly innervated with muscle spindles, which provide 
proprioception. In fact, one of their primary tasks is to signal posi-
tion and speed of motion of the vertebral column. (This task makes 
them important in the maintenance of posture and in directing 
movement.) They are also very vulnerable to sudden stretch and 
unplanned movement, which appears to alter the sensory input to 
the spinal cord and brain, with resultant development of altered 
motion and pain typical of vertebral somatic dysfunction (6–8).

The abdominal diaphragm is the primary muscle of respira-
tion. It forms the fl oor of the thorax and attaches to the xiphoid 
process, the internal surface of the inferior 6 ribs, the upper two 
(left) or three (right) lumbar vertebrae, and their intervertebral 

Figure 39-2 The bony anatomy of the rib cage and 
the naming of rib types.
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536 III • APPROACH TO THE SOMATIC COMPONENT

discs. Its fi bers converge into a common central tendon that has no 
bony attachment. When the diaphragm contracts with inhalation, 
it descends into the abdomen; when it relaxes during exhalation, 
it moves superiorly into the thorax. This up-and-down movement 
produces pressure gradients between the thoracic and abdominal 
cavities, and is important for both effi cient respiration and circu-
lation. Because there are one-way valves in the larger lymphatic 
vessels, the pressure gradients also enhance the movement of 
lymph and venous blood toward the heart. When the dome of the 
diaphragm is fl attened because of asymmetric load and/or tonus, 
respiration and lymphatic drainage from anywhere in the body 
become less effi cient. Thus, for example, it would not be surprising 
to have a lymphatic component in the lower extremity edema of 
COPD as well as vascular.

Three apertures occur in the diaphragm: one for the vena cava 
at about the level of T8, another for the esophageal hiatus at T10, 
and the third for the aorta at the level of T12 (Fig. 39.4). Dia-
phragmatic muscle fi bers are arranged so that when it contracts in 
inspiration, the vena caval opening dilates, permitting more venous 
blood to pass from the abdomen to the thorax; at the same time, 
the esophageal hiatus constricts to prevent gastric contents from 
rising in the esophagus. Its contraction has no infl uence on the 
aortic hiatus, which lies posterior to the diaphragm and does not 
truly pierce the diaphragm.

The diaphragm does most of the work of breathing under 
normal conditions and during moderately forced inspiration. With 
increased respiratory demands, accessory muscles of respiration 
become involved to move the ribs even more. The scalene muscles, 
attached to the upper 2 ribs, assist inhalation. Hypertonicity or 
hypotonicity of segmental intercostal muscles alters rib behavior, 
making breathing less effi cient. Actual spasm in these muscles can 
result in pain at rest or especially with each deep breath or cough. 
Quiet exhalation creates passive recoil of the lung as the diaphragm 
relaxes. Forced exhalation also involves the inferior internal inter-
costal and abdominal muscles, including the trunk rotators and 
erector spinae.

Osteopathic manipulative treatments can often restore or par-
tially rehabilitate altered diaphragmatic function. These treatments 

Figure 39-3 The erector spinae muscle groups of the thoracic region.

are designed to increase motion of the lower costal cage by freeing 
the diaphragm for better excursion. This, in turn, helps improve 
breathing mechanics and assists in venous blood return and lym-
phatic fl ow. This approach can be especially helpful for individuals 
with asthma, respiratory infections, loss of general lung compli-
ance, and associated disorders.

Lymphatics

As blood moves through the capillaries, fl uid fi lters into the inter-
stitial tissues. The return of interstitial fl uid through the lym-
phatic system is necessary for health and proper function, and is 
even more important when the patient has disease. The lymphatic 
system is illustrated in Figure 39.5. Lymphatic drainage from the 
lower half of the body is supplied by the thoracic duct (or left lym-
phatic duct). Smaller lymphatic vessels drain into the cisterna chyli 
in the abdomen. Trunks from the left side of the head, the left arm, 
and the thoracic viscera also empty into the thoracic duct before it 
drains into the junction of the left internal jugular and left subcla-
vian veins. In approximately 20% of the population, three trunks, 
the right jugular, the right subclavian, and the right transverse 
cervical, join to form the right lymphatic duct. The remainder of 
the population varies in the way the three trunks empty into the 
jugulosubclavian junction in the anterior neck. The right lymphatic 
duct enters the junction of the right internal jugular and right sub-
clavian veins (9).

In general, the superfi cial lymph vessels of the thoracic wall 
ramify subcutaneously and converge on the axillary nodes (2,3). 
The lymph nodes from the deeper tissues of the thoracic wall drain 
into three groups of nodes:

1. The parasternal (internal thoracic) lymph nodes. These are four 
or fi ve pairs of nodes located at the anterior ends of the inter-
costal spaces.

2. The intercostal lymph nodes, located in the posterior parts 
of the intercostal spaces in relation to the heads and necks of 
the ribs.

3. The diaphragmatic (phrenic) lymph nodes, located on the tho-
racic surface of the diaphragm.
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 39 • THORACIC REGION AND RIB CAGE 537

Connective Tissue and Fascia

Connective tissue unites and surrounds all other tissues. It is found 
between the cells of organs, as tendons of muscles, and as ligaments 
joining skeletal parts. Of special importance to the osteopathic 
physician are the fasciae of the body. These connective tissues sur-
round virtually all organs, muscles, and vessels (10). Fascial ele-
ments called the pericardium and pleura even surround the heart 
and lungs, respectively. Fascia is a fi brous tissue that is effectively 
wound around the invested organs at various angles.

The muscles of the thoracic cage are also invested with fascia. 
The internal thoracic wall is covered by a parietal layer of fascia 
called the endothoracic fascia. This deep fascia invests the internal 
intercostal, subcostal, and transversus thoracis muscles (10). This 
fascia blends with the periosteum of the ribs and sternum and 
with the perichondrial tissue of the costal cartilages. The endotho-
racic fascia also covers the superior surface of the diaphragm, thus 
becoming the superior diaphragmatic fascia. The endothoracic fas-
cia is also continuous with the prevertebral layer of the cervical 
fascia and with the scalene fascia (also called Sibson fascia), where it 
attaches along the inner border of the 1st rib. Behind the sternum, 
it is also continuous with the fascia of the infrahyoid muscles. This 
parietal thoracic fascia proceeds through the openings of the dia-
phragm to become continuous with the transversalis fascia of the 
abdomen. In addition, there are specialized fascial elements that 
comprise the pericardium, pleura, and mediastinum.

Trauma, chemical alterations of the bathing fl uids (immune 
changes), and other pathologic agents alter the angles of the fascial 
bands and change cross-linkages between the bands, causing altered 
tensions of the fasciae throughout the body. An increase in tension 
in the fascial sheets leads to altered interstitial fl uid (lymph) fl ows, 
decreased blood fl ow, and decreased effi ciency of organ function. 
Normalization of the fascial tensions returns the body to more effi -
cient function, thereby using less energy. Osteopathic manipulative 
techniques, including direct and indirect myofascial release, have 
been developed to address these problems in ways not generally 
found to be effective with most other manipulative techniques. The 
thoracic fasciae are often involved in dysfunction due to thoracic 
trauma.

Vascular Structures

The arterial blood supply to the thoracic viscera comes largely 
from branches of the descending thoracic aorta. These include the 
pericardial, bronchial, mediastinal, phrenic, posterior intercostal, 
and subcostal arteries. The venous drainage of the thoracic visceral 
structures is accomplished by way of a corresponding system of 
veins that parallel the arteries. Several other structures that partici-
pate in the venous drainage of the thoracic regional viscera are the 
superior vena cava, a short section of the inferior vena cava, and the 
azygous and hemiazygous system of veins.

The thoracic portion of the spinal cord derives its arterial blood 
supply from three longitudinal structures: a single anterior and two 
posterior spinal arteries. In addition, the posterior intercostal arter-
ies make contributions to the longitudinal arterial system (10).

The arterial blood supply to the walls of the thoracic cage 
comes from three main sources: the axillary and subclavian arteries, 
and the aorta. The axillary artery provides its contribution to the 
arterial blood supply of the thoracic cage walls by way of two of its 
branches: the superior thoracic and lateral thoracic arteries. The 
subclavian artery gives rise to the internal thoracic artery, which in 
turn provides arterial blood to the thoracic cage from the follow-
ing branches: anterior intercostal, perforating, and musculophrenic 
arteries. It also gives rise to the superior intercostal artery. The aorta 
gives rise to the posterior intercostal arteries. The superior inter-
costal artery branches into the fi rst and second intercostal arteries 
and then anastomoses with the third intercostal artery.

The venous drainage of the thoracic walls is accomplished by 
way of several venous structures. These include the internal tho-
racic veins, the anterior, posterior and superior intercostal veins, 
and the azygous and hemiazygous veins.

The arterial supply of the thoracic vertebrae and musculature 
is derived from branches of the posterior intercostal arteries. Each 

Figure 39-4 Apertures of the abdominal diaphragm.

Figure 39-5 The lymphatic system of the body.
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to be a dermatomal segmentation effect. Inherently, however, the 
function of the spinal cord is not segmented.

The spinal nerves exit through the intervertebral foramina, 
which identify their vertebral level. Each spinal nerve is numbered 
at the level at which it exits, except in the cervical region, because 
there are eight cervical nerve roots and seven cervical vertebra. 
Spinal nerve C1 exits above the atlas, and the eighth root exits 
below C7. All other roots exit below their corresponding verte-
brae. Because the intervertebral foramen is a bounded space and 
the nerve roots share that space with other tissues, the roots are 
especially vulnerable to pressure from herniated nucleus pulpo-
sus and even edema. Somatic dysfunction in a thoracic area may 
cause local edema and tissue tightening, which can exert pressure 
on the nerve root and, importantly, can alter blood and fl uid fl ows 
to and from the nerve sheaths. Such pressure can alter neural con-
ductivity in the affected roots, although the lack of proper blood 
and fl uid fl ow to the sheaths can cause irritability in the nocicep-
tors of the sheath, causing pain along the nerve distribution (11). 
Local disturbances can often be relieved with proper manipula-
tive treatment that is designed to restore proper motion and fl uid 
fl ow to the region. As stated previously, radiculopathy is somewhat 
rare in the thoracic region, although discopathy is less rare. These 
problems in the thoracic area are not easy to diagnose because of 
overlapping dermatomes and a lack of readily testable deep tendon 
refl exes.

The abdominal diaphragm receives its motor innervation 
through the phrenic nerves coming from C3-5. Perhaps more 
importantly, sensory nerves of the diaphragm innervate the medi-
astinal pleura, the fi brous pericardium, and the parietal layer of the 
serous pericardium (10). This relationship helps explain the very 
common palpatory fi ndings of cervical tension and somatic dys-
function associated with pericardial or diaphragmatic irritation 
that are mediated via the viscerosomatic refl exes. Manipulative 
treatment of the involved cervical segments is designed to amelio-
rate thoracic and diaphragmatic dysfunction through somatovis-
ceral refl ex pathways.

The ventral rami of the fi rst 11 thoracic nerves are called inter-
costal nerves (13). They are located between the ribs, although the 
12th thoracic nerve lies below the last rib and is thus called the 
subcostal nerve. Each of these nerves is connected to the sympa-
thetic chain ganglia via the white and gray rami communicantes. The 
intercostal nerves provide innervation chiefl y to the thoracic and 
abdominal walls. The fi rst six nerves provide innervation to the 
thoracic wall, with the fi rst two nerves also providing fi bers to the 
upper extremity. The lower fi ve nerves are distributed to the tho-
racic and abdominal walls, and the subcostal nerve innervates the 
abdominal wall and the skin of the gluteal area.

Parasympathetic innervation to the thoracic viscera and many 
of the abdominal viscera comes through the vagus nerve (cranial 
nerve X). These relationships are discussed in Chapters 9 and 10. 
Treatment of problems encountered in the function of the thoracic 
viscera must include assessment and treatment of cranial and cervi-
cal areas to normalize vagal function.

The majority of the outfl ow of the sympathetic system origi-
nates in the thoracic region. The distribution of the sympathetic 
system to almost every tissue and area of the body makes this sys-
tem a very important one for all body functions. It has become evi-
dent that the sympathetic system is vitally important in regulating 
immune function (13). The importance of the sympathetic nervous 
system for all body functions suggests that disturbances within the 
thoracic vertebra and their associated musculature that affect the 
function of the sympathetic system can have widespread conse-
quences. Identifi cation and treatment of somatic dysfunction in the 

posterior intercostal artery gives rise to a spinal branch, which 
provides arterial blood to its corresponding spinal vertebra, along 
with the spinal cord and meninges at that vertebral level. The spinal 
branch then further divides into medial and lateral musculocutane-
ous branches. The medial branch provides arterial blood to the spi-
nalis and longissimus thoracis muscles and a corresponding area of 
skin; the lateral branch provides arterial blood for the longissimus 
thoracis and iliocostalis muscles, the medial aspects of the latissi-
mus dorsi and trapezius muscles, and a corresponding area of skin.

There is a corresponding network of veins to provide for venous 
drainage of the thoracic spinal region. These include the anterior 
and posterior internal plexus of vertebral veins, the anterior and 
posterior external plexus of vertebral veins, and the basivertebral 
and intervertebral veins (10).

Neural Structures

The neural connections of the thoracic area are of vital importance 
to all body functions. Not only do the usual connections to the mus-
culoskeletal system exit the spinal cord in the thoracic region, but a 
large part of the sympathetic nervous system also originates in the 
thoracic region. The sympathetic innervation of the body is shown 
in Figure 39.6. An understanding of the relationships between the 
thoracic nerves, as well as their relationships to the bony landmarks 
is vital to understanding neurologic problems associated with the 
thoracic region.

The spinal cord, which runs from the brainstem to about the 
level of L3, is a continuous structure with no segmentation. During 
embryologic development, the spinal nerve bundles are gathered 
into spinal nerve roots that course between the encircling bones 
through the intervertebral foramina. This imposes what appears 

Figure 39-6 The sympathetic innervation of the body.
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tion.); the rib shaft is the handle of the pump, and the vertebral 
column is the pivot point (Fig. 39.8).

The vertebrosternal ribs (1 and 2) and vertebrochondral ribs 
(8 to 10) move about functional pivots posteriorly and anteriorly. 
Functionally, their shafts move laterally and superiorly during 
inhalation, increasing the transverse diameter of the costal cage 
(Fig. 39.9). This motion is referred to as bucket-handle motion 
(Fig. 39.10). The anterior/posterior diameter of the chest is 
increased as the anterior ends of ribs 8 to 10 are elevated by the 
contraction of the diaphragm. Ribs 11 and 12 are called vertebral 
ribs, because they do not attach to the sternum or the chondral 
mass. These two atypical ribs have a pincer-type motion. The types 
of rib motion described clinically are depicted in Figure 39.11.

Nonphysiologic Motion

Both neutral (type I) and non-neutral (type II) vertebral unit 
dysfunction is common in the thoracic spine. Neutral (type I) asym-
metries typically involve three or more segments that are neither 
fl exed nor extended; they are mildly scoliotic. Non-neutral (type II) 

thoracic region is especially important in treating problems ranging 
from infectious processes to functional abnormalities.

Visceral Considerations

Visceral dysfunction that alters input to the spinal cord not only 
increases the sympathetic outfl ow back to the visceral areas through 
viscerovisceral refl ex pathways but also alters somatic outfl ow in 
often unexpected patterns. Understanding this phenomenon pro-
vides insight on how to treat many painful and/or functional prob-
lems. Due to the overlap of visceral afferents onto spinal pathways 
that also receive somatic afferents, the sensory experience of vis-
ceral irritation is often one of referred pain to a somatic structure, 
with concomitant increased somatic muscle tone. One of the most 
common of these patterns is the shoulder pain and muscle tension 
associated with acute myocardial infarction. The nociceptive input 
from the compromised myocardium is experienced as shoulder or 
chest pain. Often, a vicious circle of increased somatic involvement 
results, as increased somatic activity also increases sympathetic 
outfl ow to the heart, further exacerbating the pathologic process. 
Although obviously not the only course of treatment, treating the 
somatic component of the process can be benefi cial. Recognition of 
the visceral origin of referred pain patterns can save the osteopathic 
physician much time and missed diagnoses. Likewise, recognizing 
that osteopathic treatment of the involved somatic structures can 
also help the course of the problem. Understanding the somatic 
areas likely to show effects of underlying visceral pathologic condi-
tions through viscerosomatic refl exes (3) provides the osteopathic 
physician with another important diagnostic and treatment tool.

BIOMECHANICAL CONSIDERATIONS

Physiologic Motion

In general, thoracic spinal motion occurs according to the 
mechanical principles formulated by Fryette. In other words, when 
the thoracic spine is in the neutral position, sidebending of spine 
in one direction results in rotation of the thoracic vertebrae in the 
direction opposite to the sidebending. When the thoracic spine is 
in a non-neutral position (i.e., fl exed or extended), sidebending of 
spine in one direction results in rotation of the thoracic vertebrae in 
the same direction as the sidebending.

However, there are times when variations from Fryette prin-
ciples occur in thoracic vertebral motion. Upper thoracic vertebrae 
may exhibit neutral (type I) motion, which may occur as low as T4, 
and movements are similar to normal cervical spine behavior. Some 
suggest that these motions are associated with the interdependent 
combination of asymmetrical vertebral and upper rib shapes and 
attachments and their interactions with cervical muscles (such as 
the splenius cervicis) that attach as low as T5 and T6. Middle tho-
racic vertebral motion is commonly a mix of neutral (type I) and 
non-neutral (type II) movements, which may produce rotation to 
either the formed convexity or to the formed concavity. Lower tho-
racic vertebral motion is more apt to be similar to lumbar neutral 
(type I) mechanics.

During inhalation, the thoracic cage widens its vertical, trans-
verse, and anteroposterior dimensions as the diaphragm contracts 
(14). With deep inhalation, the anterior ends of the superior ribs move 
more anteriorly and superiorly along with the sternum (Fig. 39.7).

Typical ribs are attached to the sternum by the costal cartilage, 
and their movements displace the anterior component of the cos-
tosternal system superiorly and anteriorly. This motion is described 
as pump-handle motion. (See Glossary for more detailed defi ni-

Figure 39-7 Functional transverse rib axis. (From Gray’s Anatomy. 
35th Ed. Edinburgh, Scotland: Churchill Livingstone, 1973:421, with 
permission.)

Figure 39-8 Pump-handle rib motion.

Chila_Chap39.indd   539Chila_Chap39.indd   539 8/4/2010   7:35:35 PM8/4/2010   7:35:35 PM



540 III • APPROACH TO THE SOMATIC COMPONENT

vertebral unit dysfunction generally involves a single vertebral unit 
and can have proximal and distal neutral (type I) responses.

Asymmetry of motion in any of the rib cage areas indicates 
the presence of respiratory rib dysfunction in that region. Respira-
tory rib dysfunction has either inhalation or exhalation restriction. 
There is usually one rib within a group of ribs that is responsible 
for maintaining the inhalation or exhalation restriction. This rib is 
referred to as the key rib and is the rib that must be identifi ed and 
treated to remove a group restriction. Inhalation restrictions involve 
a rib or group of ribs that fi rst stops moving during inhalation. The 
key rib is the most superior rib in the group. Exhalation restrictions 
involve a rib or group of ribs that fi rst stops moving during exhala-
tion. The key rib is the most inferior rib in the group.

Clinical Characteristics of Thoracic Region and 
Rib Cage Movement

Available thoracic spinal motion is generally less than in the cervi-
cal or lumbar areas. This is because all planes of motion are affected 
by costal cage mechanics and their complicated relationships with 

head, neck, shoulder girdle, and lumbopelvic anatomy. Thoracic 
spinal motion is further complicated by a number of other factors 
that go beyond basic costovertebral confi guration and mechanics. 
A few of the elements include confi guration characteristics of the 
anteroposterior curves in the sagittal plane, such as:

■ Kyphosis
■ Costal cage asymmetries, such as pectus excavatum and pectus 

carinatum
■ Osteoporosis/osteoarthritis effects
■ Increased chest wall diameter associated with a variety of cardio-

pulmonary problems
■ Cervical, shoulder girdle, rotator cuff infl uences (i.e., anterior 

muscles are generally tighter than posterior groups); under these 
circumstances, anteroposterior curves tend to become more 
kyphotic

■ Effects of lifestyle and affective states, such as slumping with 
depression

■ Characteristics of primary and secondary lateral deviations 
include

 ■ Scoliosis with and without kyphosis
 ■ Effects of upper and lower motor neuron lesions
 ■ Effects of repetitive motion activities
 ■ General thoracic spinal motion characteristics

Because of confi guration changes in size and shape, thoracic spinal 
motion characteristics vary markedly from the cervicothoracic to 
thoracolumbar junctions. The upper and middle portions demon-
strate greater rotation than elsewhere in the spine, with the excep-
tion of the atlantoaxial joint. Generally, fl exion capability is greater 
than extension. Side-bending capability is even less, because of 
rib cage constraints. In the lower portions, fl exion and extension 
capacities are greatest, although side-bending abilities exceed those 
of rotation (i.e., they are more like lumbar spine mechanics).

Clinically, there is a constant tendency for spinal fl exion because 
of the effects of gravity and the tendency for the back extensors 
to become inhibited while fl exors tend toward contraction. Clini-
cally, it seems that the rotatores, intertransversarii, and multifi di 
are often involved in postural stress, somatosomatic, and visceros-
omatic refl exes. When these muscles are refl exively affected by 
facilitation, they are often responsible for maintaining non-neutral 

Figure 39-9 Functional anteroposterior rib axis. (From Gray’s 
Anatomy. 35th Ed. Edinburgh, Scotland: Churchill Livingstone, 
1973:421, with permission.)

Figure 39-10 Bucket-handle rib motion.

Figure 39-11 Clinical rib movement.
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somatic dysfunction of the vertebral units that are innervated by 
the involved muscle, neural network, or viscera. Some refer to this 
phenomenon as the somatic component of impairment, illness, or 
disease.

Neurologic pathologic conditions, trauma, visceral disease, 
and intrinsic mechanical asymmetries are common sources of spi-
nal dysfunction. Trauma, for example, often fl exes, extends, and/
or twists the spine simultaneously in such a way that the accu-
mulated forces localize around a vertebral unit, thereby disturb-
ing the mechanics of both the single vertebral segment and the 
vertebral units. Deforming injuries of this type often alter physi-
cal shapes; that is, they cause plastic deformations with permanent 
stretching of ligaments and distortions in facet joints and osseous-
ligamentous relationships. Not surprisingly, recurring non-neutral/
type II vertebral unit dysfunction is common under these circum-
stances. This type of vertebral unit change is sometimes associated 
with altered visceral functions; for example, somatic dysfunction 
is superimposed on vertebral segment and vertebral unit changes 
with resulting facilitated peripheral, autonomic, and centrally 
mediated refl ex activities. Patients report many clinical symptoms 
when these processes occur.

The most important function of the rib cage is respiration. The 
ribs, along with the sternum, and the diaphragm move in a manner 
that increases and decreases the size of the thoracic cavity during 
inspiration and expiration. Because of the negative pressure pro-
duced with respiratory movements, the rib cage may also assist in 
returning venous blood back to the heart. The rib cage also protects 
the organs located within its cavity.

The motion of the ribs has been described earlier as either 
the pump-handle or bucket-handle type. More specifi cally, the 
upper rib cage, from approximately ribs 1 through 5, exhibits pre-
dominantly pump-handle motion, while ribs 6 through 10 provide 
increasing amounts of bucket-handle motion, until the lowest ribs 
of this group move predominantly in bucket-handle fashion. Ribs 
11 and 12 move in a pincer-like fashion.

Rib cage mechanics can also be infl uenced because of its rela-
tionships with head, cervical, shoulder girdle, lumbar, and pelvic 
anatomical structures. Rib cage motion can be further complicated 
by a number of other factors beyond basic costal anatomy, confi gu-
ration, and mechanics. Some of these factors include:

■ Thoracic scoliosis or kyphosis
■ Rib cage asymmetries, such as pectus excavatum or pectus 

carinatum
■ Effects of bony diseases such as osteoporosis or osteoarthritis
■ Increased chest wall diameter associated with illnesses such as 

chronic obstructive pulmonary disease
■ Effects of abnormal tensions in cervical, rotator cuff, or shoulder 

girdle musculature
■ Effects of trauma to the rib cage
■ Effects of lifestyle and affective states, such as slumping with 

depression

Clinically, somatic dysfunction of the rib cage is often present 
secondary to somatic dysfunction of the thoracic vertebrae. Thus, 

the restricted motion in these combined structures may result in 
some of the same clinical characteristics as occur with problems 
associated with the thoracic spine.

SUMMARY

The thoracic and rib cage regions together form a complex region of 
the body, containing and protecting many vital organs. Osteopathic 
physicians must understand the proper function, diagnosis, and 
treatment of this area. Osteopathic manipulation is used to improve 
sympathetic and parasympathetic factors, diaphragm excursion, 
spinal and rib mechanics, and vascular and lymphatic fl ow (which 
improves breathing). The goal is to decrease sympathicotonia and 
energy wasted on ineffi cient breathing by decreasing abnormal 
mechanoreceptor and nociceptive input to the central nervous 
system (decreasing pain) and assisting the body in mobilizing the 
immune system.

Manipulative treatment of somatic dysfunction of this region 
can help the patient to heal from injury or pathology of this area. 
In addition, osteopathic palpatory diagnosis can be used to help 
differentiate the cause of sometimes diffi cult to interpret signs and 
symptoms with which patients may present.
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Lumbar Region
KURT P. HEINKING

INTRODUCTION

An effi cient and accurate diagnosis and an effective treatment plan, 
are critical skills for an osteopathic physician to have. Because of 
the unique training and expertise in musculoskeletal medicine, 
many patients and clinicians seek out osteopathic physicians for a 
variety of concerns.

Common patient complaints that require evaluation of the 
lumbar spine include, but are not limited to: abdominal pain, lower 
back pain, and neuralgia of the lower extremities. In each of these 
situations, the lumbar spine needs to be examined and possibly 
treated with osteopathic manipulation. An evaluation for somatic 
dysfunction of the lumbar spine is integrated with the other physi-
cal exam procedures. If signifi cant somatic dysfunction is found, 
and potentially related to the patient’s condition, OMT may be 
utilized in the treatment plan along with analgesics, anti-infl am-
matories, muscle relaxers, and stretches or active exercises. This 
chapter will highlight how the diagnosis and treatment of somatic 
dysfunction is crucial in the overall treatment of the patient with 
lumbar spine pain.

EPIDEMIOLOGY OF LOW BACK PAIN

The lifetime prevalence of having lower back pain approaches 70%, 
so it is important for osteopathic physicians to be able to evalu-
ate the lumbar spine. Lower back pain is the second leading cause 
of work absenteeism (after upper respiratory tract complaints) and 
results in more lost productivity than any other medical condition. 
Each year there are 13 million physician visits for lower back pain, 
with the highest prevalence in the 45 to 60-year-old Caucasian 
population. Back pain is the most frequent cause of activity limi-
tation in people younger than 45 years of age, the second most 
frequent reason for physician visits, the fi fth most frequent for hos-
pitalization, and the third ranking reason for surgical procedures 
(1). Osteopathic physicians need to completely understand the 
anatomy and physiology of the lumbar spine in the healthy, dis-
eased or injured, and postoperative patient. Patients with chronic 
back pain will search out osteopathic physicians for treatment after 
having lumbar spine surgery. About 1% of the U.S. population 
is chronically disabled because of back pain (1). Osteopathic 

40
K E Y  C O N C E P T S

■ Delineate a thorough and accurate history; this allows the development of a differential diagnosis.
■ Consider serious and life-threatening conditions that require urgent evaluation, and or treatment of the 

lumbar spine.
■ Knowledge of the functional anatomy, normal spinal motion, and somatic dysfunction of the lumbar region 

improves diagnosis and manipulative treatment.
■ Develop an efficient integrated physical examination of the lumbar spine.
■ Diagnose and evaluate viscerosomatic and somatovisceral reflexes, Chapman’s points, Jones tenderpoints, 

and myofascial triggerpoints.
■ Review the imaging studies of the lumbar spine and relate them to the known palpatory findings.
■ Know when and how to utilize OMT in the treatment of somatic dysfunction of the lumbar spine.

physicians need to be able to diagnose the lumbar spine in people 
of all ages, body types, and sizes.

Anthropometric data are contradictory with no strong rela-
tionship between heights, weight, body build, and low back 
pain. Physical fi tness is not a predictor of acute low back pain. 
The physically fi t have a lesser risk of chronic low back pain and 
tend to recover faster than patients who are not physically fi t (1). 
Many physicians consider obesity as a cause of low back pain, but 
epidemiologic studies have reported both positive and negative 
associations (1). In summary, most episodes of low back pain or 
sciatica resolve spontaneously within the fi rst 2 weeks and a rela-
tive minority take 6 to 12 weeks. Only 1% to 2% of cases should 
require evaluation for operative management. Osteopathic phy-
sicians should be able to diagnose and treat the lumbar spine 
of patients of all ages and sizes, paying particular attention to 
the presentation based on a thorough understanding of the 
epidemiology.

HISTORY

An appropriate and thorough history of the patient’s chief com-
plaint is critical. It is always important to consider urgent, 
emergent, or other potentially serious conditions. Patients with 
worrisome historical fi ndings need more comprehensive and expe-
ditious treatment. Emergent disorders associated with acute para-
plegia include spinal cord tumors, epidural hemorrhage, epidural 
abscess, embolus, spinal artery thrombosis, and central herniation 
of a nucleus pulposus (cauda equina syndrome) (2). The history of 
severe, tearing pain, and dizziness associated with an abdominal 
pulsatile mass alerts the physician to the problem of an expanding 
aneurysm. Patients with the cauda equina syndrome present with 
acute paraplegia, saddle anesthesia, and rectal or urinary inconti-
nence (2). From the patient’s history alone, the clinician should 
have a pretty good idea of what is going on and then develop a dif-
ferential diagnosis. The astute clinician allows patients to tell their 
story in their own words and also steers them in directions that 
elicit the essential information needed for the diagnostic process. 
The clinician knows when the history must be abbreviated or pro-
longed, based on the patient’s presentation. If not all the information 
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the clinician understands Chapman refl exes. In women, these fi nd-
ings should also initiate questions about menses and pelvic dis-
comfort; in men, questions about prostate or penile discomfort or 
deep, uncomfortable pressure in the perineal region are indicated. 
Asking if chilling or muscle-stressing activities increase the symp-
tom might alert the physician to consider and examine for select 
myofascial trigger points related to the symptomatology.

Trauma History

When planning total management of patients with lumbar com-
plaints, it is also important to ask the patient about past injuries or 
accidents that could have produced signifi cant lumbar or sacroiliac 
(SI) dysfunctions, atypical spinal mechanics, or have affected the 
craniosacral mechanism. Most patients forget about these types of 
accidents.

Historical Points May Point to a Specifi c Etiology

Ask the patient about unexplained weight loss, night sweats, breast 
changes or masses, hematuria or hematochezia (blood in the stool). 
These questions explore the possibility of cancer of the organs that 
usually metastasize to bone and can produce pain in the back. The 
patient with nonspecifi c mechanical lower back pain usually has 
signifi cant somatic dysfunction of the lumbar, sacral, and pelvic 
regions. If they do not, clinical suspicion for a visceral cause may be 
heightened. In evaluation of the patient with lumbar pain, under-
standing the “Red Flags” for more serious conditions is important 
(Fig. 40.1). These include:

■ Age 50 years or older
■ Previous history of cancer
■ Unexplained weight loss
■ Failure to improve with 1 month of therapy
■ No relief with bed rest.

An algorithm to guide the initial assessment of acute low back pain 
symptoms is shown in Figure 40.1.

If the patient has leg pain or paresthesia, ask the patient to show 
exactly where it is located, and then decide if this could represent a 
dermatomal, myotomal, sclerotomal, or radicular pain pattern. Scle-
rotomes and myotomes have been documented and mapped (3). 
They are important and are often overlooked pain patterns. 
A radicular pattern would indicate that there may be nerve root 
pressure, perhaps related to a herniated intervertebral disc or a 
tumor in the cauda equina. In this particular case, traditional ortho-
pedic and neurologic testing, which includes deep tendon refl ex 
assessment, assessment of muscle strength/weakness, and testing 
key dermatomes for sensation and/or pain, is important.

When evaluating the lumbar region in a low back pain patient, 
it is imperative to consider the psychosocial stresses the patient is 
under. Emotional tension, stress, and job dissatisfaction are con-
tributing and sometimes causative factors in lumbar spine pain. 
Psychological and psychosocial work factors including monotony 
at work, job dissatisfaction, and poor relations with coworkers 
have been found to increase complaints about low back pain (1). 
Prospective studies have concluded that these psychological risk 
factors were more predictive than any of the physical risk factors. 
In contrast to pain from nerve root irritation, psychogenic pain is 
not well localized. Large nondermatomal areas are affected. In this 
situation, radiation of pain follows no consistent pattern (1). Physi-
cal factors found to be associated with increased risk of low back 
pain include heavy work, lifting, static work postures, bending with 
twisting, and vibration.

is obtained during the initial evaluation, it is worthwhile to review 
the history on subsequent visits.

Pain needs to be evaluated by documenting a description of the 
pain, including its intensity, duration, location, radiation, alleviat-
ing or aggravating factors, and response to treatment. Not every 
chief complaint is pain. The chief complaint can be stiffness, a 
decrease in athletic performance, postural or muscular asymmetry, 
a localized mass, a skin lesion, etc. The important aspect to consider 
is: how does the chief complaint disturb the patient’s day-to-day 
functioning?

Quality and Intensity

Initially patients should describe the quality of pain themselves 
without suggestions from the examining physician. Listed below 
are useful documents that assist with clinician documentation 
of pain, one of which is the McGill Pain Questionnaire. If the 
McGill Pain questionnaire is not used, the examining physician 
should include a line drawing of the body in the patient’s history. 
The pictorial representation of the patient’s pain helps delineate its 
extent. The “visual analogue scale” is a visual way to quantify pain 
based upon a 10-cm line drawing (2).

Another differentiation is between organic and psychogenic 
pain. A standardized way to differentiate psychogenic from organic 
pain is to use the Minnesota Multiphasic Personality Inventory 
(MMPI). The MMPI is a 566-question, self-administered true-
false test formulated to identify psychological traits, for example, 
hypochondriasis, depression, hysteria, or psychopathic deviance, 
associated with elevated scale scores in patients with chronic 
pain (2).

A test that validates the presence of pain is the Mensana Clinic 
Back Pain Test (MPT). MPT is a 15-item questionnaire that 
takes about 10 minutes to complete. Patients are classifi ed as 
objective-pain patients, exaggerating-pain patients, and affective-
pain patients corresponding to increasing test scores (2). The MPT 
is more successful than MMPI in differentiating organic from 
function low back pain and is useful for patients with chronic low 
back pain. Roland and Morris developed a questionnaire consisting 
of 24 items (2). The test not only measures disability resulting from 
back pain but also measures response to therapy.

Consideration of the onset, duration, and progression of a 
complaint is essential. An inventory by systems is taken, especially 
those systems that could be related to the lumbar region. Although 
the history is discussed as an entity that precedes the physical 
examination, further questioning (history) may take place as posi-
tive clues are obtained during the physical exam. This approach 
to history taking will prompt the physician to ask questions about 
areas that the patient does not consider important.

The ability to visualize the underlying anatomy and apply that 
knowledge as the physician palpates is an important skill to develop. 
An understanding and recall of the physiologic spinal motion pat-
terns is also necessary before performing the physical examination. 
Using this knowledge, the physical exam will help the clinician rule 
out specifi c conditions on the differential diagnosis list.

A prior knowledge of Chapman refl exes, viscerosomatic refl exes, 
and the autonomic innervation of the viscera is also useful dur-
ing the physical exam. For example, if a patient complains of 
lumbar dysfunction, questions about bowel and bladder function, 
whether the urinary stream is full and forceful, and whether there 
is any pain or burning on urination are all functionally relevant 
questions to ask. During the physical examination, if the patient 
complains of acute tenderness when the iliotibial bands are pal-
pated, questions about bowel habits and function are relevant, if 
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■ Low control over work
■ Unappreciated/unsupported at work
■ Low level employment
■ Low socioeconomic status

Consider the Following:
■ Job dissatisfaction
■ Preexisting depression or anxiety
■ Stressful, monotonous work

Figure 40-1 Initial assessment of acute low back pain symptoms. CT, computed tomography; CBC, complete 
blood count; ESR, erythrocyte sedimentation rate; U/A, urine analysis. (From Bigos S, Bowyer O, Braen G, et al. 
Acute Low Back Pain Problems in Adults. Clinical Practice Guideline, No. 14, Rockville, MD: U.S. Department of 
Health and Human Services; December 1994. Publica Health Service Agency for Health Care Policy and Research 
AHCPR publication 95-0642, with permission.)
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FAMILY HISTORY

In the presence of a particular histocompatibility locus antigen 
(27), members of a family are at risk of developing ankylosing 
spondylitis, reactive arthritis, psoriatic spondylitis, and spondylitis 
associated with infl ammatory bowel disease. Each of the condi-
tions can cause low back pain.

OCCUPATIONAL HISTORY

Workers doing heavy lifting at their job are at risk of developing 
mechanical low back pain, but this symptom also occurs in sed-
entary workers. Lifting a light object from a rotated position or 
stretching far overhead to reach an object on a shelf may be associ-
ated with the onset of low back pain.

It is incumbent on the physician not to assume that, because 
workers’ compensation is involved or litigation is pending, the 
patient’s symptoms are fi ctitious or exaggerated. Physicians should 
give the patient the benefi t of the doubt. A self-employed indi-
vidual may push the physician into cutting corners of evaluation 
and therapy to obtain the “quick fi x” needed to allow a return to 
normal activities. On the other hand, the salaried employee may 
delay return because of the fear of reinjury.

Social History

Increased consumption of alcohol, coffee, or cigarettes is associated 
with osteoporosis, and illicit drug use results in immunosuppression 
and predisposition to infection. Marital discord causes severe stress 
and the propensity for muscles of the lower back and neck to tighten. 
Job stress and dissatisfaction has been linked to lower back pain.

Review of Systems

The presence of constitutional symptoms is a worrisome fi nding 
and requires a more thorough evaluation. Fever in the setting of 
new-onset neck or back pain may be associated with infl uenza, 
pyogenic discitis, or osteomyelitis to 83% for spinal epidural 
abscess (2).

Review of the integumentary system may reveal a history of 
scaling patches over the elbows (psoriasis), vesicular lesions fol-
lowing a dermatome (shingles), or a tick bite (Lyme disease). Each 
of these conditions can be related to lower back pain. Poor sleep 
habits, anxiety, or depressive symptoms can also clue the physician 
in toward an emotional etiology for the low back pain.

Aggravating and Alleviating Factors

Characteristically, mechanical lesions of the lumbosacral sine 
improve with rest and worsen with increased activity. Prolonged 
sitting with forward fl exion causes back pain if the patient has a 
herniated disc, and prolonged standing in the extended position 
causes back pain if the patient has spinal stenosis.

Older patients with spinal stenosis will “lean on the shopping 
cart” because this forward bending of the spine opens the canal and 
foramina reducing nerve root pressure. Pain from tumors involving 
bone, muscle, or the spinal cord is often increased with recumbency. 
Patients with tumors seek relief by sleeping in a chair or pacing 
(2). However, other patients fi nd relief of pain only with absolute 
immobility. This is a sign of acute infection, compression fracture 
related to metabolic bone disease, or pathologic fracture secondary 
to a tumor or infi ltrative disease. Disc herniation causes radiating 
pain at rest, while with spinal stenosis radiating pain occurs in posi-
tions that extend the spine and decrease room in the spinal canal 

Stress plays a major role in the treatment of the low back pain 
patients well. When patients are stressed, their muscles tighten and 
become less fl exible. Techniques that foster relaxation, improve soft 
tissue tension, and help the patient relax are useful. When patients 
are stressed, GI complaints are frequent, and these can produce vis-
cerosomatic palpatory changes in the thoracic and lumbar spine.

An adequate social history is important to take in the patient 
with low back pain. There is a defi nite link between smoking and 
low back pain that increases with the duration and frequency of 
the low back pain. Several investigators have found an association 
between smoking, herniated discs, and low back pain (1).

The age of the patient can affect the clinician’s ability to formu-
late a differential diagnosis. For example, spondyloarthropathies, 
including ankylosing spondylitis, reactive arthritis, and spondylitis 
associated with infl ammatory bowel disease, and benign tumors of 
the spine occur between the third and the fourth decades (2). Dis-
eases of middle age include diffuse idiopathic skeletal hyperostosis, 
gout, Paget disease, and osteomyelitis. A different set of diseases 
occurs more commonly during and following the sixth decade. 
These diseases include malignant disease (metastases), metabolic 
disease (chondrocalcinosis), and degenerative diseases (expanding 
aortic aneurysm) (2). Approximately 80% of patients with malignant 
disease affecting the lumbar spine are older than 50 years of age (2). 
The causes of back pain are outlined in Table 40.1.

T A B L E  4 0 . 1

Causes of Back Pain
Mechanical Tumor
 Spinal arthritis  Primary
 Degenerative disk disease   Myeloma
 Facet arthritis   Sarcoma
 Fracture   Neural tumor
 Spondylolysis  Secondary 

 (metastatic)
 Spondylolisthesis   Prostate
 Congenital   Lung
  Genetic malformations   Breast
  Achondroplasia   Kidney
Nonmechanical Rheumatologic
 Viscerogenic  Seronegative 

 spondyloarthropathy
  Renal colic   Ankylosing 

  spondylitis
  Inflammatory bowel 
  disease

  Psoriatic arthritis

  Endometriosis   Reiter syndrome
 Vasculogenic   Behçet syndrome
  Aortic aneurysm   Fibromyalgia
  Ischemic spinal 
  claudication

  Polymyalgia 
  rheumatica

   Epidural venous 
anomalies

 Rheumatoid arthritis

Infection Metabolic
 Discitis  Osteoporosis
 Herpes zoster  Paget disease
 Osteomyelitis
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correct diagnosis from the possibilities included in the differential 
diagnosis list. Special tests, such as labs or MRI scans, can sup-
port or refute the differential diagnosis and help with the treatment 
plan. Prior to performing the physical exam and ordering tests, the 
physician needs to recall their descriptive and functional anatomy.

DESCRIPTIVE AND FUNCTIONAL ANATOMY

The lumbar spine normally consists of fi ve vertebrae and forms a 
smooth lordotic curve just above the pelvis. The fi ve lumbar ver-
tebrae are the most massive individual segments of the vertebral 
column. This is perfectly logical, in that the lumbar spine carries 
the weight of the upper half of the body. The area is function-
ally compensatory for the relative immobility of adjacent spinal 
areas (thoracic cage and pelvis). This creates quite a dilemma. As 
mobility is gained, stability tends to be lost. Yet, the lumbar region 
accommodates for both stability and mobility. Understanding the 
functional relationship between the individual vertebral segments, 
and between the vertebrae and their associated soft tissues, is the 
fi rst step in understanding somatic dysfunction of, as well as the 
impact of disease upon, the region. This understanding comes 
directly from a thorough knowledge of anatomy. Both the nor-
mal anatomy and the abnormal anatomy need to be appreciated as 
some patients require spinal surgery or have lumbosacral anomalies 
that disrupt anatomic relationships.

Lumbosacral anomalies are fairly common (Fig. 40.2). Some-
times during embryologic development, the lumbar spine may 

for the neural elements. Once the disc is extruded and the pressure 
on the annulus from disc protrusion is relieved, leg pain continues 
while back pain resolves (2).

In contrast to pain from nerve root irritation, psychogenic pain 
is not well localized. Large nondermatomal areas are affected. Radi-
ation of pain follows no consistent pattern. Patients with psycho-
genic pain have diffi culty describing factors that relieve or worsen 
their pain. The pain is present all the time. There is no position that 
is comfortable (2). Activities that involve little physical effort have 
an exaggerated effect on their pain. In general, patients with chronic 
spinal conditions experience some variability of symptoms that can 
be correlated with changes in barometric pressure and temperature.

Time of Day

Classically, infl ammatory arthropathies cause morning stiffness. 
Patients have great diffi culty getting out of bed in the morning 
because of stiffness and pain. Benign tumors, a prime example 
being an osteoid osteoma, cause severe nocturnal pain. The risk of 
disc herniation is greatest in the morning when the disc is extended 
to its greatest degree (2). At the end of the day, when the disc is less 
tense, symptoms related to joint compression are more likely.

SUMMARY

The history allows the clinician to select those parts of the physical 
examination that will help the clinician most effi ciently make the 

Figure 40-2 Common lumbosacral abnormalities: A. Batwing transverse processes of L5. B. Lumbarization of S1. 
C. Sacralization of L5. D. Facet asymmetry (zygopophyseal tropism) of L4. E. Partial sacralization of L5 (Bertolotti). 
F. Spina bifi da occulta of both LS and of S.
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The nucleus pulposus is composed of 70% to 90% water, and 
is semifl uid and hydrophilic. It is deformable, but not compress-
ible. With postural weight bearing, the nucleus expands laterally 
against the anulus, and these two parts work together mechanically 
to act as a shock absorber between each vertebral body of the spine. 
When load is applied and the nucleus is compressed, it loses water. 
This results in a 1.5-mm creep in the fi rst 2 to 10 minutes of com-
pressive stress (5). Resting supine with the lower extremities fl exed 
and raised is the optimal position for rehydrating the discs. With 
this rest, discs normally return to their full or optimal height. With 
aging, however, the hydrophilic properties of a disc are reduced, just 
as is its ability to reform after being stressed by prolonged pressure 
or a sudden and severe stress. The intervertebral discs are innervated 
by fi bers from an elaborate plexus supplied by the sinu vertebral 
nerve on the posterior longitudinal ligament and the somatosympa-
thetic nerve on the anterior longitudinal ligament. In initial stages 
of compression, the sinu vertebral nerve on the posterior longitudi-
nal ligament irritated giving rise to lower back pain (3,5). In a nor-
mal healthy disc, branches from this plexus penetrate through the 
outer one third to reach the middle third of the annulus fi brosus. 
The annulus fi brosus receives nocioceptive innervation to its outer 
fi bers (3). However, degenerative disc material obtained at the time 
of surgery shows that the small-caliber fi bers have expanded their 
territory into the center of the disc. In patients with degenerative 
discs, discography is painful (generally a nonpainful procedure in 
normal individuals), as this might indicate some small-caliber fi bers 
have expanded their territories in these patients.

The Posterior Elements

Pedicles
Pedicles connect the posterior elements to the vertebral body and 
mark the site where the posterior vertebral elements begin. In the 
lumbar region, pedicles are located on the superior third of the 
posterior surface of the vertebral body. This protects the nerve root 
of a vertebral unit from being injured by a signifi cantly herniated 
intervertebral disc of that same unit. The nerve winds around the 
pedicle and exits its intervertebral foramen before it crosses the 
intervertebral disc.

Anatomically and radiographically, all of the posterior elements 
of a vertebra can be accurately identifi ed if the pedicles of that ver-
tebra are fi rst identifi ed. On an anteroposterior (AP) radiograph, 
the pedicles appear as two longitudinal rows of opaque ovals on 
the lateral, superior third of the vertebral bodies. These are used as 
landmarks for fi nding the other posterior elements (Table 40.2).

Transverse Processes
A transverse process projects laterally from the region of each pedi-
cle. In the lumbar region, these processes are anatomically located 
directly lateral (in the same horizontal plane) to the spinous pro-
cess of the vertebra of their origin. This fact helps in locating and 
palpating the pair of associated lumbar transverse processes after 
palpating and identifying a specifi c lumbar spinous process. This 
also permits accurate testing of the proper vertebra for rotational 
motion of a specifi c lumbar vertebral unit.

Superior and Inferior Articular Processes
An inferior articular process projects in a caudad direction from 
the region of the pedicle, and its articular facet faces laterally. 
A superior articular process projects cephalad from the same pedicle, 
and its facet faces medially (4). The joint space of an intervertebral 
synovial joint is formed by the facet of an inferior articular process 
of one vertebra and the facet of a superior articular process of the 

form six vertebra. Even more rare is the patient with four lumbar 
vertebrae. Although this alters muscular attachments, it usually 
does not hinder stability during activity. The lumbar region nor-
mally has a lumbolumbar lordotic angle extending from L2-5 that 
averages 43 degrees. The normal lordotic curve of the lumbar spine 
functionally permits more extension than fl exion.

The lumbar spine occupies half to two thirds of the posterior 
skeletal and myofascial wall of the true abdomen. It is directly 
linked to the thoracic and pelvic regions. Because of its functional 
anatomic connections, it can infl uence the head and neck, the 
upper extremities, the lower extremities, and even the viscera. This 
means that the location of symptoms does not necessarily indicate 
the region of their etiology. Problems in the pelvis, abdomen, leg, 
arm, head and thoracic regions, as well as the lumbar region, need 
to be considered.

Although the lumbar facets are relatively aligned in the sagittal 
plane, analysis reveals that the lumbar and thoracolumbar regions 
provide most of the motion of the trunk. The facets of the tho-
racic region, oriented in a coronal plane, would seem to allow more 
motion around all three axes. However, the rib cage hinders the 
ability of the thoracic region to rotate, side-bend, fl ex, or extend.

The Anterior Elements

Vertebral Body
A lumbar vertebra is larger than other spinal vertebrae. It is distin-
guished by the absence of costal facets (like the thoracic vertebrae) 
and transverse foramina (like the cervical vertebrae). The vertebral 
body is wider transversely and deeper anteroposteriorly than any 
other vertebrae (4). This large, cross-sectional area and its longi-
tudinal and vertical trabecular arrangement increase its strength 
and stability. Lumbar vertebrae are capable of sustaining the heavy, 
functional, longitudinal loads that will surely be acting on them. The 
vertebral bodies also act as accessory organs for hematopoiesis.

Intervertebral Disc
An intervertebral disc is located between each lumbar vertebra. If 
all the intervertebral discs were stacked up one on another, they 
would normally account for one fourth of the length of the spine. 
Lumbar discs are large and built to tolerate and dissipate heavy 
loads. They are composed of glycosaminoglycans, mucopolysac-
charides, proteoglycans, and collagen.

Intervertebral discs are named according to their region (lum-
bar in this case) and numbered according to the vertebral unit of 
which they are a part (i.e., the number corresponds to the fi rst ver-
tebra of the vertebral unit). Example: The intervertebral disc for 
the L2 vertebral unit would be the second lumbar disc. Each disc is 
joined to the inferior plate of the vertebra above it and the superior 
plate of the vertebra below it.

There is a compressible nucleus pulposus located at its center, 
and this is surrounded by layers of the anulus consisting of con-
centric lamellae of collagenous fi bers. These anular fi bers are ori-
ented 65 degrees from vertical, and the layers alternate in a right/
left direction as they encircle and contain the nucleus pulposus 
(5). Clinically, it is important to note that the anulus of a lumbar 
disc is fairly thick anteriorly but is noticeably thinner posteriorly. 
Historically, L4 and L5 intervertebral discs are at the greatest risk 
for rupture. Operation rates for herniated lumbar discs vary. It is 
estimated that the rate per 100,000 is 100 in Great Britain, 350 in 
Finland, 200 in Sweden, and more than 450 in the United States. 
More than 95% of operations are at the L4 and L5 levels. The 
mean age of surgery is 40 to 45 years, with men being operated on 
twice as often as women (1).
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joint is innervated by branches from the medial divisions of the 
dorsal rami above and below the joint. Infl ammatory or degenera-
tive diseases of any facet joint will activate multiple segments in 
the spinal cord. Pain from the facet joints may be referred to the 
lower extremity. The lumbar facet joints contain both nociocep-
tive and proprioceptive innervation. Some studies have also found 
sympathetic axons detected in the joint capsule separate from the 
vasculature (6).

Lamina
A lamina projects medially and caudad from each pedicle, and nor-
mally meets its partner in the posterior midline to form a typical 
rectangular lumbar spinous process. In some instances, the lami-
nae will not completely meet in the midline, and a spina bifi da is 

next vertebra. Zygapophyseal joint tropism is the most common 
lumbar congenital abnormality and is found in 30% of patients. 
This term describes a composite arrangement where the articular 
pillars on one side of a vertebral unit are twisted so that the plane 
of the resulting synovial intervertebral joint on that side does not 
match the orientation of the synovial joint on the other side. How-
ever, asymmetric joints at the same level may be associated with 
asymmetric muscle tensions and altered spinal motions.

Lumbar Facet Joints

Lumbar facet joints have long been thought to represent a source of 
low back pain. Figure 40.3 shows sagittal plane standing postural 
radiographic measurements and their normal ranges. The facet 

T A B L E  4 0 . 2

Osterior, Middle, and Anterior Spinal Elements Related to Back Pain

Elements Possible Etiologies

Posterior elements—most common
Spinous process, transverse processes, lamina, pedicles, 
ligaments, and joining capsule, intervertebral joints

Somatic dysfunction–TARTa

Especially the “half-dirty dozen”
Age-related and activity-related strains–arthritis, overuse
Severe or chronic twists
Strains and sprains
Spondylosis, overuse, or chronic trauma
Spondylolisthesis
Severe trauma and twists
Fractures of pedicle, transverse process, or spinous 
processb

Middle elements
Central spinal canal, meninges, spinal cord, and nerves Compression of the spinal canal or nerve root

Cauda equina syndromeb

Intrinsic
Intradural tumors
Meningeal infections
Extrinsic pressure through foramen and/or the thecal sac
Metastatic tumors
Ruptured disc with contents free in spinal canal
Neurofibromas
Spurs or other symptom, of aging or degenerative 
conditions (osteoarthritis)
Benign tumors or fibromas
Reflex etiologies—visceral dysfunctions and diseas

Anterior elements
Posterior longitudinal ligament, vertebral body, 
anterior longitudinal ligament, and intervertebral disk

Compression fractures of the vertebral body

Vascular causes—abdominal aneurysmb

Traumatic disc disruption with pressure on nerve root 
or thecal sac

Infection

aGlossary of osteopathic terminology. AOA Yearbook and Directory. Chicago, IL: American Osteopathic Association, 2000:869.
bEmergency.
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produced. The most common congenital anomaly of this type is 
the “hidden” spina bifi da, called spina bifi da occulta. Spina bifi da 
occulta is frequently found at the L5-S1 level of the spine. The 
only physical clue to its presence may be a midline patch of coarse 
hair on a patient’s skin over its site (7). In this type of spina bifi da, 
the skin is intact and there are no meningeal components. It may 
modify muscle attachments, however, and can be associated with 
a higher incidence of other posterior vertebral anomalies, includ-
ing congenital or acquired spondylolisthesis. In the more serious 
forms of spina bifi da, meningocele and meningomyelocele, the spi-
nal membranes protrude, with or without cord tissue. These are 
disabling.

Spinous Processes
Clinically, the spinous process of a lumbar vertebra is located in the 
same horizontal plane as its associated transverse processes. Lum-
bar spinous processes are distinguished by their palpable, thick, 
quadrangular, “spade-like” distal ends. This is in contrast to the 
fi ngertip-shaped palpatory characteristic of the thoracic spinous 
processes. Their distinguishing shape provides palpatory evidence 
of where the lumbar region begins and where the thoracic spine 
ends. This also aids in counting lumbar or thoracic vertebrae. There 
is one exception; the spinous process of the fi fth lumbar vertebra is 
smaller, lies in a hollow just above the sacral base, and its distal end 
is about one-third smaller than the rest of the lumbar spines (4). It 
feels more like a thoracic than a lumbar spinous process. This L5 
spinous process characteristic helps to identify it as the last lumbar 
vertebra and not the fi rst spinous process of the sacrum. Another, 
less accurate way of counting lumbar vertebrae is to fi nd the most 
superior portion of the iliac crests and then follow a horizontal 
plane from there to the midline. This should cross the spinous pro-
cess of L4, and counting can begin from there.

Spinal Canal
The spinal canal is actually an anatomic space between the 
posterior margin of a vertebral body and parts of its posterior ele-
ments (i.e., its two pedicles, and the laminae). It contains the dural 
tube, spinal cord, and origins of the spinal nerves down to approxi-
mately the L2-3 level, where the spinal cord ends. From that level 
on, the dural tube contains the cauda equina and the fi lum termi-
nalis interna. The entire spinal canal is wider transversely than it 
is anteroposteriorly. In the lumbar spine, it is also triangular. The 
spinal cord usually terminates at the L2 level as the conus medul-
laris. Each of the remaining dorsal and ventral roots of the lum-
bar, sacral, and coccygeal nerves hangs in the dural tube and spinal 
canal, forming the cauda equina (horse’s tail); they exit the conus 
medullaris or the dural tube as they approach their appropriate 
intervertebral foramen.

The Intervertebral Foramen

Intervertebral foramen (one on the right and one on the left) are 
formed by two adjacent vertebrae of a vertebral unit. They are 
defi ned by:

■ Two adjacent vertebral bodies and the intervertebral disc 
between them

■ Two adjacent pedicles
■ The inferior articular process of one vertebra and the supe-

rior articular process of the next, including the synovial joint 
between them

A spinal nerve and a recurrent meningeal nerve, each carrying 
the same identifi cation number as the vertebral unit, pass through 
a lumbar foramen (4). The recurrent meningeal nerve then re-
enters the foramina. These nerves only occupy 35% to 40% of the 

Figure 40-3 Sagittal plane standing postural radiographic measurements and their normal ranges.
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Anterior Longitudinal Ligament

The anterior longitudinal ligament courses along the anterior 
vertebral bodies from the second cervical down to the sacral base, 
where it blends into the ligamentous encapsulation of the sacrum 
(4). The lateral borders of the anterior longitudinal ligament are 
attachment sites for the psoas muscle. In the lumbar spine, the 
anterior longitudinal ligament is thicker than the posterior longi-
tudinal ligament. The anterior longitudinal ligament may generate 
pain, as Substance P has been detected in the small fi bers of anterior 
longitudinal ligament samples from degenerate lumbar discs (6).

The Posterior Longitudinal Ligament
This ligament extends from the basiocciput to the sacrum caudally. 
The attachments are strongest to the outer layer of the annulus 
fi brosus of the intervertebral disc and the weakest to the vertebral 
body where the ligament arches over the opening of the foramen 
for the central vein. The posterior longitudinal ligament is broad 
in the cervical region and begins to narrow when it reaches the 
fi rst lumbar vertebra (4). It takes on a scalloped appearance and is 
only one-half its original width when it reaches L5. The scallops 
produce a defi ciency in the posterior longitudinal ligament that is 
located over the posterolateral portions of each lumbar interver-
tebral disc. The posterior portion of the intervertebral disc is also 
the thinnest portion of the anulus. Therefore, this is the region of 
a lumbar disc that is most likely to rupture; if it does, it is most 
likely to be associated with nerve root pressure. An extensive nerve 
plexus is present in the posterior and anterior longitudinal liga-
ments of the lumbar region. Very few large fi bers with encapsulate 
endings have been found. Small primary afferent axons containing 
neuropeptides have been identifi ed in the posterior longitudinal 
ligament and the peripheral portion of the annulus fi brosus.

The Iliolumbar Ligament
This ligament is located in the lumbosacral region. It is attached to 
the transverse processes of L4 and L5, and extends to the iliac crest 
and the anterior and posterior regions of the SI joint. It has been 
reported that this “ligament” may consist of muscle fi bers in neo-
nates and children and gradually becomes ligamentous over the next 
30 years, but this has recently been disputed by some anatomists. 
The major function of the iliolumbar ligament is to restrict motion at 
the lumbosacral junction, particularly that of sidebending. Bilateral 
transection of the iliolumbar ligament, rotation is increased by 18%, 
extension by 20%, fl exion by 23%, and sidebending by 29% (6).

Clinically, the iliolumbar ligament is typically the fi rst liga-
ment to become tender to palpation when there is lumbosacral 
postural stress and decomposition (6). A tender point on the iliac 
crest, located 1 inch superior and lateral from the inferior margin 
of the PSIS and in the iliolumbar ligament, becomes acutely tender 
to palpation. The tenderness palpated at the insertion of the ilio-
lumbar ligament has been thought by some to be related to irrita-
tion of the cutaneous dorsal ramus of the L1/2 spinal nerve (7). 
Patients with early postural decompensation may not realize that 
the iliac attachment of this ligament is tender until it is palpated. 
Its tenderness is a physical clue that should prompt the physician 
to ask questions about posture and to carefully examine the spine, 
lower lumbar region, and SI joints for somatic dysfunction, scolio-
sis, and/or evidence of sacral base unleveling. An example would 
be an adult who has, for years, been successfully compensating for 
continuous low back strain secondary to a congenital sacral base 
unleveling or an acquired short leg. As a result of decompensation 
in the lumbosacral region, this patient fi nally becomes symptomatic 
with back pain. The fi rst complaint of a patient with irritation of 

foramina area. A lumbar intervertebral foramen is normally two 
to three times larger than the area taken up by the lumbar nerves, 
so it seems that compression of the nerve would be diffi cult. With 
fl exion, the facets and pedicles glide away from one another, and 
the size of the intervertebral foramen increases. With extension, 
the pedicles glide toward one another, and the foramen is reduced 
in size. Reduction of the foramen size also results from arthritis or 
spurs, hypertrophy of the posterior longitudinal ligament, extrusion 
of the nucleus pulposus, tissue congestion or edema, infl ammation, 
and perineural edema. Removal or reduction of the effect pro-
duced by any of these factors may be enough to allow a symptom-
atic patient to become asymptomatic—pain free and able to work. 
This is important to remember when considering management of 
patients with back pain etiologies, paresthesias, or radiculopathies.

Ligaments

The ligamentous structures of the lumbosacral connection form a 
continuous, dense connective tissue stocking that houses the lum-
bar vertebrae and sacrum and provides attachment sites for the 
associated muscles. This complicated ligamentous structure plays a 
key role in the self-bracing mechanism of the pelvis, a mechanism 
that functions to maintain the integrity of the low back and pelvis 
during the transfer of energy from the spine to the lower extremi-
ties (6). The ligamentous support mechanism of the lumbosacral 
region is infl uenced by several major muscle groups in the low back 
and pelvis.

Ligamentum Flavum

The ligamentum fl avum attaches the posterior elements of each 
vertebra together. It runs from each pedicle and lamina to the next, 
and makes up the posteriolateral boundary of the neural foramen. 
Thickening and calcifi cation of this ligament can cause foraminal 
narrowing, spinal stenosis, and nerve root compression.

The ligamentum fl avum is the main opposition to fl exion load-
ing of the lumbar spine. The ligamentum fl avum can be injured 
with excessive spinal fl exion. Unfortunately, there is little or no 
regenerative capacity in the elastic tissue of the ligamentum fl a-
vum; thus, a damaged ligament is replaced by a dense connective 
tissue cicatrix (6). The innervation of the ligamentum fl avum and 
its potential role in the genesis of low back pain is of special note. 
Nerve fi bers have been detected in the sections of the fl aval liga-
ment stained with protein ×100, a calcium-binding protein that is 
not entirely specifi c for neural tissue. Small-caliber sensory nerve 
fi bers immunoreactive for protein gene product 9.5 (a pan-neuronal 
marker) were detected in a sample of fl aval ligaments taken from 
patients with low back pain at surgery. Previous studies had failed 
to detect innervation of the ligamentum fl avum. It is a hypothesis 
that the normal ligament has a paucity of sensory fi bers that could 
increase in distribution in pathological conditions (6).

Interspinous Ligament

This ligament anchors the thoracolumbar fascia and multifi dus 
sheath to the facet joint capsules, and becomes the central support 
system for the lumbar spine. Condrifi cation of the interspinous 
ligament occurs after the third decade of life. These pathologic 
events occurring to the interspinous ligament should diminish the 
ability of the thoracolumbar fascia to infl uence the alignment of 
the lumbar vertebrae and thereby increase their risk of injury. Both 
proprioceptive and nociceptive axons have been described in the 
supraspinous and intraspinous ligaments (6).
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the iliolumbar ligament may be groin pain, concerning the patient 
that they have a hernia (Fig. 40.4).

Muscles and Fascia

The fi rst few lumbar vertebrae provide posterior attachments for the 
abdominal diaphragm. The left crura of the diaphragm attaches to 
the fi rst two, and the right crura attaches to the fi rst three lumbar 
vertebral bodies. The diaphragm then arches cephalad past these and 
the lower thoracic vertebrae, with its apex sometimes as high as the 
fi fth intercostal space. It then curves caudad to attach to the xiphoid 
process. For this reason, somatic dysfunction of the fi rst three lum-
bar vertebrae can be associated with a fl attened, ineffective, dysfunc-
tional, resting abdominal diaphragm. A fl attened diaphragm is often 
associated with a lumbar lordosis and/or psoas and quadratus mus-
cle spasms. In this fl attened resting condition, the diaphragmatic 
dome is unable to develop effi cient, appropriate pressure gradients 
between the thorax and abdomen during contraction and relaxation, 
and this results in decreased lymphatic fl ow and venous return from 
anywhere in the body. The physician should also remember that the 
innervation to the diaphragm is the phrenic nerve, which originates 
from nerve roots C3-5 of the spinal cord. Therefore, cervical somatic 
dysfunction can be involved in diaphragmatic dysfunction.

The lumbar spine also supplies partial origin for the erector 
spinae mass of muscles that extend from the pelvis all the way to the 
occiput. Unilateral contraction of extrinsic or intrinsic muscles of 
the back will side bend or rotate the spine. When working together, 
these muscles extend the spine. Through the lumbosacral aponeu-
rosis and fascial divisions, the lumbar region is functionally attached 
to the gluteal muscles, the hamstrings, and via the iliotibial band, 
to the lower extremity. Through the lumbodorsal fasciae, with its 
continuity surrounding the external and internal oblique muscles 
and the rectus abdominus muscle, the posterior lumbar region is 
functionally related to the lateral and anterior abdominal wall.

Iliopsoas Muscle

A key muscle in lumbar spine complaints is the psoas major. The 
psoas muscle originates off the anterior portions of the upper 
lumbar vertebrae, near the insertion of the diaphragmatic crura, 
and joins with the iliacus inserting on the lesser trochanter of the 
femur as the iliopsoas. The psoas minor muscle (absent in 40% 
of patients) connects the lumbar spine to the pelvis. The iliopsoas 
muscle balances the lumbar spine and pelvis on the femur (8). The 
iliopsoas muscle is a primary hip fl exor; however, it also has a role 
in postural balance. Iliopsoas tension is a common etiologic culprit 
in the patient with lower back pain. Bilateral iliopsoas spasm can 
increase pressure across the disc spaces as well as cause the patient 
to lean forward. Unilateral spasm will give the classic psoas posture, 
a listing to one side and forward bent. A tight psoas typically has a 
vertebral type II somatic dysfunction maintaining it both mechani-
cally and through neurologic facilitation. The iliacus muscle may 
be considered separately, or in unison, with the psoas. Unilateral 
tension in an iliacus has been implicated in the production of a 
recurrent anterior ilium dysfunction.

“CORE Muscles”

In recent years, emphasis has been placed on training the “core” 
muscles of the abdomen, trunk, and pelvis in order to stabilize and 
support the lower back. However, there is still controversy as to what 
muscles make up the “core” and exactly how to train them. It is gen-
erally accepted that training certain muscles is critical in providing a 
stable lumbar spine. The transverse abdominus is one such muscle. 
The multifi dus is another important muscle to train as well as the 
gluteus. The gluteus maximus tends to be a muscle that is weak and 
inhibited. This may be related to disuse, lumbar or sacral somatic 
dysfunction, or chronic nocioception from the lumbar spine. These 
muscles are strengthened in many physical therapy programs for 
patients with back pain. Equally important is the gluteus medius 
muscle. The gluteus medius is typically inhibited and commonly 
has Jones tenderpoints in it. The Trendelenberg test is useful in 
assessing for unilateral weakness of the gluteus medius muscle.

Multifi dus Muscle

The multifi dus is divided into fi ve bands each band arising from 
each lumbar vertebrae and associated tissues. Its distal attachments 
are the sacrum, interosseous SI ligaments, thoracolumbar fascia, 
and extreme medial edge of the iliac crest. Tendinous slips of the 
multifi dus muscle pass under the long dorsal SI ligament to join 
with the sacrotuberous ligament. These connections integrate the 
multifi dus into the ligamentous support system of the SI joint. The 
fi bers of the multifi dus are aligned in the vertical plane with only 
very slight horizontal deviations. This arrangement is specifi c for 
movement in the sagittal plane, making the multifi dus a signifi -
cant lumbar spine extensor muscle, along with the erector spinae 
muscles. The long fi bers in the body of the muscle span multiple 
segments, thus giving the portion of the multifi dus muscle an addi-
tional role as a stabilizer of the lumbar spine. Finally, by increasing 
tension of the thoracolumbar fascia, SI ligaments and sacrotuber-
ous ligaments, activation of the multifi dus also contributes to the 
self-bracing mechanism of the pelvis and to the transfer of energy 
from the upper body to the lower extremities (6). The multifi dus 
muscle plays an important role in standing or seated posture, gait, 
trunk movement, and when lifting of carrying a load. Dysfunction 
of the multifi dus muscle can lead to injury of the low back and to 
low back pain. Scoliosis and lumbar disc herniation have been asso-
ciated with histochemical changes in the multifi dus muscle.

Figure 40-4 Referral pain pattern of a patient with an irritated 
right iliolumbar ligament syndrome.
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on this three-dimensional fascial structure. The thoracolumbar 
fascia contains a small-caliber fi ber system typical of nociceptive 
and sympathetic axons, and a large-caliber fi ber system capable of 
proprioception (6).

Self-Bracing Mechanism

Activation of these muscles helps to tighten the connective tis-
sue support structures, stabilizing the lumbosacral spine, and 
thereby contributing to a mechanism that has been referred to as 
self-bracing. The multifi dus, gluteus maximus, and biceps femo-
ris muscles play major roles, while the piriformis and latissimus 
dorsi play a lesser role. This arrangement of muscles and fascia 
facilitates the transfer of energy generated by movement of the 
upper extremities through the spine and into the lower extremities. 
The close coupling of these extremity and back muscles through 
the thoracolumbar fascia and its attachments to the ligamen-
tous stocking of the spine, allow the motion of the upper limbs 
to assist in rotation of the trunk and movement of the lower 
extremities in gait, creating an integrated system (6). A summary 
of the “core” muscles affecting the lumbar spine is provided in 
Table 40.3.

Mesenteries
Approximately 30 ft of small intestines and portions of the ascend-
ing and descending colon are located anterior to the lumbar 
region. The abdominal mesenteries are formed by refl ections of 
the parietal peritoneum from the posterior abdominal wall. These 
mesenteries carry arteries and efferent autonomic nerve fi bers 
to the viscera. They also carry veins, lymphatic vessels, and vis-
ceral afferent nerves away from the viscera. In this way, somatic 
dysfunction of the myofascial tissues of the lumbar region can 
functionally infl uence the local environment of the abdominal 
viscera.

Myofascial trigger points in the gluteus medius, rotatores, mul-
tifi di, iliopsoas, quadratus lumborum, and the piriformis muscles 

Latissimus Dorsi

Although it is not a prime mover of the lumbar spine, the latissimus 
dorsi is clinically important to discuss. The latissimus dorsi muscle is 
one of the muscles which anchors the upper extremity to the trunk. 
The latissimus dorsi muscle has its axial attachment to the thora-
columbar fascia, iliac crest, and to the caudal three or four ribs. It 
attached to the humerus in the intertubercular groove between the 
pectoralis major anteriorly and the teres major posteriorly. The mus-
cle can be divided into four parts: the thoracic portion attaches to the 
lower six thoracic spines, a transitional portion attaches to the upper 
two lumbar spines, a raphe portion attaches to the lateral raphe of 
the thoracolumbar fascia, and an iliac portion that attaches to the 
iliac crest (4). For osteopathic physicians, the latissimus dorsi muscle 
is the link between shoulder problems and low back problems.

Thoracolumbar Aponeurosis
There is continuity of the abdominal wall fascia and the thora-
columbar fascia posteriorly. The rectus sheath splits around the 
rectus abdominus and is continuous with the transversalis fascia 
as well as the deep fascia of the lumbar spine. The lumbar ver-
tebrae act as anchors for the fascia. The thoracolumbar deep fas-
cia surrounds, compartmentalizes, and protects all of the lumbar 
muscles and bones (Fig. 40.5). This fascia gives attachment to the 
latissimus dorsi muscle, which extends to the proximal end of the 
humerus. Next to the spine, it compartmentalizes the interspinalis, 
multifi di, and rotatores muscles. More laterally, but still near the 
midline, it encloses the longissimus muscle. Even more laterally, it 
encloses the iliocostalis muscle group that inserts on and provides 
a landmark for locating the angles of the ribs. The angle of the ribs 
marks the most lateral extent of the erector spinae mass. Deeper 
layers of the deep fascia form compartments for the intertrans-
versarii. Anterior to the transverse processes, the deep fascia sur-
rounds the psoas and quadratus lumborum muscles. The quadratus 
lumborum muscle can clinically and functionally be thought of as 
the posteroinferior extension of the abdominal diaphragm. Distur-
bances in vertebral motion or position place asymmetric tension 

Figure 40-5 The deep fascia and thoracolumbar aponeurosis of the low back. It compartmentalizes, protexts, and 
gives attachments for the erector spinae mass and lumbar muscles.
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produce pain patterns in the lumbar region and sometimes into the 
sacral region and lower extremities (9,10) (Fig. 40.6).

Innervation of the Lumbar Region

Spinal Cord
In an adult, the spinal cord usually terminates at the L2 level as the 
conus medullaris (terminal range T12-L2, and some say to L3). 
The dural sac and a string of fi brous tissue and pia, known as the 
fi lum terminalis internus, continue on. The dural sac terminates by 
attaching to the spinal canal at the S2 level. Fibrous tissue and cells 
from the dura continue on as the fi lum terminalis externa, which 
attaches to the fi rst coccygeal segment. Remember that the pos-
terior longitudinal ligament is anterior to the spinal cord and has 
lateral defi ciencies in the areas of the lumbar discs. The dural sac 
of the spinal canal, below the conus medullaris, contains the fi lum 
terminalis internus and lower lumbar, sacral, and coccygeal dorsal 
and ventral rootlets of the cauda equine (Fig. 40.7).

The lumbar spinal canal takes on a triangular confi guration and 
normally decreases in its AP dimension as it progresses from L1 to 
L5 (4). As a person ages, the diameter of the lumbar spinal canal 
or intervertebral canal may be further compromised by factors that 
include hypertrophy of the posterior longitudinal ligament, thicken-
ing of the ligamentum fl ava on its anterior wall, osteoarthritis, exos-
toses, osteophytes, tumors, and ruptured lumbar intervertebral discs.

Tissue congestion, frank edema, and perineural edema can also 
compromise the nerves in the spinal canal or an intervertebral fora-
men, especially if the region already has somatic dysfunction and/
or an anatomic/pathologic deformity. If there is enough pressure 
on the spinal cord or the nerves in the cauda equina, there will 
be loss of refl exes, weakness of muscles, and paralysis of the lower 
extremities and sphincters of the bladder and rectum. This symp-
tom complex describes a severe form of spinal stenosis called cauda 
equina syndrome.

Spinal Nerve Roots and Spinal Nerves

The lumbosacral spinal cord gives rise to numerous nerve rootlets 
from the dorsolateral and ventrolateral sulci. In the subarachnoid 
space of the vertebral canal, between fi ve and seven dorsal rootlets 
form each lumbar segment bundle together to form a dorsal spinal 
nerve root, which joins with a similarly derived ventral spinal nerve 
root. These nerve roots descend in the vertebral canal, exiting at 
each intervertebral foramen. At the level of the foramen, a complex 
relationship occurs. The nerve roots enter a funnel-shaped lateral 
recess of the spinal canal that narrows to form the lumbar nerve root 
canal. The distal end of the root canal is the intervertebral foramen. 
The walls of the nerve root canal are composed of the pedicle and 

the pars interarticularis of the vertebra, the ligamentum fl avum, 
and the lateral aspect of the intervertebral disc, the obliquity of 
the canals and their length increase. As the nerve root enters this 
canal, it is enveloped by a sheath of spinal dura termed the epineu-
rium. In the canal, the nerve root is defl ected laterally around the 
pedicle and over the surface of the intervertebral disc. The dorsal 
root ganglion is located at the point where the root passes around 
the pedicle and can leave an impression in the bony structure of 
the pedicle. The dorsal root ganglion contains the primary affer-
ent cell bodies distal to this structure, the dorsal and ventral roots 
fuse to form the spinal nerve and the dural layer seals to the spinal 
nerve. In the lumbar region, as the spinal nerves leave their canals, 
they are attached to the foramen by several fi brous expansions of 
the canal wall. As the nerve root traverses the canal and foramen, 

Figure 40-6 Pain patterns produced by myofascial trigger points in the quadratus lumborum, piriformis, iliopsoas, 
rotatores, and multifi di muscles of the back.

Figure 40-7 The relationships of the spinal cord, dural tube, conus 
medullaris, fi lium terminalis internus, cauda equine, and fi lium ter-
minalis externa to the lumbar and sacral regions.
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ing the epidural plexus and associated lymphatic vessels. Venous 
congestion, arteriovenous malformation, and epidural hematoma 
have all been demonstrated to mimic disc herniation or lumbar spi-
nal stenosis. Whether by mechanical compression or fl uid conges-
tion, the traumatized lumbosacral nerve roots experience edema and 
ischemia, which lead to infl ammatory and fi brotic alterations in the 
neural tissue with concomitant loss of motor function, paresthesia, 
and hypesthesia. Finally, an additional nonmechanical method for 
irritating neural tissue in the foraminal area appears to involve the 
release of nuclear fl uids containing proinfl ammatory compounds 
as the proteoglycans and tumor necrosis factor-alpha from a leaky 
disc (6). Although we tend to think of disc herniation as the 
etiology of nerve root compression/irritation, there are certainly 
others. Table 40.4 reviews the lumbar roots, their dermatomes, 
innervated muscles, and physical fi ndings.

Lumbosacral Dorsal Rami

The dorsal ramus leaves the spinal nerve as the nerve exits the 
lumbar intervertebral canals. As this ramus wraps around the facet 
joint directly below, it divides into several main branches: (I) Lat-
eral branch that innervates the lateral fascial compartment contain-
ing the longissimus muscle; (II) Medial branches that innervate 
the medial fascial compartment containing the multifi dus muscles. 
Specifi cally, the medial compartment contains the multifi dus, inter-
spinalis, and intertransversarii medialis muscles. It also contains 
skeletal elements such as the interspinous ligament, the facet joints, 

it is at risk from several structures: the pedicles and intervertebral 
discs, the ligamentum fl avum, the capsule of the facet joint, and the 
foraminal ligaments (Fig. 40.8) (6).

In addition, the intervertebral canal transmits branches of 
the spinal artery into the spinal canal along with veins drain-

T A B L E  4 0 . 4

Neurologic Influence of the Lumbar Roots

Root L1 L2 L3 L4 L5 S1

Sensory 
dermatome

Back to 
trochanter

Back Back Inner calf to 
medial portion of 
foot (first two toes)

Lateral 
lower leg

Sole

Groin Anterior thigh to 
the level of knee

Upper buttock 
to anterior thigh

Dorsum of 
foot

Heel

Medial lower 
leg

First two 
toes

Lateral edge of 
foot

Innervated 
muscle(s)

Iliopsoas Iliopsoas Iliopsoas Tibialis anterior Extensor 
hallucis

Gastrocnemius

Sartorius Quadriceps 
femoris

Gluteus medius Tibialis 
posterior

Gluteus 
maximus

Hip adductors 
(longus, brevis, 
pectineus, 
magnus, gracilis)

Sartorius Gluteus minimus Hamstrings Hamstrings

Hip adductors Tensor fasciae 
latae

Peroneus

Quadratus femoris
Functional 
limitation

Hip flexion Hip flexion Hip flexion Knee extension Toe 
extension

Ankle 
plantarflexion

Hip adduction Hip adduction Ankle 
dorsiflexion

Knee flexion

Knee extension
Affected 
reflex

Cremasteric Cremasteric Patellar Patellar Tibialis 
posterior

Ankle

Adductor Gluteal Gluteal? Hamstring

Figure 40-8 Pedicles located on the superior third of the posterior 
side of a lumbar vertebra protect the nerve from being injured by a her-
niated disc at its own level. It is more likely that a lumbar nerve would be 
affected by a herniated disc of the previous vertebral unit. That is why an 
S1 nerve root is usually affected by a herniated L5 intervertebral disc.
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and the ligament fl avum (6). Inferiorly, the dorsal and possibly 
ventral rami of L5 and of the sacral roots provide innervation of the 
SI joint capsule. Irritation of the small-caliber primary afferent fi bers 
of the dorsal ramus results in the perception of pain. This perception 
is usually a sharp, burning pain that is similar to spinal root pain and 
can refer to the area supplied by the corresponding ventral ramus, 
thus mimicking sciatica (6). As the dorsal ramus also innervates 
muscle groups in the back, compression or damage to this nerve can 
present with signs of denervation weakness, as well as with pain.

Lumbar Plexus
The lumbar plexus is composed of nerve roots L1-4 and a branch 
from T12. Lumbar nerve roots enter directly into the psoas muscle, 
where the lumbar plexus is formed. Lumbar nerves emerge from 
the borders and surfaces of the psoas muscle. (4) Psoas muscle 
spasm can compress these nerves producing pain referred into the 
anterior thigh.

Sympathetic Nervous System
The sympathetic nervous system has thoracolumbar outfl ow. 
Therefore, somatic dysfunction of the lumbar spine can affect 
the sympathetic nervous system. Somatic dysfunction in the tho-
racic spine can affect the lumbar spine via this neural pathway 
as well. Abdominal and pelvic viscera stimulate general visceral 
afferents that synapse near the sympathetics in the lumbar spinal 
cord. Therefore, visceral disease or dysfunction can cause palpa-
tory fi ndings in the lumbar spine. Sympathetic axons have been 
detected in the posterior longitudinal ligament, the ventral dura, 
the periosteum of the vertebral body, the intervertebral disc, and 
the vertebral body where they reach into the marrow cavity. The 
lumbar sympathetic trunk courses along the border of the psoas 
attachment.

Sinu Vertebral Nerves
The sinu vertebral nerve emerges distal to the dorsal root ganglion 
but prior to the division into dorsal and ventral rami. This small 
branch recurs into the intervertebral foramen to reach the verte-
bral canal. The terminal branches supply the posterior longitudinal 
ligament, the periosteum on the posterior aspect of the vertebral 
body, the outer layers of the intervertebral discs, and the anterior 
surface of the spinal dura. This nerve can travel up or down the 
vertebral canal at least two or three segments from the point of 
entry. Additionally, it can cross the midline to innervate tissue on 
the contralateral side. Some fi bers cross the vertebral canal and 
subsequently pass outward through the contralateral intervertebral 
foramina. Dissection has demonstrated that the L1 and L2 roots 
have a complex array of multiple branches re-entering the interver-
tebral foramen, whereas the low lumbar vertebrae had only a few 
branches (6).

Small-caliber, primary afferent nociceptors—as well as sym-
pathetic fi bers—appear to be contained within the sinu vertebral 
nerve. Irritation of the small-caliber primary afferent fi bers in the 
sinu vertebral nerve can refer to pain several segments up or down 
the spinal cord, as well as referring pain to the contralateral side of 
the body (6).

The sinu vertebral nerve does not supply skeletal muscle or 
skin, so compression or damage to this nerve alone does not pres-
ent with signs of denervation weakness or cutaneous analgesia.

Somatosympathetic Nerves

No somatic nerves (direct branches of the dorsal or ventral rami 
or spinal nerves) reach the anterior aspect of the vertebral bod-
ies. However, this area is richly supplied by sensory fi bers traveling 

in branches of the sympathetic trunk. These small-caliber, 
primary afferent nociceptors, wrap around the anterior longitu-
dinal ligament and the periosteum on the anterior aspect of the 
vertebral body and penetrate into the outer layers of the inter-
vertebral discs. The pathway of return of these sensory fi bers to 
the spinal cord follows the sympathetic trunk and appears to use 
the white rami in gaining access to the spinal nerve and dorsal 
root ganglia. Therefore, sensory fi bers entering the trunk below 
L2 pass upward to reach the L1-2 white rami. Noxious stimuli 
in the lower lumbar and sacral levels will ascend in the sympa-
thetic trunk and enter the spinal cord at the thoracolumbar junc-
tion. This results in the referral of pain, subsequent facilitation, and 
palpatory fi ndings in the spinal segments at the thoracolumbar 
junction (6).

Somatosympathetic axons do not supply any skeletal muscle or 
skin, so damage to these nerves alone will not present with signs of 
denervation weakness or cutaneous analgesia.

While these nerves do not innervate muscle or skin, once facil-
itation has been established, the muscles are hypertonic and the 
skin is hypersensitive.

Dermatomes, Myotomes, and Sclerotomes
Lumbar dermatomes are located on the posterior lumbar paraspi-
nal region and the anterior part of the thigh, leg, and foot. Pain 
or paresthesia in these areas of skin provides clues to the level 
of nerve root involvement and nerve dysfunction and/or irrita-
tion. One method is for the physician to mentally construct three 
oblique lines, from superolateral to inferomedial, on the anterior 
thigh, dividing it into three equal sections. The inferior of these 
three oblique lines must go through the patella. From superior to 
inferior, these lines delineate dermatomes L1, L2, and L3. A line 
visualized from the patella to the big toe delineates the medial 
L4 dermatome from the lateral L5 dermatome. A small sec-
tion on the lateral side of the foot is the fi rst sacral dermatome. 
Figure 40.9 approximates the location of lumbar dermatomes of 
any patient. Note that different books illustrate dermatomal pat-
terns of various complexities. However, remembering that these 
divisions will vary slightly from person to person, this method pro-
vides an easy to recall, good general clinical pattern from which 
to work.

Figure 40-9 Dermatomal or radicular (nerve root) patterns. (Illus-
tration by W. A. Kuchera.)
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palpable inguinal nodes. The LLD passes through the fasciae of 
the left side of the thoracic inlet twice before emptying into the 
left brachiocephalic vein. All lymphatic fl uid (from anywhere in the 
body) must pass through the fasciae of the thoracic inlet on its way 
to the venous circulation and the heart.

Biomechanics Motion

The Vertebral Unit
From a functional anatomic or osteopathic perspective, a vertebral 
unit “is composed of two adjacent vertebrae with their associated 
disc, arthrodial, ligamentous, muscular, vascular, lymphatic, and 
neural elements” (11) (Fig. 40.10). In Clinical Biomechanics of the 
Spine, White and Panjabi label a vertebral unit as a functional spi-
nal unit (FSU) (12). They defi ne FSU as “two adjacent vertebrae 
and the connecting ligamentous tissues.” Therefore, the vertebral 
unit is different and more comprehensive than the FSU of the 
orthopedic specialist; the two should not be confused when com-
municating or when reading the literature. With stress, a vertebral 
unit behaves according to its structure, strength, fl exibility, and the 
functional ability of its ligaments, muscular, neural, vascular, and 
lymphatic connections. Both the vertebral unit and the FSU are 
given the same number as the cephalad vertebra of the unit. For 
example, the third lumbar unit is named L3. According to the ver-
tebral unit defi nition, however, it not only indicates L3 moving on 
L4, but also includes their associated disc, arthrodial, and ligamen-
tous, muscular, vascular, lymphatic, and neural elements.

Normal Motion
Moore (4) cites that the cervical and lumbar regions of the vertebral 
column are the most mobile and the most common sites of aches 
and pains. Lumbar motion is especially visible when the vertebrae 
of the lumbar spinal region move together as a group. The major 
motions are fl exion, extension, side-bending, and rotation.

Note that side-bending and rotation are coupled motions. 
Their direction of motion may be opposite (type I motion) or in 
the same direction (type II motion), but side-bending and rotation 
occur together in the lumbar spine; one cannot occur without the 
other.

There are also minor translatory motions occurring in opposite 
directions on each of the three planes of motion. A vertebral unit 
normally has 12 possible movements available to it and, therefore, 
12 movements that can be restricted in a somatic dysfunction of a 
joint. Somatic dysfunction usually involves these minor motions, 

Myotomal pain is associated with cramps, weakness, and 
myofascial trigger points in the muscles that share innervation 
from the same irritated nerve roots.

Sclerotomal pain is described as vague, deep, toothache-like 
pain. It arises from ligaments, bones, or joints that share innerva-
tion from the same irritated nerve root. Knee pain, for example, can 
be the result of irritation of the L3 vertebra, ligaments in the L3 
region, the pubic symphysis, the hip, or the knee. All of these sites 
have the same L3 sclerotomal origin.

Vasculature and Lymphatics

Blood Vessels
The lumbar spinal cord receives its arterial blood supply from seg-
mental radicular arteries. In the lumbosacral region, one of these 
radicular arteries, the arteria radicularis magna, is larger than the 
rest and is the source of blood for the inferior two thirds of the 
spinal cord (4). The rest of the cord receives blood from associ-
ated segmental arteries. Arteries supplying a lumbar vertebra enter 
around the circumference of the vertebral body, especially near its 
transverse processes.

Evaluation of the patient with lower back pain should include 
an abdominal exam. Abdominal bruits over the renal arteries, iliac 
arteries, or the aorta indicate disease. A pulsatile mass to deep pal-
pation always warrants investigation. Although more commonly 
seen in the elderly, an abdominal aortic aneurysm can be seen in 
young people with certain conditions (such as Marfan disease). The 
back pain in a dissecting aortic aneurysm is described as “ripping” 
in nature; however, it may be progressive and less intense as well.

Venous blood drains the spinal cord via a profuse plexus of 
thin-walled veins that communicate with the profuse, valveless 
venous plexus in the vertebrae and the anterior and posterior longi-
tudinal veins of the dura. Venous blood from the profuse vertebral 
plexus of valveless veins drains into a large basivertebral vein (4), 
which exits from a foramen located in the posterior surface of each 
vertebral body. All of these veins are valveless. Venous blood from the 
spinal cord can drain into radicular veins or can drain cephalad into 
the large, valveless venous sinuses of the dura.

The profuse, valveless venous plexus of the spinal cord, verte-
brae, communicating veins, and large, intracranial venous sinuses 
are of great clinical importance. An increase in intra-abdominal or 
intrathoracic pressures, as occurs with coughing, Valsalva maneu-
vers, or fascial tensions, can reverse the fl ow of venous blood and 
become a factor in the metastasis of primary abdominal and pelvic 
malignancies to the spine and brain. This mechanism also explains 
headaches and other central nervous system symptoms from 
increased venous pressure associated with visceral, spinal cord, or 
vertebral dysfunction. The blood from the muscles of the lumbar 
region drains into the inferior vena cava. It does not drain into 
mesenteric veins or pass through the portal system of the liver, as 
the venous blood from the abdominal and pelvic viscera does.

Lymphatics
Lymphatic fl uid from all abdominal and pelvic viscera drains into 
the thoracic duct, which is also called the left lymphatic duct 
(LLD). All somatic lymphatic vessels at and inferior to a horizon-
tal plane through the umbilicus drain into the inguinal nodes, the 
deep pelvic external and common iliac nodes, the preaortic and 
lateral aortic nodes, and then into the LLD. Note that lymphatic 
vessels from the gonads or the viscera do not drain into the inguinal 
region, but drain into the deep lymphatic vessels of the pelvis 
and then into the cisterna chyli. Therefore, gonadal and pros-
tate infl ammation or malignancy is not associated with enlarged, Figure 40-10 Vertebral unit.
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opposite sides. This may be due to a group curve, or to congenital 
facet tropism, or a sacral torsion. When L5 is part of a forward tor-
sion dysfunction of the sacrum its diagnosed motion is found to be 
rotated in an opposite direction to the rotation of the sacrum and 
sidebent toward the involved oblique axis.

INTEGRATED PHYSICAL EXAMINATION

A complete physical examination is performed, with special 
emphasis on regions that are spotlighted by the history, or that 
have a functional association. Examining the part of the body that 
is painful is best left for the last portion of the evaluation. Do not 
forget to evaluate the vital signs in a patient with low back pain. 
Vital signs can document the presence of fever associated with an 
infection or neoplasm. Tachycardia may be the sympathetic ner-
vous system’s response to the patient’s pain. Many times, objec-
tive physical examination fi ndings do not correlate with lower 
back pain. However, reliable physical examination signs consist 
of measurements of lordosis, fl exion range, determination of pain 
location on fl exion and lateral bend, measurements associated with 
straight leg raising (SLR) test, determination of pain location in 
the thighs and legs, and sensory changes in the legs (7). Repeat re-
examination is needed to correlate the validity and reproducibility 
of physical fi ndings with other components of patient evaluation 
for low back pain. There also are ways to evaluate for functional 
defi cits and disabilities in low back pain patients. The following 
physical examination functional assessment questionnaires evalu-
ate for disabilities:

■ Oswestry disability index
■ Roland-Morris disability questionnaire
■ Hendler 10-minute screening test

Prior to the examination, evaluate the patient’s body type and 
anticipate positions you will need to have the patient in to obtain 
the physical fi ndings. Obtain as much information in each posi-
tion as possible. Be effi cient. Portions of various exams will need 
to be integrated based on the patient position. Obtaining palpa-
tory information is integrated with the other aspects of the physical 
exam. There is not an “add–on” osteopathic exam at the end of the 
patient encounter. In this chapter, only the more common points 
related to the lumbar spine and low back pain are described. The 
physical examination is extremely important in formulating a dif-
ferential diagnosis.

Observation and Gait

What is the patient’s appearance? Observation of posture and 
activity often provide the fi rst clue to dysfunction. Posture mimics 
a patient’s inner self more than his or her complaints or responses 
to direct questioning. An example would be the slumped posture of 
a depressed patient. During observation, it is important to expose 
the skin of the area in question in a professional manner. Be sure to 
evaluate the skin, especially in a back pain patient. A number of the 
spondyloarthropathies cause dermatologic abnormalities. Psoriasis 
causes erythematous raised plaques with overlying scales that occur 
on extensor surfaces (elbows and knees) and on the scalp. Painful 
vesicles distributed in a dermatomal pattern may indicate herpes 
zoster. Erythema migrans, a large, raised erythematous skin lesion, 
is the cutaneous hallmark of Lyme disease. Abnormalities of any 
superfi cial structures are noted. These abnormalities include a tuft 
of hair over the spine, which may indicate a congenital abnormality, 
such as spina bifi da occulta. Café au lait spots are associated with 
neurofi bromatosis.

and that dysfunction then affects the major motions that are 
possible for that joint. The pattern for multiple plane motion of a 
vertebral unit depends on the position of the sagittal plane of the 
spine when a vector of rotation or side-bending is introduced.

When the spine is in its neutral positional range, side-bending 
and rotation normally occur to opposite sides in multiple units, 
and this is called type I motion or type I mechanics. Type I motion 
occurs when it is predominately the vertebral bodies and discs that 
infl uence spinal action.

When the lumbar spine is fl exed far enough or extended far 
enough that it is out of the neutral sagittal plane range and into 
the nonneutral sagittal plane range, rotation and side-bending nor-
mally occur to the same side, usually in the vertebral unit where 
the forces are localized. This is called type II motion or type II 
mechanics. Type II motion occurs when the facets exert the major 
infl uence on spinal motion.

There is another way of stating these two normal motion prin-
ciples. In the neutral mechanical range for the sagittal plane (where 
multiple plane motion is predominately directed by the vertebral 
bodies and discs), side-bending and then rotation occur to opposite 
sides in a group of vertebrae, or rotation occurs toward the convex-
ity of the curve. This is type I motion and is expected to occur in a 
group of vertebral units because of the joint facings, as well as the 
construction and ligamentous attachments of the lumbar vertebrae. 
In the lumbar region, this type of multiple plane motion occurs 
through a greater arc of extension than fl exion.

If the lumbar sagittal plane is in a mechanical range where 
fl exion or extension is suffi cient to engage the facets as the prime 
movers of the spine, multiple plane motion will result in rotation 
and then side-bending occurring to the same side. This can also be 
stated as rotation into the concavity of the intended side-bending 
and is type II motion or type II mechanics. Positioning in the sagit-
tal plane that is suffi cient to induce type II mechanics with mul-
tiple plane motion is usually localized in a single vertebral unit. 
After type II motion occurs in that one vertebral unit, the other 
vertebral units involved in the group side-bending curve normally 
move according to type I mechanics.

Neutral, type I, and non-neutral, type II, motions are a usual 
and normal biomechanical occurrence during the performance of 
daily activities. When an activity is over, the spinal units that are 
free of somatic dysfunction will return to their neutral, resting posi-
tions. If motion is tested, they will exhibit ease of motion in all of 
their usual planes of motion.

Although the lumbar spine can normally fl ex about 40 degrees 
and extend about 30 degrees, non-neutral, type II motion is more 
likely to occur in the lumbar and thoracic spine when the spine is 
in a straightened confi guration. Therefore, non-neutral mechanics 
with type II motion for the lumbar spinal region are more likely to 
occur when the lumbar spine is fl exed. However, it is possible to 
produce type II motion with extreme lumbar hyperextension, as 
might occur when a high diver enters the water, when a gymnast 
does a back walkover, or when a painter stands on a ladder and 
reaches up to paint a high ceiling.

Atypical Motion
Atypical motion patterns found during motion testing of single 
spinal segments do exist. These are typically thought to be traumat-
ically introduced, or due to disc disease, facet tropism, or asymmet-
ric muscle tensions. Palpating motion of L5 reveals many different 
fi ndings. L5 has normal Type II physiologic motion (as described 
by Fryette) where sidebending and rotation occur to the same side 
when signifi cant fl exion or extension is introduced. When testing 
L5 in a neutral position: sidebending and rotation may occur to 

Chila_Chap40.indd   559Chila_Chap40.indd   559 8/4/2010   7:36:20 PM8/4/2010   7:36:20 PM



560 III • APPROACH TO THE SOMATIC COMPONENT

for lateral bending 15 to 20 degrees, and for rotation 3 to 
18 degrees (7). Passive motion testing is performed by the physi-
cian with the patient remaining relaxed. It is important that the 
physician observe not only the quantity of motion, but also the 
quality of motion.

Examination of Other Body Systems

In the low back pain patient, always evaluate heart, lungs, and 
abdomen on each patient visit. Auscultate the four quadrants of 
the abdomen to determine the presence, location, frequency, and 
pitch of peristaltic waves. An intermittent, low, occasional slow 
gurgle is normal. Conversely, high-pitched tinkling sounds may 
denote a developing bowel obstruction. Absence of bowel sounds 
may indicate a paralytic ileus. A bruit in the midline of the abdo-
men between the xiphoid process and the umbilicus could indicate 
renal stenosis or abdominal aortic aneurysm (especially when asso-
ciated with a pulsating abdominal mass). A bruit at the junction 
between the middle and outer two thirds of the inguinal region 
could indicate a signifi cant atherosclerosis of the common iliac or 
femoral artery. A bruit over the umbilical region could indicate a 
saddle thrombosis or severe atherosclerosis at the bifurcation of the 
abdominal aorta. The abdomen is also palpated for masses. Palpa-
tion is aided by mental visualization of the liver, kidneys, stomach, 
small intestines, bifurcation of the aorta at the level of the umbi-
licus, and the colon. The midline region between the xiphoid and 
umbilicus should be palpated for any pulsating tumor (abdominal 
aneurysm). Anteriorly occurring pulsations are normal, but lateral 
pulsations of the aorta suggest an aneurysm, especially if it is wid-
ened greater than 1 in (a normal adult abdominal aorta should not 
be wider than 1 in). Anterior Chapman points related to organs 
associated with symptoms in the lumbar region are located around 
the umbilicus, the pelvis, and in the iliotibial bands. Tender points 
in these locations may be associated with hypersympathetic activity 
resulting from viscerosomatic refl exes initiated in an irritated colon 
or pelvic organ, and the physician should question the patient 
regarding dysfunction of the organ most likely to be associated 
with that particular tender point. A positive response to specifi c 
questioning helps position a somatic clue according to its signifi -
cance and rank when considering a differential diagnosis. Other 
physical examination tests for the abdomen of a patient are covered 
in other chapters.

If you suspect an arthritic process or other rheumatologic 
presentation, the eye examination may reveal the presence of 
conjunctivitis (reactive arthritis) or iritis (ankylosing spondylitis). 
Examination of the oropharynx may reveal painless (reactive arthri-
tis) or painful (Behçet syndrome) oral ulcers. Lymphadenopathy 
may be associated with neoplastic processes (lymphoma) infectious 
processes (tuberculosis and subacute bacterial endocarditis) or idio-
pathic processes (sarcoidosis).

Neurologic Testing and Muscle Strength

It is important to perform a good thorough neurologic examination 
prior to evaluating the lumbar spinal segments. Attention is paid to 
the sensory, motor, and deep tendon refl ex aspects of the neurologic 
examination. It is common practice to evaluate for muscle atrophy 
(lower motor neuron), dural tension signs and nerve root irritation 
(radiculopathy), and muscle spasticity with clonus (upper motor 
neuron). The differentiation of upper motor neuron, nerve root, 
and peripheral nerve lesions is an important one. Here are some 
clinical pearls that are helpful in evaluating sensation, strength, and 
deep tendon refl exes (DTRs).

Is there asymmetry of a region of the body when the whole 
body is observed? Clues to lumbar dysfunction may be indicated 
by observing the spacing difference between the arms and the hip/
waist on each side of the body. This sign may indicate the presence 
of scoliosis, strain from sacral base unleveling, or a unilateral mus-
cle spasm. If the protective spasm is unilateral owing to injury of 
the tissues on one side of the spine, scoliosis develops. The spine is 
tilted to one side because of one-sided muscle spasm. If the patient 
likes to stand in a forward-bent position, consider bilateral psoas 
muscle spasm, or a condition that is putting pressure on lumbar 
nerves in the intervertebral foramen. If the patient is leaning for-
ward, to one side and has the ipsilateral foot everted when standing 
or walking, consider a unilateral psoas spasm. If this develops into 
a full psoas syndrome on one side, the patient may also complain 
of pain in the contralateral hip and leg, rarely past the knee. When 
a patient stands very erect and dislikes bending forward, he or she 
may be protecting a herniated disc or be suffering the effects of 
spinal stenosis, especially if there are other symptoms, such as mus-
cular weakness, refl ex changes, or muscle atrophy. Patients with 
legitimate back pain tend to resume the erect position with a fi xed 
lordosis and without any spine movement (7). Arching the back 
and increasing the lordosis forces the facet joints together, narrows 
the foramen through which the nerves exit the spine, and com-
presses the disc posteriorly.

Patients with herniated discs have changes in their posture and 
gait. Disc herniation can also cause scoliosis by irritating nerves on 
one side of the spine. This usually occurs at the L4-5 level. Her-
niation of a nucleus pulposus lateral to the corresponding nerve 
root causes a sciatic list away from the side of the irritated nerve 
root. Herniation of a nucleus pulposus medial to the corresponding 
nerve root causes a sciatic list toward the side of the irritated nerve 
root (7). Patients do not like to bear weight on the leg that has 
sciatica or radicular pain.

Evaluating gait is important in evaluation of the lumbar spine 
and in the patient with back pain. In normal gait, the following 
events occur: Heel strike, Pronation, Midstance, Swing Phase, 
Loading medial foot, and the Push-off. Defi ciencies in each of 
these phases may mean different things. Patients with an abnormal 
gait may limp, lurch, turn their foot outward, or hike their hip. 
Neurologic disorders such as Parkinson disease can cause a fenes-
trating or shuffl ing type of gait.

Standing Postural Examination

The standing postural examination gives useful information prior 
to evaluating the lumbar spine. There are specifi c fi ndings to con-
sider from the standing structural exam that will help you diagnose 
and treat the lumbar region. The presence of paravertebral muscle 
humping on one side or the other may be indicative of a group 
lateral curve (scoliosis). Unequal iliac crests, unequal greater tro-
chanters, and asymmetric sacral sulcus depth may indicate a short 
leg syndrome and sacral base unleveling. During the lateral view, 
an increased or decreased lumbar lordosis is important to note. The 
presence of pelvic sideshift may correlate with an iliopsoas spasm 
on the side opposite the shift.

Active Motion Testing

Active motion is motion performed by the patient without assis-
tance. It is always a good idea (especially after an injury) to have 
the patient actively move (prior to passive testing) to see his or 
her limits due to pain. The normal lumbar range of motion for 
forward fl exion is 40 to 60 degrees, for extension 20 to 35 degrees, 
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osteopathic physicians treat functional restrictions of motion, not 
only positional changes. Therefore, the lumbar spine’s relationship 
to mechanics above and below must be evaluated.

Palpation of Tissue Texture Changes

Palpation for tissue texture changes and motion testing of the 
lumbar spinal segments is typically done seated or prone. Some-
times, palpation of the lumbar spine is done in the supine position, 
especially in the hospitalized patient. Tissue texture changes are 
palpable evidence of physiologic dysfunction. This may be due to 
positional change of a vertebral segment or perhaps from a vis-
cerosomatic refl ex from the kidneys, ureters, colon, or pelvic vis-
cera. These patterns called viscerosomatic refl exes may or may not 
be related to the patient’s chief complaint. Finding such refl exes 
may require the physician to perform a more detailed history or 
modify the patient’s work-up.

Once an area of tissue texture change is found, segmental 
motion testing in that region is performed. This includes deter-
mining rotational, sidebending/translation, and fl exion/extension 
motion restrictions. Determination is made if the fi ndings support 
the diagnosis of a type II single segment dysfunction or a type I 
group curve dysfunction. For dysfunction to be present, the com-
ponents of Tissue texture change, Asymmetry, motion Restriction, 
and Tenderness need to be present. The more of these that are 
present indicates the stronger association with somatic dysfunc-
tion. Besides palpation for restrictions in spinal joint motion, the 
astute clinician will also check for the presence and signifi cance 
of Jones tenderpoints, Chapman’s points, and myofascial restric-
tions. The presence of Chapman refl exes and puffy or boggy tis-
sue texture changes may indicate that a viscerosomatic refl ex is 
present. Motion of the lumbar spine when signifi cant visceroso-
matic refl exes are present is described as a “reluctance to motion,” 
as contrasted to an absolute restriction. The barrier is “rubbery”, 
as if more and more tight muscles are being engaged as the end 
point of permitted motion is reached. When motion testing, the 
clinician may fi nd less segmental fi ndings and more muscle/group 
fi ndings.

Group Curve: Fryette Type 1 Mechanics

Group Curves are best identifi ed with the patient standing or 
seated. The curve appears as prominent muscle mass over the 
convexity. The prominent muscle mass is a refl ection of the rota-
tional component of the curve. Curves can be tested for rotation 
and sidebending (seated position preferred). Standing behind the 
seated patient, control the patient’s upper torso with one hand over 
the patient’s shoulder girdle with your forearm in front of the other 
shoulder. (e.g., the physician’s left hand would be over the patient’s 
right shoulder, while the physician’s left forearm would be in front 
of the patient’s left shoulder) For gross motion testing, the phy-
sician’s right hand would contact the patient’s lumbar paraspinal 
area. The physician, using both the upper torso control and push-
ing directly over a lumbar transverse process, would introduce left 
rotation. To test right rotation, the physician has to change hands 
(right hand and forearm controlling the upper torso, left hand on 
left paraspinal area). Sidebending can be evaluated by providing a 
sidebending force through the upper torso and monitoring move-
ment at the lumbar segments. Lateral curves are relatively free 
when attempting to increase the curve and somewhat resistant 
when attempting prone motion testing.

Sacral base unleveling from inequity of leg length, among other 
things, will result in lumbar type I mechanics. Typically, the resulting 

Sensation

The clinician can evaluate gross sensory loss, or more specifi c 
sensory loss. A knowledge of the dermatomes is important as well 
as a knowledge of the distribution of the peripheral nerves. The best 
way to evaluate sensation is by two-point discrimination. Many 
clinicians use a bent paper clip for this test. Testing for hot/cold 
evaluates the spinothalamic tract. Evaluation for balance and prop-
rioception evaluates the dorsal column/medial lemniscal system.

Muscle Strength

Of the possible neurologic abnormalities, true muscle weakness is 
the most reliable indication of persistent nerve compression with 
loss of nerve conduction (5). The patient should perform 10 toe 
raises on both feet and 10 more on each foot separately. Repeated 
testing causes fatigue, which accentuates differences in strength in 
the lower extremities. Patients may also be asked to walk on their 
heels to test for strength of the dorsifl exors of the foot (L5), or walk 
on their toes, which test the gastrocnemius/soleus complex (S1).

Deep Tendon Refl exes

DTRs are monosynaptic. Performing them correctly and symmet-
rically is important. You can reinforce the refl ex by having patients 
attempt to pull apart their locked hands will distract them, allow-
ing for relaxation of muscles. Unilateral loss of an ankle refl ex is 
a signifi cant neurologic sign, irrespective of age (5). Hyperactive 
refl exes may indicate an upper motor neuron lesion. Certain meta-
bolic conditions can affect the deep tendon refl ex (thyroid disease, 
calcium, and magnesium abnormalities).

Abdominal Refl exes

The superfi cial abdominal refl ex is elicited by rubbing a sharp 
object in a rhomboid shape on the abdomen. A positive abdominal 
refl ex, results in the retraction of the umbilicus in the direction of 
the quadrant stroked. Unilateral absence of the refl ex suggests a 
lesion of an ipsilateral nerve root between T7 and L2, depending 
on the quadrant affected. If a positive Babinski refl ex is present, the 
absence of abdominal refl exes takes on greater signifi cance.

The clinician who evaluates the patient with low back pain 
needs to understand sensory, motor, and refl ex changes that can 
occur at the L1 through S1 levels (see Table 40.4).

Autonomic Dysfunction

Nocioception from the low back, and especially the low lumbar 
spine, is transmitted to the cord by way of the C-fi bers. These 
fi bers travel with the sympathetic chain, enter the thoracolumbar 
area, synapse in the intermediolateral cell columns, and produce 
signifi cant thoracolumbar irritability. To the palpating clinician, 
the muscles are hyperactive, hypertonic, and irritable. The sympa-
thetic chain terminates in the ganglion impar, which is the lowest 
level of sympathetic ganglia in the spinal area.

Palpation and Motion Testing

The lumbar region is assessed during the physical examination in the 
same fashion as all other regions of the spine. Regional and segmental 
mechanics should be identifi ed by evaluating the patient’s over-
all body pattern; looking for tissue texture change, asymme-
try of position, restriction of motion, and tenderness. As a rule, 
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compensatory lumbar curve will be convex on the side opposite 
the thoracic primary scoliotic convexity. A thoracolumbar con-
vexity may also be seen with idiopathic scoliosis. In this case, the 
curve may be convex left or right (Fig. 40.11). If a lumbar curve 
is the primary curve (greater as determined by Cobb method) 
(Fig. 40.12), the compensatory thoracic curve will be on the 

curve will be convex on the low side of the sacral unleveling. 
Pelvic sideshift to one side usually results in a lumbar curve convex 
on the opposite side. A type I lumbar curve may also develop as 
compensation for group curve mechanics above, as in idiopathic 
scoliosis. In idiopathic scoliosis, if the primary curve is thoracic, 
the convexity will commonly be on the right side. Typically, the 

Figure 40-11 Curve patterns in idiopathic types of scoliosis classifi ed by location.
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Segmental Dysfunction: Fryette’s Type II Mechanics

Most students of the ostepathic medical profession prefer the prone 
position for determination of type II mechanics of the lumbar spine. 
The prone position is ideal for evaluating tenderness and tissue texture 
abnormality. To diagnose the lumbar spine in the prone position, place 
your thumbs over the transverse processes. “Grab some torso” with 
the rest of the hand. Instead of attempting to rotate a segment by 
pushing on a transverse process, rotate the torso with your hands in 
addition to applying pressure over the transverse process. Rotation 
is evaluated by grasping the patient’s torso with the thumbs over the 
transverse process area. Rotation testing of each of the fi ve lumbar 
vertebrae is the most accurate and time-effi cient method of screening 
for lumbar somatic dysfunction, because the transverse processes are 
directly lateral to the spinous process of the lumbar vertebra being 
tested. Instead of simply pushing anteriorly over the transverse pro-
cess, attempt to rotate the entire segment and the torso. Compare 
freedom versus resistance. Remember from a terminology issue, the 
direction of movement of the most anterior superior portion of the 
vertebral body is the direction of rotation. Additionally, you should 
be able to palpate tissue texture abnormality in an area of motion 
restriction. Sidebending with the patient in the prone position is 
tested using the same physician hand placement, but lateral transla-
tion is applied instead of rotation. Right translation is similar to 
left sidebending. Flexion and extension are tested with downward 
(anterior) pressure over the spinous process. Resistance to anterior 
pressure suggests a fl exed dysfunction, while excess freedom with 
anterior pressure suggests extension. Most psoas dysfunctions are 
associated with a fl exed upper lumbar dysfunction.

For seated segmental motion testing, force can be localized to 
a segment by placing your thumb on the side of a lumbar spinous 
process. Evaluating translation is particularly effective. In addi-
tion to introducing and controlling motion through the patient’s 

opposite side. In both these examples, the lumbar spine will 
demonstrate type I mechanics as described above.

Diagnosis of group curves involves a signifi cant component of 
inspection. On forward bending, the rotational component of the 
curve produces a “humping” of the paravertebral muscle mass. In the 
thoracic spine, the scapula protrudes posteriorly. A group curve is 
group motion (two or more segments), with rotation and sidebend-
ing to opposite sides. Motion of a group curve can be evaluated by 
sidebending the curve. A lateral curve will increase with sidebend-
ing toward the concavity and will resist sidebending toward the 
convexity. A rotational test may yield confusing results depending 
on which part of the curve you are trying to rotate. If you push on 
the convex side from the apex down, you will experience resistance 
to rotation. However, if testing a segment above the apex, you will 
have to push on the concave side to encounter motion restriction. 
Relative to tissue texture change, there is muscle hypertonicity on 
the convex side, greatest at the apex. The muscles on the convex 
side of a lumbar group curve have been stretched. The muscles on 
the concave side of a group curve are shortened. Remember, pal-
pate from side to side to pick up these tight superfi cial muscles. 
Relative to clinical problem solving, you need to ask the question: 
What is the cause of the curve? Some curves have existed for a long 
period of time so that anatomic adaptation has taken place. Given 
an anesthetic and curare (which paralyses muscles), the curve will 
persist. The cause is often from postural imbalance, scoliosis, or 
trauma. Some curves are not fi xed, and are of short duration. The 
cause may be postural imbalance. However, sometimes a focal mus-
cle contraction on the concave side is the cause of the curve. This 
focal contraction may be associated with a type II dysfunction with 
rotation into the concavity of the group curve. The curve represents 
a positional adaptation to the local muscle pull from a single seg-
ment dysfunction. If you treat the cause of the local muscle pull 
(or “kink”), the curve will disappear (13).

Figure 40-12 Measurement of curvature and rotation using the Cobb method. In the Cobb method, identifi cation 
of the top and bottom of each curve is most important.
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the dura and nerve roots. Symptoms produced at elevations above 
70 degrees may represent nerve root irritation, but may also be 
related to mechanical low back pain secondary to muscle strain 
or to joint disease (7). The test is considered positive when the 
patient’s radicular symptoms are reproduced. The diagnostic 

shoulder girdles, introduce a translatory motion by contacting the 
patient’s torso (left side) with your torso. While you can provide 
some force with your thumb, it is a “monitor.” Given a lumbar seg-
ment that is type II, rotated and sidebent right, translating the seg-
ment right produces left sidebending. The quality and quantity of 
motion can be assessed. You have to switch your hands to evaluate 
the left side.

Flexion/extension can be tested initially monitoring the lumbar 
segment (spinous process area) while a fl exion or extension force is 
introduced from above. For extended dysfunctions, excess freedom 
of backward bending is easier to detect than restriction of forward 
bending. For fl exed dysfunctions, the spinous process will resist an 
anterior force, and will resist extension from above.

Diagnosing fl exion vs. extension is critical. Dr. Robert Kappler, 
D.O., F.A.A.O., describes a corollary he developed to the Muscle 
Energy diagnostic model. Called “Kappler’s Corollary” by osteo-
pathic students in Chicago, the process involves diagnosing type 
II dysfunctions through segmental motion testing (lateral transla-
tion and/or rotation) when the restrictive barrier is engaged or not 
engaged. When the barrier is engaged, segmental motion will be 
excessively restricted. For example, assume L2 is extended, rotated 
and sidebent right. With the lumbar spine relatively extended, 
rotational restriction at L2 will be minimal. When fl exion at L2 
is introduced, and rotation is tested, restriction of left rotation will 
be very obvious. Additionally, with L2 fl exed, translation of L2 to 
the right will be signifi cantly restricted. Remember, treatment of 
type II (non-neutral) dysfunctions requires a proper diagnosis of 
the fl exion/extension component as well as the rotation and side-
bending component.

Atypical Findings

It is not uncommon to fi nd single segment dysfunction that does 
not obey Fryette’s principles of spinal motion. This is especially 
true at the L5 level. Variations in anatomy (facet tropism, transi-
tional segments etc.) can cause atypical mechanics as well as trau-
matic injuries to the area. Figure 40.13 shows palpatory fi ndings 
of spondylolisthesis. Disc protrusions with local muscle splint-
ing/guarding can also make accurate diagnosis of the mechani-
cal pattern inconsistent. When atypical segmental mechanics 
are present at L5, look for group curve mechanics and if a for-
ward torsion is present. L5 may have single segment dysfunc-
tion, be part of a group curve, or be part of a forward or backward 
torsion.

Specifi c Tests

Straight Leg Raising Test (Lasègue Test)
The classic test of sciatic nerve (L1-5, S1) irritation is the SLR 
test (Fig. 40.14). Its purpose is to stretch the dura. The more useful 
SLR test is done by raising the leg with the knee extended. When 
the sciatic nerve is stretched and its nerve roots and correspond-
ing dural attachments are infl amed, the patient experiences pain 
along its anatomic course to the lower leg, ankle, and foot. The test 
is performed with the patient in the supine position and the hip 
medially rotated and adducted, with the knee extended, the exam-
iner fl exes the hip until the patient complains of pain in the back 
of the symptomatic leg (18). Symptoms should not be produced 
in the lower leg until the leg is raised to 30 to 35 degrees. Ini-
tiation of the radicular pain at a lower angle of leg elevation (i.e., 
30 degrees) is associated with a larger disc protrusion documented 
at the time of surgery (7). Until 30 degree elevation, there is no dural 
movement. Between 30 and 60 to 70 degrees, tension is applied to 

Figure 40-13 Location of anteriorly located spinous process (drop-
off sign) depends on underlying mechanism of spondylolisthesis. 
A. In dysplastic spondylolisthesis, L5-S1 horizontal facets allow 
entire spine to glide forward creating drop-off between L5 and 
S1. B. In isthmic spondylolisthesis, pars defect between L5 and S1 
allows anterior elements of L5 to slide forward along with the rest of 
the spine. Posterior elements of L5 remain behind with the sacrum, 
creating drop-off between L4 and L5. C. Degenerative spondylolis-
thesis at L4-5 does not affect anterior and posterior elements of the 
vertebral unit and therefore the drop-off sign is located between 
L4 and L5.
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Figure 40-14 Straight leg raising.

Figure 40-15 Bragard test.

nerve—L2, L3 (Fig. 40.17) (1,18). With the patient prone, the 
L2-3 nerve roots are stretched by bending the knee until the heel 
reaches the ipsilateral buttocks. In patients who cannot achieve 
this, the examiner should fl ex the patient’s knee as far as possible, 
then passively elevate the thigh up from the examining table. The 
fl exed knee position should be maintained for 45 to 60 seconds. 
The test is positive if unilateral pain is reproduced in the lumbar 
area, buttocks, and or posterior thigh (18). If unilateral pain is pro-
duced in the front of the thigh (femoral stretch test), this indicates 
tight quadriceps muscles or a stretching of the femoral nerve (18).

Slump Test
The slump test adds more specifi city to the SLR test by plac-
ing more dural tension on the affected nerve roots. The seated 
patient is asked to slump all the way forward and extend the neck 
(Fig. 40.18). If no symptoms are produced by this position, the 
examiner then holds the patient’s head down (keeping the patients’s 
shoulders slumped) to see if patient’s pain is produced. If no pain is 
present, the clinician extends one of the patient’s knees. If still no 
symptoms are produced, then the clinician should passively dorsi-
fl ex the patient’s foot (18). Each of these provocative maneuvers 
applies more tension causing impingement of the dura and spinal 
cord or nerve roots.

accuracy of the SLR test is limited by its low specifi city. The 
diagnosis of a radiculopathy should not be based on an SLR test 
alone but on the totality of evidence from all the physical fi ndings.

Bragard Test
A modifi cation of the SLR test, called Bragard test, involves dor-
sifl exion of the patient’s ankle (Fig. 40.15). As the leg is lowered 
back toward the table, until the patient experiences no pain, the 
examiner then dorsifl exes the ankle. If the dorsifl exion movement 
of the ankle reproduces the patient’s symptoms, then the test is 
positive indicating a radiculopathy (18).

Contralateral—Straight Leg Raising Test
A positive contralateral SLR test is when the clinician lifts the 
uninvolved leg and the patient experiences radicular symptoms 
down the involved leg (Fig. 40.16). A positive contralateral SLR 
test is less sensitive but more specifi c than the SLR test for disc her-
niation (1). The test is usually indicative of a large disc herniation 
usually medial to the nerve root affecting both exiting roots (18).

Nachlas Test (Prone Knee Bending Test)
For “high” discs (L2-3 and L3-4), dural irritability is checked by 
the Nachlas test, which assesses irritation of the roots of the femoral 

Figure 40-16 Contralateral SLR.

Figure 40-17 Nachlas test.
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Cauda Equina Syndrome
Cauda equina syndrome is a condition of spinal nerve root 
compression, usually by a massive disc protrusion, fracture or 
tumor that results in bowel and/or bladder dysfunction. Cauda 
equina syndrome requires emergent management and surgical 
decompression within 48 hours or permanent neurologic damage 
can ensue. Although there is not one single test to determine cauda 
equina syndrome, the clinician needs to be aware of this medical 
emergency. In suspected cases, sensory loss of the perineum (saddle 
anesthesia) and decreased anal sphincter tone are found. If these 

Schober Test
Schober test is typically used to measure the amount of lumbar fl ex-
ion (Fig. 40.19). A point between the sacral dimples (level of S2) 
is marked with a horizontal line. The second point is marked 5 cm 
below this line. A third point 10 cm superior to the sacral dimples 
is also marked. The patient is asked to bend forward and the dis-
tance is measured. Patients with less than 4 cm of movement have 
decreased lumbar fl exion. Lumbar extension can also be measured 
in this fashion. Patients with spondyloarthropathies have abnormal 
measurements and an abnormal Schober test (18).

Figure 40-19 A,B. Schober test.Figure 40-18 A,B. Slump test.
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lies supine on the examination table and holds the uninvolved knee 
to his or her chest, while allowing the involved extremity to lie fl at. 
Holding the knee to the chest fl attens out the lumbar lordosis and 
stabilizes the pelvis. If the iliopsoas muscle is shortened, or a con-
tracture is present, the lower extremity on the involved side will 
be unable to fully extend at the hip (i.e., the thigh and popliteal 
region will not lay fl at on the table). Degrees of hip fl exion can be 
measured with a goniometer. The Thomas test is a “positional test,” 
and unlike the prone evaluation of hip extension provides limited 
“end feel.”

Evaluation of the Iliopsoas Muscle
Evaluation of the psoas muscle is a critical component to the eval-
uation of the lumbar spine. Iliopsoas hypertonicity is a common 
fi nding in acute and chronic lower back pain. Though a patient 
with chronic or subacute shortening of the psoas muscle can usu-
ally lie prone, the patient with acute psoas spasm or shortening 
cannot usually lay prone (fl at) on the table. In this case, the physi-
cian can have the patient turn to the lateral recumbent position and 
attempt to extend the leg at the hip.

Iliopsoas hypertonicity has a neurologic component in the 
upper lumbar spine (L1, L2 FRS dysfunction). Treatment of 
psoas problems must not neglect this upper lumbar component 
(8). Clinicians need to diagnose this and treat the L1, L2 region, 
in addition to treating or stretching the tight psoas muscle. Psoas 
tightness may be refl ex from disc herniations as well. Sometimes, 
psoas tension causes pelvic side shift so that the painful side bears 
less weight. For example, right lumbosacral pain will result in side 
shift right.

The basic biomechanical function is hip fl exion. The psoas 
muscle is a long restrictor muscle. Long restrictors span two or 
more joints. Hypertonicity/shortening of the psoas compresses the 
hip joint, the SI joint, and the lumbar spine. When the psoas mus-
cle is dysfunctional, it may also be weak. Attempting to exercise 
the psoas major simply compounds the problem. The hypertonic-
ity and shortening (with resistance to lengthening) is the problem. 
Psoas problems can produce anterior thigh neurologic symptoms. 
The lumbar plexus passes through the psoas muscle, and anterior 
thigh discomfort results from nerve irritation.

Since the psoas is a muscle of postural balance, postural imbal-
ance is a consequence of psoas problems. Pelvic side shift occurs 
with psoas tension; contraction of the left psoas produces pelvic side 
shift right. With pelvic sideshift right, a lumbar curve convex left is 
produced. Psoas hypertonicity causes restriction of SI motion, from 
compression and sometimes sideshift. If the seated fl exion test is 
positive, you must evaluate the psoas as a possible cause. Diagnosis 
of psoas problems involves two separate components:

1. Restriction of hip extension, and
2. Ipsilateral upper lumbar (L1 or L2) which is fl exed, rotated, and 

sidebent to the side of the shorter psoas.

Jones Tender Points, Chapman Refl exes

In a thorough physical examination of the lumbar spine, the cli-
nician should evaluate for the presence of Jones tenderpoints. 
Remember that Jones tenderpoints correlate to lumbar segmental 
dysfunction. If a Jones L5 anterior tenderpoint is present, the clini-
cian should evaluate the L5 segment for somatic dysfunction and 
vice versa. Treatment of the tenderpoint may improve or resolve 
the segmental dysfunction at L5. Treatment of the lumbar spine 
and/or sacrum may resolve the anterior L5 tenderpoint. So, Jones 
tenderpoints can give the clinician a clue of where articular dys-
function exists. Jones tenderpoints can also give the clinician a clue 

fi ndings are present, additional tests and emergent management 
must be undertaken.

Tests for Malingering
To evaluate patients with these functional disorders, a list of physi-
cal signs was developed by Waddell and colleagues (7). Any of 
the individual signs count as one if positive. A fi nding of three or 
more of the fi ve types is clinically signifi cant. Isolated positive signs 
are ignored. The physical signs include Nonanatomic/nonorganic 
tenderness, thoracic, or low back pain with vertical pressure on the 
skull of a patient who is standing, neck or back pain reported when 
the shoulders and pelvis are passively rotated in the same plane, 
numbness in the forearm in the supinated and pronated positions, 
and over reaction to a normal stimulus.

Testing the Abdominal Diaphragm
This test is for the diagnosis of abdominal diaphragmatic dysfunc-
tion, or testing for evidence of fl attening of the dome of the dia-
phragm. Diaphragm somatic dysfunction can occur in relationship 
to upper lumbar dysfunction. The physician grasps the lateral sides 
of the patient’s lower rib cage and tests for right and left rotational 
preference of the deep fasciae. Freedom of rotation in both direc-
tions is a negative test. The patient is instructed to, “Take a deep 
breath in and out.” At this point, if the patient has a fl attened dia-
phragm, movement can be detected on only one side of the thora-
coabdominal region.

Hip Drop Test
This test is a screening procedure to determine how well the lumbar 
spine compensates to sacral base declination. It is performed by hav-
ing the patient stand on one leg and observing the position of the 
pelvis. Negative test: The iliac crest on the unsupported side drops 
20 to 25 degrees, and there is a smooth lumbar curvature toward 
the weight-bearing side of the body. Positive test: The iliac crest 
does not drop 20 to 25 degrees on the non–weight-bearing side, and 
there is an angled, uneven, or poor lumbar spinal curve toward the 
weight-bearing side. A positive test indicates that the lumbar and/or 
thoracolumbar spine has diffi culty side-bending toward the weight-
bearing side of the body (i.e., the side opposite the positive test) (5).

Thomas Test
The Thomas test for psoas tension (hip fl exion contracture) is 
the standard evaluation tool in physical therapy and orthopedics 
(Fig. 40.20). Patients are tested in the supine position. The patient 

Figure 40-20 Thomas test.
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abdominal ganglia, and spinal somatic dysfunction, as well as 
with the palpation of the suspected organ system to determine 
their signifi cance. (Figs. 40.23 and 40.24).

DIAGNOSTIC IMAGING

Diagnostic imaging of the lumbar spine is useful especially in 
young patients (<18 years old), patients >50 years old (malignancy 
might be a concern), trauma cases, or patients who have a neu-
rologic defi cit. For patients with uncomplicated lower back pain 
and no other medical issues, radiographs should be reserved until 
patients have documented that they are refractory to conservative 
management (14).

Asymptomatic patients commonly have some x-ray and MRI 
changes in the lumbar spine. It is important to remember that 
just because anatomic change is present and identifi able on radio-
graphs, it is not necessarily the cause of any particular component 
of a patient’s pain. A study that highlights this point is one per-
formed by Friedenberg and Miller. They found that in asymptom-
atic patients between 30 and 70 years of age, 35% had radiographic 
evidence of spondylosis (14). Jensen and coworkers found only 35% 

of which muscle is dysfunctional and what muscles need exercises 
or stretches (Figs. 40.21 and 40.22).

Chapman refl ex points are palpated to determine if there is a 
visceral relationship to the patient’s lumbar spine complaint. Chap-
man refl ex points are one of the early diagnostic clues to irritation 
and dysfunction of viscera. If Chapman refl ex points for the lumbar 
region are to be evaluated, palpate for them at the beginning of the 
physical examination, because motion and repeated palpation or 
stretching of the myofascial tissues in their location will decrease 
their sensitivity and diagnostic value; their tenderness to palpa-
tion will disappear, at least for a period of time. Chapman points 
found around the umbilicus may be related to the bladder, kidney, 
or adrenal glands. Those over the pubic symphysis may be related 
to gonadal tissue. Posterior Chapman points to the large intestine 
lie in a triangular area on either side of the lower lumbar spine. If 
large bowel problems are suspected, do not give lumbar soft tissue 
treatment until you have palpated the anterior points related to 
the colon (found in the iliotibial bands) to secure data that would 
help confi rm this suspicion. Chapman points should be carefully 
correlated with history, palpation, tenderness of the collateral 

Figure 40-23 Treatment for upper thoracic type II dysfunction.

Figure 40-21 Setup.

Figure 40-22 Rotation to left.
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individuals with fever, unexplained weight loss, cancer history, 
neurologic defi cits, drug abuse history, an age older than 50 years, 
or trauma results in overutilization of roentgenograms compared to 
usual ordering patterns (14). As patients reach age 50, up to 95% of 
adults who come to autopsy show evidence of aging changes in the 
lumbosacral spine with disc space narrowing calcifi cation, or mar-
ginal sclerosis. Therefore, not everyone with acute low back pain 
requires a set of plain roentgenograms. If the clinician is comfort-
able with diagnosis of an acute low back strain in a young patient, 

of 98 asymptomatic individuals (mean age, 42.3 years) had normal 
lumbar MR scans (14).

Most neurodiagnostic imaging studies have a high sensitivity 
(the ability to detect anatomic abnormalities) but a low specifi c-
ity (the ability to remain negative in the absence of clinical dis-
ease). The CT scan and MRI of the lumbosacral spine detect 
anatomic changes that are not associated with symptoms in a sig-
nifi cant proportion of patients. Strict adherence to the 1994 Acute 
Low Back Pain Guidelines to obtain plain roentgenograms for 

Figure 40-24 Treatment for lower thoracic, type I dysfunction. A. Anterior and B. Posterior view.
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excellent technique to view the spinal cord within the spinal canal 
(14). MR is the preferred imaging modality for syringomyelia, 
atrophy, cord infarction, traumatic injury, intramedullary tumors, 
or multiple sclerosis affecting the spinal cord. MR also shows early 
changes in discs and vertebral endplates with infectious discitis 
(14). The sensitivity of MR is equal to or greater than that of myel-
ography. Most studies suggest that MR is more accurate in the 
detection of degenerative disc disease than discography or myelog-
raphy (14). MR is better at imaging soft tissue structures, whereas 
CT is superior for imaging bony structures. MR is more sensitive 
than CT for the diagnosis of herniated discs (14). MR, especially 
when used with gadolinium, has clear advantages for demonstrat-
ing intraspinal tumors, detecting disc space infection, and distin-
guishing recurrent disc herniation from postoperative scar (14).

CT Scan of the Lumbar Spine

CT creates cross-sectional images of the internal structure of the spine 
at various levels, and, with reformatting, one can also obtain coronal 
and sagittal sections. The CT scan assesses not only the bony con-
fi guration and structure–space relationship but also the soft tissue in 
graded shadings so that ligaments, nerve roots, free fat, and interver-
tebral disc protrusions can be evaluated as they relate to their bony 
environment in a single scan. The CT scan has the great advantage of 
being noninvasive and safely administered. CT is the study of choice 
for delineating the bony detail of the lumbar spine. CT is useful in the 
diagnosis and assessment of trauma, and tumors of the lumbosacral 
spine. CT scan can visualize the medullary portion of the vertebral 
body and can detect bone destruction before changes are visible on 
plain roentgenograms (14). Fragments of bone that may not be detect-
able by plain roentgenograms are localized to the spinal canal by CT 
techniques (14). Helical CT scanning is the technique that allows for 
the continuous spiral motion of the x-ray gantry tube. Helical CT is 
not used for the evaluation of spinal disorders. However, for detection 
of viscerogenic causes of low back pain, helical CT is an effective diag-
nostic tool. For example, helical CT imaging surpasses conventional 
roentgenograms for detection of ureteral stones and is used commonly 
in the emergency department in patients with back pain.

When compared with two-dimensional planar imaging (CT 
scan), SPECT offers improved image contrast and more accurate 
localization of lesion. For example, in patients with a spinal tumor, 
activity can be localized to specifi c positions, such as the vertebral 
body, pedicle, spinous process, or lamina (14). Lesions that affect 
the pedicles are a strong indicator of malignancy, whereas lesions 
in the apophyseal joints are more likely to be benign (14). SPECT 
scan is useful in the evaluation of vertebral lesions, spondylolysis, 
stress fractures, facet arthritis, sacroiliitis, pseudoarthrosis, and 
spinal fusion status.

Radionuclide Imaging (Triple Phase Bone Scan or 
Bone Scintigraphy)

Radionuclide imaging is a sensitive yet not specifi c technique for 
the detection of bone abnormalities. Any process that disturbs the 
normal balance of bone production and resorption can produce an 
abnormality on bone scan. Increased osteoblastic activity (hot spot) 
is associated with greater concentration of radionuclide tracer on 
the bone scan. Interruption of the blood fl ow to the bone results in 
the absence of tracer on the scan (cold spot). The most useful study 
is a form of three-phase scan that involves an immediate blood pool 
image that is obtained by sequential images 3 to 5 seconds apart. 
Images are then obtained after several minutes, at 2 to 4 hours after 
injection, and occasionally at 24 hours to detect residual increase of 
bone activity (14). The most commonly used radiopharmaceutical 

treatment may proceed without radiographic evaluation for the 
fi rst 4 to 6 weeks after the onset of pain (14). Roentgenograms 
are indicated if there is no response to the treatment. On the other 
hand, roentgenograms are indicated on the fi rst visit if the patient 
is older (>50 years of age) or there is additional medical informa-
tion that requires investigation.

X-Ray of the Lumbar Spine

When interpreting roentgenograms, an organized and orderly pro-
cess should be used by the physician to avoid missing subtle fi nd-
ings. It is generally recommended to look at the area of highest 
interest last. In general, three roentgenographic views are all that 
are required to assess the lumbosacral spine. An AP view, a lateral 
view, and spot lateral view to better visualize the lower two inter-
spaces. When a lumbar spine series is ordered, two oblique views 
are also taken in order to help identify spondylolysis.

AP View

When looking at an AP radiograph of the lumbar region, the trans-
verse processes will not be located directly lateral to the spinous 
process of their parent vertebra. The primary soft tissue structure 
seen in the AP projection is the psoas muscle. The psoas forms a 
triangular shape with the top at the transverse process of L1 and 
the base on the iliac crests. Asymmetrical visualization of the psoas 
muscle indicates clinical pathology in a minority of patients since 
positioning, muscle contraction, and rotation may affect the defi -
nition of the muscle border. The loss of a pedicle (“winking-owl” 
sign) is frequently seen in patients with metastatic disease to the 
spine. Scoliosis is commonly seen in this view and measurement of 
the degree of curvature using the Cobb method may be useful.

The lateral view is useful for evaluating for spondylolisthesis, 
an anterior slippage of one vertebra on the spinal segment below. 
When the vertebrae slips posterior, it is termed a retrolisthesis. 
Disc space narrowing, compression fractures, facet joints, vertebral 
endplate changes, and Schmorl nodes are evaluated in this view. 
It is also possible to measure the amount of lordosis of the lumbar 
spine using Cobb method as was done in the AP view. Normal 
lumbar lordosis ranges from 35 to 50 degrees.

The close-up view (spot view) of the L5-S1 area provides 
information about the status and alignment of the L5-S1 interver-
tebral disc space, and the upper portion of the sacrum. The L5-S1 
disc space and intervertebral foramina are narrower than the spaces 
between the other lumbar vertebrae. The lumbar intervertebral 
foramina are best visualized in the lateral projection. Another 
radiographic interpretation is the determination of Ferguson lum-
bosacral angle. It is a measurement of the degree of lordosis or 
anterior tilt of the sacral base in relation to the horizontal. It is 
usually 35 to 45 degrees. An increased Ferguson lumbosacral angle 
relates to lumbosacral instability (5).

The oblique projection is obtained to demonstrate the facet 
joints and pars interarticularis. In this view, the posterior elements 
outline a shape that is reminiscent of a “Scotty dog.” A collar on the 
“dog” suggests the presence of spondylolysis, or a stress fracture of 
the pars interarticularis, an area between the superior and inferior 
articular facets. The Scotty dog eye is the pedicle, its nose is the 
transverse process, its fore leg is the inferior articular facet, and its 
hind leg is the spinous process.

MRI (MR) of the Lumbar Spine

MR has been clinically available since the middle 1980s. Since 
then, MR has been used increasingly for evaluation of the muscu-
loskeletal system, including low back and neck pain (14). MR is an 
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may be more important than the absolute value when a patient is 
evaluated by a clinician.

Markedly elevated ESR (≥100 mm/hr) is most commonly 
associated with malignancies, particularly those that are meta-
static (15). Other diseases associated with markedly increased ESR 
include connective tissue disease (polymyalgia rheumatica-temporal 
arteritis), acute bacterial infection (meningitis), and vertebral 
osteomyelitis with epidural abscess. The ESR also has utility as a 
means of following the progression or resolution of an infl amma-
tory disorder. The ESR may be normal in patients with systemic 
diseases, including cancer. The ESR may remain elevated for up to 
3 to 5 weeks after spinal surgery, in the absence of infection.

C-reactive protein (CRP) is an acute-phase protein synthe-
sized by hepatocytes. CRP increases within hours of an infl amma-
tory stimulus. CRP usually reaches a peak in 2 to 3 days and then 
recedes in 3 to 4 days. CRP is more accurate than ESR in detection 
of infections after spinal surgery because it returns to baseline more 
quickly than ESR (15). Serial determinations of CRP may also be 
helpful in following the course of acute and chronic infl ammatory 
illnesses (15). Elevated CRP after disc surgery has been associated 
with retrodiscal infection that has been detected with magnetic 
resonance evaluation (15).

The Complete Blood Count

The hematocrit (Hct) level is normal in mechanical spinal pain, 
including herniated nucleus pulposus, spinal stenosis, and muscle 
strain. A decrease in Hct is a common fi nding associated with dis-
orders mediated through chronic infl ammation. A decreased Hct 
level should be evaluated with RBC indices, reticulocyte count, 
serum iron level, total iron-binding capacity, haptoglobin level, and 
examination of the stool for occult blood.

The white blood cell (WBC) count is normal in mechanical 
spinal pain. The WBC count is also normal in many forms of med-
ical spinal pain. An elevated WBC (leukocytosis) count suggests 
the presence of an infection, particularly if early forms of poly-
morphonuclear leukocytes (band) are present. Increased numbers 
of WBCs are also seen in malignancies, particularly those of bone 
marrow or lymphatic origin. Patients on corticosteroids for their 
lower back pain have an increased WBC count in the 12,000 to 
20,000 cells/mm3 range.

Platelets are normal in mechanical spinal pain and most medical 
causes as well. In malignancies, platelets are commonly abnormal 
and may be elevated (thrombocytosis). Platelet levels are frequently 
decreased in bone marrow and lymphatic tumors (15).

The Chemistry Panel

Calcium and phosphorus levels are also unaltered in osteoarthritis 
and mechanical causes of spinal pain. However, malignancies are 
associated with hypercalcemia. Malignancies with elevated serum 
calcium levels include those with parathormone activity (parathyroid 
adenoma and oat cell carcinoma of the lung), bone metastases, 
and multiple myeloma. In patients with lower back pain poten-
tially related to infl ammation, infection, or malignancy, (i.e., posi-
tive bone scan) indicating osteoblastic activity, one must consider 
evaluation of alkaline phosphatase (ALP). ALP is produced to the 
greatest extent by osteoblasts. Any condition that increases osteo-
blastic activity increases ALP (15). Disorders associated with ALP 
elevations include Paget disease, metastatic carcinoma, hyperpara-
thyroidism, osteomalacia, fractures (during healing phase), and 
hypophosphatemia. Of the illnesses that cause spinal pain, meta-
static tumors and Paget disease cause the greatest increases (2 to 
30 times normal). Up to 86% of patients with metastatic prostate 

for bone scanning is technetium 99m. A bone scan is particularly 
useful in circumstances of radiographic changes lagging behind 
increased bone activity. A bone scan will be positive in infection, 
infl ammation, acute fracture, or malignancy. Because of this, the 
bone scan has been used most commonly for detecting metastatic 
disease. Approximately 80% of metastatic lesions are found in the 
axial skeleton (14). One notable exception to early detection of 
metastatic bone lesions by bone scan is multiple myeloma. There-
fore, the lytic lesions of myeloma do not cause increased activity on 
bone scan until a fracture occurs (14).

In regard to infections of the bone (osteomyelitis) or discs (dis-
citis), bone scans are useful because radiographs may not be posi-
tive for 10 to 14 days after the onset of the disease, whereas the 
bone scan may be abnormal within the fi rst day (14).

In regard to fractures, trauma to bone, particularly stress frac-
tures, may be diffi cult to detect by conventional radiography. Bone 
scintigraphy can detect lesions within 3 days of fracture. In children, 
the epiphyseal and metaphyseal growth plates are sites of active 
bone turnover in the areas of increased radionuclide concentration. 
Other diseases associated with abnormal bone scans include Paget 
disease, hemoglobinopathies, and aseptic necrosis of bone. Patients 
with sickle cell anemia have positive bone scans. In patients with 
acute infarcts of bone, the bone scan may demonstrate a cold spot.

LABORATORY TESTS

The vast majority of individuals with spinal pain do not require 
laboratory studies with their initial evaluation. Laboratory tests 
should be used in the situation in which a physician has developed 
a differential diagnosis by means of a history and physical exami-
nation for which laboratory data are needed to confi rm or reject 
specifi c diagnoses. Laboratory test results should never replace a 
careful history and physical examination in the evaluation of the 
patient with spinal pain.

Obtaining baseline lab tests does have a role in separating 
mechanical from systemic diseases. They are also useful in dis-
tinguishing metabolic-endocrinologic disorders from those with 
more infl ammatory characteristics. Patients who are candidates 
for laboratory evaluation include a patient who fails to respond to 
medical therapy; a patient who develops a signifi cant change in the 
character of his or her pain; a patient with a known or suspected 
history of infectious or rheumatic condition; or an elderly patient 
with new onset spinal pain. The laboratory tests that are impor-
tant in the study of disorders associated with spinal pain include 
acute-phase reactants, complete blood counts, blood chemistries, 
urinalysis, immunologic studies (cellular and humoral), body fl uid 
analysis, cultures, and tissue biopsy.

Acute-Phase Reactants

Acute-phase reactants are a group of plasma proteins that increase 
or decrease by at least 25% during an infl ammatory disorder (12). 
The degree of increase is greatest with cancer, severe infections, 
vasculitis, and burns. However, from a diagnostic or therapeutic 
orientation, the measurement of infl ammatory cytokines does not 
help identify specifi c disorders. The most useful test in helping to 
differentiate medical from mechanical spinal pain is the erythrocyte 
sedimentation rate (ESR) (15). In general, an elevated ESR sug-
gests the presence of infl ammation in the body. The ESR is elevated 
with tissue injury, whatever the source. The ESR is used to screen 
for infl ammatory disease and to follow the response to therapy. The 
ESR is normal in mechanical spinal pain. The ESR value must be 
interpreted according to the sex and age of the patient. The upper 
limit continues to rise as patients grow older. The change in ESR 
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examination done too quickly in the course of events misses the 
lesion. The test is painful but usually does not require sedation 
or analgesics. Conduction is measured in the fastest-conducting 
fi bers only. In addition, the extent of EMG abnormalities does 
not necessarily correlate with the extent of nerve damage. These 
studies may identify a specifi c nerve root lesion when clinical 
symptoms suggest abnormalities at two levels. Electrodiagnostic 
examination has a degree of accuracy in identifying patients with 
nerve root compression similar to that of myelography and clinical 
examination.

Osteopathic Manipulative Approach to 
Clinical Conditions

When a clinician treats a patient for acute or chronic lower back 
condition, the treatment approach chosen should follow the medi-
cal evidence supporting the most appropriate course of action. It 
should also take into consideration the clinician’s experience, skill, 
time available, cost, and safety. The effi cacy of spinal manipula-
tion has not been clearly demonstrated in either acute or chronic 
nonspecifi c low back pain. Tables 40.5 and 40.6 outline nonsurgical 
treatment guidelines based on clinical evidence.

Acute Lumbar HNP

In patients with acute lumbar herniated discs, OMT can still be 
used and is quite helpful. Using HVLA technique at the level of 
herniation is a relative contraindication, especially if neurologic 
signs are present. Lumbar spinal segments that have an acute disc 
herniation are considered to be unstable, so mobilization by applying 
an impulse is counterintuitive. A more appropriate approach is to 
work on areas of dysfunction above and below the symptomatic 
area, to off-load pressure across the disc space. Relieving iliopsoas 
tension will reduce compressive load across the disc spaces. Coun-
terstrain is a great way of reducing muscle irritability and decreas-
ing pain in an acute setting. Working on the patient in a supine 
“constant rest” position with his or her hips and knees fl exed can 
be benefi cial. Most patients with acute lumbar pain syndromes 
have somatic dysfunction in the mid-to-upper thoracic spine and 
ribs. Treating this area, as well as the cranial region, helps reduce 
overall facilitation and the sympathetic nervous systems response 
to pain.

Acute Low Back Pain Due to “Psoas Syndrome”

A patient with psoas syndrome will walk into the offi ce fl exed for-
ward and listing to one side. They will have signifi cant central lower 
back pain. They may or may not have sciatic type pain down the 
opposite leg. In patients with psoas syndrome, the psoas muscle has 
become signifi cantly tight as demonstrated by restricted hip exten-
sion. Acute, severe cases may have a hip fl exion contracture and an 
inability of the patient to lie prone. The causes of an acute psoas 
spasm are varied; some considerations include prolonged sitting 
(long car ride), refl ex mechanisms from nocioceptors (disc protru-
sion), or a visceral etiology (endometriosis, ureteral stone). The key 
in this situation is to treat the fl exed upper lumbar component of 
the problem (8). This can be done by direct or indirect methods. 
After treating the fl exed lumbar component, the psoas muscle itself 
may be treated with any number of techniques, including muscle 
energy, Still technique, counterstrain, direct stretching, etc. Giving 
the patient home exercises to stretch the psoas may be helpful. If an 
underlying disc protrusion is causing the spasm, the constant rest 
position, ice, and medications are usually required as well to control 

carcinoma and 77% with metastatic breast cancer to bone have 
ALP elevations (15). Not all elevations of ALP are associated with 
bone disease. Disease of the hepatobiliary system may be associated 
with marked increases of ALP activity.

In patients with lower back pain potentially related to chronic 
infl ammation, infection or malignancy, the total protein may be 
increased. Patients with increased total protein should be evaluated 
with a serum protein electrophoresis. Marked increase in total pro-
tein associated with elevated globulin levels should raise the pos-
sibility of multiple myeloma.

The Urinalysis and Renal Function Tests

Abnormalities detected during a routine urinalysis are most helpful 
in identifying those individuals with viscerogenic-referred lumbar 
spine pain of genitourinary origin. The presence of proteinuria on 
a dipstick determination requires further evaluation. Twenty-four-
hour urine collections may be helpful in patients with proteinuria 
to see if they have nephrotic syndrome. If multiple myeloma is sus-
pected, a negative dipstick protein does not rule out the diagnosis 
because myeloma proteins are not detected by dipstick methods. 
Elevations in blood urea nitrogen (BUN) and serum creatinine are 
associated with decreased renal function. Patients with visceral back 
pain of genitourinary origin may have elevations of these param-
eters. The drug history is important in a patient with abnormalities 
of BUN and creatinine.

Rheumatologic Studies

The three tests most commonly ordered are the rheumatoid factor 
(RF), antinuclear antibody, and uric acid level. The predictive value 
of these tests is only 35% in a population of individuals with joint 
disease and an estimated combined prevalence of the three result-
ing illnesses of l0% (15).

RFs are a group of autoantibodies to human immunoglobulin 
G. The classic rheumatoid factor is an IgM antibody. Rheumatoid 
factors occur in a wide range of autoimmune and chronic infectious 
diseases. Approximately 80% of patients with rheumatoid arthritis 
are seropositive for RF. RF in low titer may also be identifi ed in 
and increasing proportion of normal individuals as they grow older. 
More than 40% of healthy individuals who are 75 years of age have 
detectable RF (15).

ELECTRODIAGNOSTIC STUDIES

Electromyography with Nerve Conduction Velocity

Electromyography (EMG) with nerve conduction velocity is the 
study of how action potentials propagate to their corresponding 
muscle fi bers. Electrodiagnostic studies are commonly used in 
the evaluation of diseases affecting the peripheral nervous sys-
tem. These studies are extensions of the neurologic examination 
and provide an objective measure of nerve damage. They can 
confi rm the clinical impression of nerve root compression, defi ne 
the severity and distribution of involvement, and document or 
exclude other illnesses of nerves or muscles that could contribute 
to the patient’s symptoms and signs. These studies are also use-
ful in differentiating abnormalities associated with entrapment 
neuropathies, distal peripheral neuropathies, myopathies, and 
myelopathies (16). An abnormal EMG is corroborative evidence 
of organic disease and helps the surgeon select patients who are 
candidates for surgery. In many patients, electrical signs of nerve 
damage do not appear until 21 days after the initial insult. EMG 
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T A B L E  4 0 . 5

Nonsurgical Treatment for Acute, Nonspecific Low Back Pain

Recommended Efficacy Unclear Not Recommended

Patient education Back school Bed rest
Continue usual activity Narcotic analgesics Trunk strengthening exercises
Moderate aerobic activity Lumbar corsets/belts Systemic steroids
Acetaminophen Spinal manipulation Antidepressants
NSAID or COX-2 Massage TENS
Muscle relaxants Multidisciplinary biopsychosocial rehabilitation Traction
Local ice or heat
Cognitive-behavioral

Trigger point injections

Epidural steroids

Facet joint injections

Acupuncture

T A B L E  4 0 . 6

Nonsurgical Treatment for Chronic, Nonspecific Low Back Pain

Recommended Efficacy Unclear Not Recommended

Patient education Trigger point injections Bed rest
Continue usual activity Epidural steroids Systemic steroids
Moderate aerobic activity Facet joint injections TENS
Acetaminophen Narcotic analgesics Traction
NSAID or COX-2 Lumbar corsets/Belts Acupuncture
Trunk strengthening exercises Spinal manipulation
Local ice or heat Massage
Cognitive-behavioral Antidepressants
Multidisciplinary biopsychosocial rehabilitation Muscle relaxants
Back school

counterstrain approach. Treating this ligament and its surrounding 
tissues with counterstrain has signifi cant clinical value.

Lumbar Compression Fractures

Despite their apparent strength, the lumbar spine is the most com-
mon site for compression fracture. This is because there is a weak 
spot located in the anterior portion, where the trabecular arrange-
ment and density is reduced. Suffi cient fl exion with anterior stress 
can result in a compression fracture of the vertebral body. This 
anterior area fractures at 75% of the force needed to fracture the 
posterior portion of the vertebral body. With or without lifting, 
compression fractures occur most frequently in persons who have 
reduced calcium and/or frank osteoporosis. Risk factors include 
Caucasian race, osteoporosis, cigarette smoking, poor diet, pro-
longed steroid use, prolonged inactivity, or hypoparathyroid disease. 
Compression fractures may also be a consequence of a malignancy. 
Even in the absence of risk factors, a compression fracture may be 

the symptoms and provided some relief to the patient. In cases where 
an underlying visceral issue is causing the psoas hypertonicity, then 
treatment of the visceral condition must be undertaken as well.

Iliolumbar Ligament “Syndrome”

The iliolumbar ligament is a small, yet clinically important, liga-
ment that originates from the iliac crest and inserts on the transverse 
process of L4 and L5. The iliolumbar ligament is pain sensitive and 
refers pain to the groin, SI region, and lateral thigh. The ligament 
located on both sides of the lower lumbar spine acts as guide wires 
to stabilize the lower segments. In patients with L5 disc protru-
sions, instability, or spondylolisthesis, the iliolumbar ligament may 
become irritated and painful. There is tissue texture change at the 
ilial insertion of the ligament. Pelvic sideshift toward the iliolum-
bar ligament is common. The adductor muscle on the side of the 
tender ligament is commonly tight. Manipulative techniques for 
tenderness on or near this ligament primarily include an indirect/
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produced in anyone by forceful fl exion, for example, in automobile 
accidents, and jumping off or falling from a considerable height. 
Early clues to a vertebral compression fracture are provided by 
the history and physical examination—not radiographs. The his-
tory will most likely reveal activities or risk factors like the ones 
described. If a compression fracture is suspected, do not ask the 
patient to perform fl exion or side-bending. Instead, place the per-
son in a lateral recumbent position for an examination. The physi-
cal examination will reveal discomfort, even with light palpation, 
percussion, or vibration over the spinous process of the involved 
vertebra. Palpatory discomfort and a history of discomfort with 
certain spinal motions will be out of proportion to the physical 
signs of injury. Pain is usually increased by leaning on the patient’s 
shoulders, causing compression of the spinal column, and is eased 
by pulling cephalad from under the patient’s arms, or by holding 
a gentle extension to the patient’s spine. Although pain in the low 
back is usually immediate, it will be several days after the accident 
before a routine lateral lumbar radiograph will show a compression 
deformity of the vertebral body. The spine then angulates at the 
site of the compression fracture, and the spinous process at that 
vertebral unit becomes more prominent than normal. For treat-
ment, the patient is given instructions and exercises that encourage 
gradual extension of the lumbar region, and/or a brace that is spe-
cifi cally ordered for the patient and is applied to prevent active fl ex-
ion and maintain slight extension. Adequate pain relief medication 
is provided, taking care not to induce dependency or habituation. 
The use of codeine in lumbar fractures may be counterproductive, 
as both the pharmacologic properties of the medication and the 
nociceptive thoracolumbar refl ex facilitation from the injury tend 
to constipate the patient. Most types of direct osteopathic manipu-
lative treatment over the site of a compression are contraindicated, 
although classic direct and indirect myofascial treatment may be 
used to improve lymphatic fl ow, to reduce segmental facilitation, 
and to comfort the patient. Pain and Nocioception are also reduced 
by myofascial treatment directed toward relief of sympathicotonia 
and general improvement of lymphatic drainage. Secondary sites 
of somatic dysfunction that develop as a result of the injury are 
treated to reduce their secondary facilitation of related cord seg-
ments. Only methods and activations that are comfortable for 
the patient and that do not stimulate the site of injury are used to 
reduce discomfort and promote normal healing (5).
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Pelvis and Sacrum
KURT P. HEINKING AND ROBERT E. KAPPLER

INTRODUCTION

Accurate and effi cient diagnosis of the pelvic girdle is of great 
importance to practitioners of manual medicine. The pelvis holds a 
central role in coupling the mechanical forces of the lower extremities 
with the axial skeleton above, as it is the foundation for body support 
and locomotion. Alterations and restrictions of motions in the pelvic 
girdle may have a profound effect on vertebral function, the thora-
coabdominal diaphragm, the urogenital diaphragm, the craniosacral 
mechanism, and the lower extremities. Somatic dysfunction of the 
pelvic girdle may be causative, contributory, or diagnostic for a wide 
range of patient complaints. Such complaints may be somatic, visceral, 
or emotional in nature. Common patient complaints that require eval-
uation of the sacrum and pelvis include, but are not limited to abdom-
inal pain, pelvic pain, dysmenorhhea, lower back pain, urinary tract 
complaints, lower gastrointestinal issues and neuralgia of the lower 
extremities. In each of these situations, the sacrum and pelvis needs to 
be examined and possibly treated with osteopathic manipulation. An 
evaluation for somatic dysfunction of the lumbar spine is integrated 
with sacral-pelvic diagnosis and the other physical exam procedures. If 
signifi cant somatic dysfunction is found, and potentially related to the 
patient’s condition, osteopathic manipulative treatment (OMT) may 
be utilized in the treatment plan along with other appropriate thera-
pies. The role of manual medicine in the management of the pelvic 
girdle is the restoration of functional symmetry between the arthro-
dial, neural, vascular, lymphatic, and connective tissue elements.

EPIDEMIOLOGY OF LOW BACK PAIN RELATED 
TO THE SACROILIAC JOINT

Although lower back pain is only one clinical condition related 
to dysfunction of the sacroiliac joint (SIJ), it is important to 

41
K E Y  C O N C E P T S

■ Consider serious and life-threatening conditions that require urgent evaluation and/or treatment in the pelvic 
region.

■ Manipulative treatment of the pelvic girdle is dependent on applying knowledge of the functional anatomy 
of the region.

■ Understanding the biomechanics and physiologic motion of the innominates, pubes, and sacroiliac joints is 
needed to understand somatic dysfunction of their anatomic elements.

■ Delineate a thorough and accurate history; this allows the development of a differential diagnosis.
■ Effective historical questioning can help pinpoint the diagnosis, as well as the presence of somatic dysfunction.
■ Physical examination procedures are integrated with palpatory diagnosis and motion testing of the pelvic region.
■ Pelvic diagnoses can be suspected or confirmed with appropriate special tests.
■ Treatment of sacroiliac dysfunction needs to take into account stability deficits, abnormal neuromuscular firing 

patterns, manipulation, as well as other treatments available.
■ Diagnose and evaluate viscerosomatic and somatovisceral reflexes, Chapman points, Jones tenderpoints, and 

myofascial trigger points.
■ Review the imaging studies of the pelvic region and relate them to the known palpatory findings.
■ Know when and how to utilize osteopathic manipulative treatment (OMT) in the treatment of somatic dysfunction 

of the lumbar spine.

understand the correlation from an epidemiological standpoint. 
The lifetime prevalence of a patient having lower back pain 
approaches 70%, so it is important for osteopathic physicians to be 
able to evaluate the lumbar spine. Each year there are 13 million 
physician visits for lower back pain, with the highest prevalence in 
the 45- to 60-year-old Caucasian population (1). Back pain is the 
most frequent cause of activity limitation in people 45 years of age, 
the second most frequent reason for physician visits, the fi fth most 
frequent for hospitalization, and the third ranking reason for surgi-
cal procedures (1). The incidence of sacroiliac (SI) dysfunction in 
persons with low back pain is highly variable depending upon the 
population being studied (2).

HISTORY

A history is not just the complaint, the symptoms, and the history 
of the disease, but it is the history of the patient who has the dis-
ease. In the diagnosis of pelvic girdle dysfunction, the importance 
of taking a complete history and performing an in-depth physical 
examination cannot be overemphasized. An appropriate and thor-
ough history of the patient’s chief complaint is critical. It is always 
important to consider urgent, emergent, or other potentially serious 
conditions. From the patient’s history alone, the clinician should 
have a pretty good idea of what is going on, and then develop a 
differential diagnosis. If the physician listens carefully, the patient’s 
history usually reveals the diagnosis (3).

Allow patients to tell their story in their own words and steer 
them in directions that elicits the essential information. The clini-
cian knows when the history must be abbreviated or prolonged, 
based on the patient’s presentation. Although the history is usu-
ally discussed as an entity that precedes the physical examina-
tion, further questioning (history) may take place as positive clues 
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■ Have there been any changes in bowel or bladder habits?
■ Have you had any diagnostics or received any medical care for 

this condition?
■ What was the diagnosis and treatment outcome?
■ Are you taking any medications, for the condition?
■ Are your symptoms improving, staying the same or worsening?

Even when pain is the primary complaint and clinical suspicion 
centers on musculoskeletal causes, the physician remembers that 
pain is a “liar” and they should address the contributory topics 
listed in Table 41.1. Following obtaining the medical history, an 
inventory by systems is taken, especially those systems that could 
be related to the sacral and pelvic region.

HISTORY OF SACROILIAC DYSFUNCTION

There is no pathognomonic clinical picture, of SIJ dysfunction; 
however, pain referred to the groin is suggestive. Pain referred to 
the medial buttock, laterally to the sacrum, and below the iliac crest 
is a reasonable indication of SIJ dysfunction (26). The quality of 
pain that patients have with SIJ dysfunction is usually described 
as sharp, dull, or aching. The pain can refer to the groin, buttocks, 
posterior thigh, and occasionally below the knee. Symptoms are 
usually unilateral, are aggravated by sitting and are relieved by 
standing or walking (26). It is rare to have associated neurologic 
symptoms. Hamstring tightness is frequently present in SIJ dys-
function. Patients with short leg syndrome and sacral base unlevel-
ing complain of lower back or SIJ pain that is worse as the day goes 
on. Patients with a backward sacral torsion have signifi cantly more 
pain than other sacral dysfunctions. Because of the location of the 
pain, patients will describe SI pain to the physician as “hip” pain. 
Since the hip joint affects position and motion of the ilium, it also 

are obtained during the physical exam. This approach to history 
taking will prompt the physician to ask questions about areas that 
the patient does not consider important. If not all the information 
is obtained during the initial evaluation it is worthwhile to review 
and document the history on subsequent visits. In patients with 
pelvic girdle complaints, physicians should always be aware of their 
expressions, remarks, and gestures. A diseased organ does not walk 
into the physician’s offi ce, but an anxious and fearful patient does, 
who may misinterpret or be sensitive to the issues at hand.

THE CHIEF COMPLAINT

A physician should never assume that a patient’s low back or pelvic 
pain has a solely muscular cause. The history should always clarify 
if a visceral or an emotional cause exists. Because the pelvic region 
includes the sexual organs, the patient’s sexual history needs to be 
obtained when the patient presents with a complaint in the pel-
vic region. Considerations of the chief complaint should include 
several questions (4). Initially, patients should describe the quality 
of pain themselves without suggestions from the examining phy-
sician. Pain needs to be evaluated by documenting a description 
of the pain, including its intensity, duration, location, radiation, 
alleviating or aggravating factors, and response to treatment. Not 
every chief complaint is pain. The chief complaint can be stiff-
ness, a decrease in athletic performance, a missed menstrual period, 
postural or muscular asymmetry, a localized mass, a skin lesion, etc. 
The important aspect to consider is how does the chief complaint 
disturb the patient’s day-to-day functioning?

In addition, ask the following questions:

■ Are there any associated symptoms?
■ Have the symptoms stopped you from performing any activities?

T A B L E  4 1 . 1

Considerations for Complaints of Pelvic Pain

In Male and Female Patients In the Female Patient In the Male Patient

Employment risks Menstrual history Difficulty maintaining or 
achieving erection

Exercise risks/contact sports Obstetric history Difficulty with ejaculation
Hernia Cleansing routines Discharge or penile lesion
Past genitourinary surgeries Douching history Infertility
Cancer of the genitourinary tract Abnormal vaginal bleeding Urinary symptomatology
Chronic illness Vaginal discharge Urinary stream, good or poor
Family history Date of last pelvic examination Enlargement of the inguinal area
Psychiatric history Date of last Pap smear and results Testicular pain or mass
Medications, including contraceptive 
use

Past gynecologic procedures or surgery Testicular self-examination practices

Sexual activity history
Sexual orientation
Sexually transmitted diseases
Cancer of the reproductive organs
Infertility
Significant and related medical 
history (e.g., diabetes)
Urinary tract symptoms

Source: Seidel HM, Ball JW, Dains JE, et al. Mosby’s Guide to Physical Examination. St. Louis, MO: CV Mosby Co., 1987.
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affects the sacrum. When obtaining historical information for “hip 
pain,” the clinician needs to include in the questioning any medical 
issues of the hip joint, the SIJ and the lower back. SIJ dysfunction 
has a relatively unknown incidence and variable clinical fi ndings 
and takes skill and time to develop a consistent clinical diagnosis.

FUNCTIONAL ANATOMY

Skeletal/Ligamentous Anatomy

The pelvis consists of three bones and three joints forming an open 
ring shape. The false pelvis is a part of the lower abdomen and is 
walled laterally by ilia. The true pelvis is located inferior and pos-
terior to the abdomen. It begins at the level of the sacral promon-
tory, arcuate line, pectinate line, and pubic bones, ending with the 
inferior fascia of the pelvic diaphragm.

Growth and Development

In Vleeming’s book, Movement Stability and Low Back Pain, the 
growth and development of the SIJs is described in detail (26). 
The following paragraphs based on this reference summarize this 
topic (26). The SIJ develops slowly; as cavitation is delayed until 
the 8th to 10th week of intrauterine life and is not well estab-
lished until the second trimester. Since the ilium is the fi rst bone 
to ossify in the pelvis, and the SIJ is late in developing. There are 
also very distinct microscopic differences between the sacral and 
iliac sides of the joint. On the iliac side of the joint, the cartilage 
is thinner. As a child grows, the SIJ undergoes unique age-related 
changes. Before puberty, the iliac side is rough in texture and looks 
bluish in color. The sacral surface appears smooth, glistening and 
creamy-white in color. The sacral surface has characteristics of 
hyaline cartilage, the iliac side, that of fi brocartilage. These dif-
ferences in gross appearance are maintained throughout life. After 
puberty, there is considerable difference between the SIJ of men 
and women. In men, these ligaments remain well developed and 
strong. In women, the SIJ ligaments are not as well developed, 
thereby allowing the mobility required during childbirth. By the 
second decade of life, a crescent-shaped ridge develops along the 
iliac surface that interdigitates with a corresponding depression on 
the sacral side of the joint. By the third decade, this interdigitation 
is more pronounced, which further limits SIJ motion, In males, 
degenerative changes can occur on the iliac side of the SIJ as early 
as the third decade of life. However, similar changes do not affect 
the sacral side until the fourth or fi fth decade of life. By the fourth 
and fi fth decades, fi brous ankylosis can further limit joint motion. 
The SIJs can develop “accessory articulations” that may be acquired 
due to repetitive stress. These partial parallel accessory joints are 
estimated to be present in approximately 8% to 35% of the popula-
tion. It is not known whether the presence of these joints changes 
palpable sacral motion.

The Ilia

Functionally, each innominate can be viewed as a lower extremity 
bone; and the sacrum, as a component part of the vertebral axis. In 
the past, the hip bones were referred to as the innominate bones 
because each was composed of three bones joined together at the 
acetabular notch. Initially there is a single cartilaginous model for 
the entire element, and the ischium, ilium, and pubis are the pri-
mary ossifi cation centers before birth. Epiphyseal centers form in 
the cartilaginous iliac crest, anterior superior iliac spine (ASIS), 
and ischial tuberosities (at puberty) and eventually fuse in the late 

teens or early 20s. The only remnants of the original cartilaginous 
model are the bilateral SIJs (26).

The acetabulum occupies the lateral aspect of the ilium and 
articulates with the head of the femur to create the hip joint. The 
two innominates are joined anteriorly by the symphysis pubis and 
cephalically with the sacrum via the bilateral SIJs. The female pel-
vis is less robust than the male pelvis, with smaller weight-bearing 
areas and less height.

Spinal Articulations

The three joints of the pelvis include the symphysis pubis and the 
two SIJs. The sacrum is attached to the lumbar vertebra by a lum-
bosacral disc, two lumbosacral synovial joints, and ligaments. The 
superior articular processes of the sacrum are concave and face pos-
teromedially. They articulate with the inferior articular processes 
of the fi fth lumbar vertebrae. Anomalous development commonly 
results in asymmetric lumbosacral facets (facet tropism) and, less 
commonly, incomplete separation and differentiation of the fi fth 
lumbar vertebrae (sacralization). When the transverse processes of 
the fi fth lumbar vertebra are atypically large, a pseudoarthrosis may 
occur with the sacrum or ilia (um). When this occurs bilaterally, it 
is termed a bat-wing deformity.

The Pubic Bones and Pubic Symphysis

The pubic symphysis is a fi brocartilagenous joint that has motion 
determined by its anatomic shape, ligaments, and muscular attach-
ments. Muscular forces acting on each pubic ramus can cause rota-
tion upon each other at the symphysis, about a transverse axis.

The Sacrum and Coccyx

The sacrum is shaped like an inverted triangle with the superior 
aspect being the base and the inferior aspect being the apex. The 
most anterior and superior portion of the fi rst sacral vertebral body 
is called the sacral promontory. The anterior surface is concave, and 
the posterior surface is convex with palpable spinous tubercles. The 
medial row of tubercles is formed by fusion of the sacral articular 
processes. The lateral row is formed by the fusion of sacral trans-
verse processes and inferiorly ends in a curve of the bone called 
the inferolateral angle. The sacrum contains the sacral canal and 
four bilateral sacral foramina for the passage of the ventral and dor-
sal rami of the fi rst four sacral spinal nerves. The sacral hiatus is a 
defect near the apex, formed by a failure of laminal closure of the 
fi fth sacral vertebra. It is at this location that sacral epidural nerve 
blocks are performed. The coccyx attaches to the sacral apex via the 
sacrococcygeal joint. The ganglion impar (where the right and left 
sympathetic chains join) rests on the anterior surface of the coccyx.

The Pelvic Articulations

The SIJs have been described as L- or C-shaped and are contoured 
with a shorter upper arm and longer lower arm, with the junction 
occurring approximately at S2. The articular surfaces are subject to 
a great deal of variation even in opposite sides of the same bone (5). 
The apex, or junction of the two arms of the SIJ, points anteriorly. 
The SI articulation is typically convex at the upper arm and con-
cave at the lower arm. The longer arm of the joint surface is directed 
posteriorly and caudally, and the shorter arm faces posteriorly and 
cranially, therefore the SIJs converge inferiorly and posteriorly. It 
is a diarthrodial joint because it contains synovial fl uid and match-
ing articular surfaces. The articular surfaces, however, are different 
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Figure 41-1 Cross-section of pelvis. Differential static landmarks 
for determining sacral sulcus depth (A and B) versus sacral base 
anterior or posterior (a and b). (Illustration by W.A. Kuchera.)

from those in any other joint in the body. It is in this joint alone 
that hyaline articular cartilage faces and moves against fi brocarti-
lage. On the sacral side, this hyaline cartilage is usually 1 to 3 mm 
in depth. On the ilial side, there is fi brocartilage (26). The sacrum 
decreases in width from above downward; it is wedged between the 
two ilia. The predominant direction of fi bers of the SI ligaments is 
such that they prevent excessive separation of the innominates and 
downward gliding of the sacrum (5).

The lumbosacral facets are predominantly coronal with the 
surface of the inferior lumbar facet slanting posteriorly. The sacral 
sulcus is a palpable groove just medial to the PSIS (Fig. 41.1). 
Much variation exists between anatomic description and an indi-
vidual patient’s anatomy. Weisl’s work (6) demonstrates the varying 
contours of the articular surfaces of the sacrum and the ilia at their 
articulation with each other.

Frazier Strachan, D.O. (5), studied the anatomy of the sacrum 
extensively. He found that there was signifi cant anatomic variation 
of the sacrum. Some sacrums are signifi cantly curved, while others 
are relatively fl at. After studying the anatomy of numerous sacrums, 
he came to the conclusion that there were three basic types, which 
he labeled type A, type B, and type C. The type A sacrum was wide 
dorsally and more narrow on the ventral surface. Type B was more 
wide ventrally than dorsally, and type C was a combination of both. 
The anatomic asymmetry will effect how the sacrum seats against 
the ilia and its stability (see concept of form closure). This will also 
affect the type of dysfunction and treatment required (5).

Ligaments

The sacrum is suspended between the innominate bones by three 
true and three accessory ligaments. The true pelvic ligaments 
include the anterior SI ligaments, interosseous SI ligaments, and 
posterior SI ligaments. The accessory pelvic ligaments include 
the sacrotuberous, sacrospinous, and iliolumbar ligaments. The 
iliolumbar ligaments attach from the anterior surface of the iliac 
crest and the anterior surface of the sacral base to the transverse 
processes of L4 and L5 (Fig. 41.2). The lower fi bers blend in with 
the anterior SI ligament, thus integrating SI mechanics with the 
lumbar spine. There are anterior and posterior portions to the SI 
ligaments. The anterior ligaments are fl at bands, while the poste-
rior ligaments are thicker with multiple layers. The long dorsal SI 
ligament, which connects the PSIS to the lateral aspect of the third 
and fourth sacral segments, has a close anatomic relationship with 
the erector spinae muscles, posterior layer of the thoracolumbar 

fascia, and a specifi c part of the sacrotuberous ligament (27). 
Another signifi cant relationship of the long dorsal SI ligament is 
that this ligament becomes stretched when the sacrum is rotated 
in a posterior manner relative to the ilium (27). Thus, in situations 
where there is a decrease in lumbar lordosis, such as in the early 
stages of pregnancy or in aging, backward torsions, or unilateral/
bilateral sacral extensions, this ligament may be stretched.

Accessory Ligaments

The bilateral sacrotuberous ligaments run from the inferior medial 
border of the sacrum and insert on the ischial tuberosities and the 
posterior margins of the sciatic notches. The bilateral sacrospinous 
ligaments lie anterior to the sacrotuberous ligaments and attach 
to the ischial spines, dividing this space into a greater and a lesser 
sciatic foramen. The sacrospinous and sacrotuberous ligaments 
restrain the anterior movement of the sacrum within the pelvic 
bones. The long head of the biceps femoris, piriformis, and gluteus 
maximus muscles often have direct attachments to the sacrotuber-
ous ligament. It has been hypothesized that these muscles, interact-
ing with the sacrotuberous ligament, have a role in SIJ mobility and 
stability. Detailed dissections of anatomic material by Vleeming 
et al. (1989) noted that, in all the sections, the gluteus maximus fascia 
was connected to the sacrotuberous ligament. In most dissections, a 
portion of the long head of the biceps femoris tendon is in continu-
ity with the sacrotuberous ligament, traversing the ischium (27).

In the weight-bearing position, without strong pelvic liga-
ments, the sacral base tends to rock anteriorly. The downward 
effects of gravity, combined with environmental and genetic fac-
tors, can stress the tensile strength of these ligaments. These liga-
mentous stresses can create lumbosacral imbalance, chronic back 
pain, and joint degeneration. The iliolumbar ligament is prone to 
irritation by lumbosacral instability. When an iliolumbar ligament 
becomes irritated, its attachments to the crest and transverse pro-
cesses of L4-5 become tender to palpation. Pain may be referred to 
the groin via the ilioinguinal nerve, mimicking the pain felt in an 
inguinal hernia. The iliolumbar ligament has also been implicated 
in a nerve entrapment syndrome under the iliolumbar ligament 
(Fig. 41.3). Palpatory diagnosis should therefore always include 
these ligamentous attachments.

Figure 41-2 Pelvic ligaments and foramen. (Modifi ed from 
Kuchera WA, Kuchera ML. Osteopathic Principles in Practice. 2nd 
Ed. Rev. Columbus, OH: Greyden Press, 1994.)
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Muscles and Connective Tissue

Muscles and connective tissue of the thoracoabdominal wall, aid in 
coordinating movements and pressures between the thoracic cage 
and the pelvic girdle. Muscles acting on or through the pelvis can 
be classifi ed as primary (intrinsic muscles of the pelvic diaphragm) 
and secondary (muscles considered to have partial attachment to 
the true pelvis).

Primary Intrinsic Pelvic Muscles

Primary muscles and connective tissue intrinsic to the pelvic gir-
dle include the pelvic and urogenital diaphragms. The pelvic dia-
phragm consists of the levator ani and coccygeus muscles, which 
form a basin, supporting the pelvic viscera and closing the pelvic 
outlet. The levator ani group includes the pubococcygeus, puborec-
talis, and iliococcygeus muscles. The urogenital diaphragm spans 
the area between the ischiopubic rami and is formed by the deep 
transverse perineal and sphincter urethrae muscles and their fas-
ciae. The pelvic diaphragm slants downward from the lateral wall 
to the midline perineal structures while the urogenital diaphragm 
is rather level. This creates a small potential fi ngerlike space (ischi-
orectal fossa) on either side superior to the urogenital diaphragm 
and inferior to the pelvic diaphragm, which may provide an ante-
rior avenue for the spread of perineal infections. The pelvic fl oor 
muscles work in a synergistic way with the abdominal diaphragm 
to increase intra-abdominal pressure. They also provide support 
during defecation, inhibit bladder activity, and assist in providing 
lumbosacral pelvic support (25).

SECONDARY MUSCLES (PARTIAL PELVIC 
ATTACHMENT)

Secondary muscles include:

■ Rectus abdominis
■ Transverse abdominis

■ Internal and external oblique
■ Quadratus lumborum

The external abdominal oblique muscle forms the inguinal liga-
ment as it courses between the ASIS and the pubic tubercle.

The lower extremity may infl uence the pelvic girdle through its 
musculature and connective tissue.

Each compartment of the lower extremity has unique actions 
on the sacrum and pelvis. The anterior and medial compartments 
of the thigh may affect iliac and pubic motion and contain the fol-
lowing muscles:

■ Quadriceps femoris
■ Sartorius
■ Gracilis
■ Adductor group
■ Iliopsoas (functionally)

The muscles of the “lateral compartment” of the leg include only 
the tensor fascia lata muscle and the iliotibial band. The deep fascia 
of the thigh (fascia lata) is continuous with the superfi cial thora-
columbar fascia of the thorax and splits to form the compartments 
of the lower extremity.

The muscles of the posterior compartment of the leg and glu-
teal region include:

■ Glutei maximus, medius, and minimus
■ Piriformis
■ Obturator externus
■ Superior and inferior gemelli
■ Biceps femoris
■ Semimembranosus
■ Semitendinosus

Dysfunction of muscles or fascia of the posterior compartment or 
gluteal region may affect function of the pelvic girdle. The fas-
cia covering the posterior aspect of the piriformis muscle and the 
biceps femoris have been found to be continuous with the poste-
rior SI ligament. The implication of these fi ndings is that physical 
activity and diagnostic tests, such as the straight leg raising tests, 
could stress the SIJ due to this arrangement. Infl ammation of the 
SIJ could affect the piriformis muscle and biceps femoris through 
resultant reactive muscle spasm.

Collectively, the muscles of the gluteal region, the quadratus fem-
oris, and the iliopsoas comprise the rotator cuff of the hip (Fig. 41.4).

According to anatomic dissections by Vleeming et al. (27), in 
all specimens, traction on the posterior layer of the thoracolumbar 
lumbar fascia transmitted force to the contralateral side, specifi -
cally into the fascia of the gluteus maximus. He related that the 
contralateral latisimus dorsi to the involved gluteus maximus could 
affect the stability of the SIJ owing to the connecting fascia. Stabil-
ity of the SI region is achieved by a combination of ligamentous 
and dynamic muscular function crossing the SIJs (27). Through 
anatomic study, the gluteus maximus tendon has fi bers that blend 
with the posterior iliosacral ligaments and it overlies the lower half 
of the SIJ. The tendons of the erector spinae run inferiorly from 
the paraspinal areas to attach to the posterior surface of the sacrum 
directly through the perimysial membranes of the multifi dus mus-
cles. The multifi dus muscle takes its origin from the median sacral 
crest and runs laterally to attach to the medial PSIS (7).

Integrated Function

There is an integrated function between the muscles of the gluteal 
region, the abdominal diaphragm, and the muscles of the pelvic 
and urogenital diaphragms. The pelvic diaphragm consists of the 

Figure 41-3 Pain referral pattern from iliolumbar ligament. (Modi-
fi ed from George S. Hackett, MD.)
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levator ani and coccygeus muscles, which form a basin, does not 
rhythmically contract, but when relaxed, it works synchronously 
with the abdominal diaphragm. This synchronous movement with 
the abdominal diaphragm preserves interstitial fl uid homeostasis 
in the true pelvic region. A relaxed pelvic diaphragm is absolutely 
necessary for the effi cient movement of lymphatic fl uids away from 
the pelvis and perineal tissues. Somatic dysfunction of the sym-
physis pubis or disturbed ilioilial mechanics (asymmetry of the 
relationship between the two innominates) can place asymmetric 
tensions on the pelvic and urogenital diaphragms. These tensions 
may result in tension myalgia or pain of the pelvic fl oor, low back 
pain, dyspareunia, and painful defecation with associated constipa-
tion (8). The muscles of the gluteal region become tense and ten-
der to the touch. Tension on the pubovesicular and puboprostatic 
fascia from innominate dysfunction (especially pubic shears and 
compressions) may produce urinary tract symptoms such as burn-
ing, frequency, fullness, and a weak stream. Such tensions on the 
inguinal ligament from disturbed ilioilial mechanics can affect the 
lateral femoral cutaneous nerve, resulting in anterior thigh pain.

Dysfunction of any of the abdominal muscles or their fasciae may 
disturb respiratory excursion, compromising the intra-abdominal 
pressure changes that promote lymphatic and venous return. The 
thoracolumbar and lumbosacral fasciae contribute to the origin 
of the internal abdominal oblique and the transverse abdominis 
muscles. Fascial restrictions in these areas can restrict both thora-
columbar and sacral motion. The inner-membranous layer of the 
superfi cial thoracolumbar fascia (Scarpa) attaches to the iliac crest 
and pubic symphysis. It is continuous with the fascia of the thigh 
inferior to the inguinal ligament (fascia lata), the posterior perineal 
membrane, and the tunica dartos scrota. Fascial restrictions along 
its course may affect the thigh, perineum, or abdomen, as fl uid col-
lections can traverse along these planes.

Dysfunction of the rectus femoris, the iliacus, or the ipsilat-
eral adductor group may cause an anterior rotation of the innomi-
nate and inferior shear at the pubes. Adductor dysfunction may be 
related to refl ex changes at the ipsilateral iliolumbar ligament, while 
a pubic shear may affect the pelvic and urogenital diaphragms. Gait 
may be affected by lumbosacral somatic dysfunction, affecting the 
superior gluteal nerve (L4-5, S1) and the gluteus medius and min-
imus. Piriformis hypertonicity related to sacral somatic dysfunc-
tion may produce benign sciatica. Hamstring tension may cause a 
posterior rotation of the innominate and affect pelvic mechanics. 

Figure 41-4 Rotator cuff muscles of right hip. (Modifi ed from Kuchera WA, Kuchera ML. Osteopathic Principles in 
Practice. 2nd Ed. Rev. Columbus, OH: Greyden Press, 1994.)

Female patients under the infl uence of hormonal and structural 
changes during pregnancy are prone to pelvic somatic dysfunction. 
There are many biomechanical causes such as changes in their cen-
ter of gravity, an increased lumbar lordosis, and anterior rotation 
of the pelvis.

Vascular/Lymphatic Anatomy

Following the bifurcation of the abdominal aorta at the approxi-
mate level of the umbilicus, the right and left common iliac arteries 
diverge and descend to the lumbosacral junction. Here they divide 
into the internal and external iliac arteries. The internal iliac arteries 
have two trunks that supply the pelvic viscera, perineum, and glu-
teal region. The proximal anterior trunk supplies the urinary blad-
der, uterus, vagina, and rectum. Distally, the artery branches into 
the internal pudendal artery, supplying the genitalia and perineum, 
and the inferior gluteal artery, supplying the gluteal region. The 
posterior trunk contains the iliolumbar, lateral sacral, and superior 
gluteal arteries collectively supplying the intrinsic muscles of the 
pelvis, the sacrum, and the superior gluteal region.

Veins of the pelvic girdle form venous plexi encircling the 
pelvic organs and the sacrum and generally following the arte-
rial distribution. The rectal venous plexus communicates with 
the portal system via the superior rectal vein, which is valveless 
(Fig. 41.5).

Lymphatic drainage from the pelvic girdle generally follows the 
corresponding arteries. Lymphatic fl ow from the lower extremities 
and pelvic viscera (apart from the gut) passes through the pelvic 
girdle, terminating ultimately in the lateral aortic groups. Organs 
and tissues drained by these groups include:

■ Testes
■ Ovaries
■ Fallopian tubes
■ Uterus
■ Kidneys
■ Ureters
■ Posterior abdominal, pelvic, and perineal walls

Lymph from the remaining viscera (bladder) and gluteal region 
passes initially to regional nodes along the internal iliac arteries. 
The external genitalia drain to the inguinal nodes and then deeper 
into the external iliac and the intermediary lumbar groups.
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Lymphatic drainage of the rectum and anal canal is unique in 
that, above the pectinate line, lymph follows a deep course to the 
internal iliac nodes and preaortic nodes. Below the pectinate line, 
the lymph drains superfi cially to the inguinal nodes. As lymph fl ows 
through a number of intermediary groups in the lumbar region, 
on up to the cisterna chyli and thoracic duct, the diameter of the 
thoracic duct and lymphatic channels is under sympathetic con-
trol similar to blood vessels. Hypersympathetic activity can reduce 
lymphatic fl ow capacity. Accumulation of pelvic lymph may occur 
in the preaortic, lateral aortic, or retroaortic lymph node groups. 
Peripherally compromised lymphatic drainage has been linked 
to the pathogenesis of atherosclerosis and to the development of 
hypertension (9). Correction of pelvic girdle dysfunction, as well as 
piriformis tension, may allow improved lymphatic venous return, 
blood fl ow, and gait for a patient whose activities of daily living are 
already compromised by a cardiovascular condition.

Nerves

The nervous system may infl uence the pelvic girdle through one of 
four areas. These are the:

■ Lumbar plexus
■ Sacral plexus

Figure 41-5 Valveless vertebral venous plexus. (Illustration by 
W.A. Kuchera; adapted from G. Zink.)

■ Coccygeal plexus
■ Autonomic nerves of the pelvis

The lumbar plexus lies between the anterior and posterior masses of 
the psoas major, anterior to the transverse processes of the lumbar 
vertebrae. The plexus is formed by the contributions of the ventral 
rami from T12 to L4 with only partial contributions from T12. The 
lumbar plexus gives motor supply to muscles in the abdomen and 
thigh, which act on the pelvic girdle. These muscles include the:

■ Psoas major and minor
■ Iliacus
■ Pectineus
■ Internal abdominal oblique
■ Transverse abdominis
■ Quadriceps group
■ Adductor group
■ Sartorius
■ Gracilis

The lumbar plexus also supplies sensation to the thigh, buttocks, 
lower abdomen, and pubic area. The sacrum contains sacral fora-
men for passage of the sacral nerve roots, which exit anteriorly 
and posteriorly. The innervation of the SIJ and its ligaments is 
derived exclusively from the dorsal branches of the sacral spinal 
nerves. The joint capsule contains complex encapsulated and unen-
capsulated nerve endings capable of providing position sense and 
pressure information. The numerous thick myelinated axons in the 
nerve branches to the SIJ ligaments indicate the presence of special 
encapsulated mechanoreceptors and nociceptors (26,27). The pos-
terior innervation to the SIJ is from the posterior primary rami of 
L4 through S3 (26). The anterior innervation arises from branches 
of the anterior primary rami from L2 to S2. The posterior and 
anterior rami are variable and this may account for the inconsis-
tent pain referral pattern seen with SIJ syndrome (2). Since the 
SIJs have a wide distribution of innervation, it is possible that pain 
referred from the SIJ will not be associated with any motor, refl ex, 
or sensory defi cit on physical examination.

The lumbosacral trunk (ventral rami of L4 and L5), the fi rst 
three sacral ventral rami, and a portion of the fourth form the 
sacral plexus. The ventral rami divide into anterior and posterior 
branches. The anterior branch forms anterior nerves that inner-
vate the fl exors and adductors; the posterior branch forms posterior 
nerves that innervate the extensors and abductors.

The sacral plexus has motor and sensory innervations in the 
pelvis and lower extremities and contains parasympathetic fi bers 
(S2, S3, and S4) for innervation of the left colon and pelvic organs. 
The sciatic nerve is a muscular branch of the lumbar and sacral 
plexi composed of fi bers from the ventral rami of L4-S3. Pathol-
ogy at the L4-5 or L5-S1 level is the usual cause of nerve root 
compression, as it is uncommon within the sacrum. The sciatic 
nerve is closely associated with the piriformis muscle. Eighty-fi ve 
percent of the time the sciatic nerve passes through the greater 
sciatic notch just inferior to the piriformis; it passes through the 
muscle in <1% of the population. Since injections are sometimes 
given in myofascial triggerpoints when the muscle is spastic, it is 
important to realize that more than 10% of the time the peroneal 
portion of the sciatic nerve passes through the muscle, and in 2% 
to 3% of instances it exits above the piriformis and passes posterior 
to the piriformis muscle (10) (Fig. 41.6). Piriformis hypertonicity 
can cause sciatica. Evidence indicates that this may not be due to 
pressure, but to a chemical reaction that irritates peroneal fi bers of 
the sciatic nerve. For this reason, there is referred pain down the 
posterior thigh.
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Somatic dysfunction of the lumbar spine may affect the lumbar 
plexus and produce symptoms in both the pelvis and lower extrem-
ity. Dysfunction of the Quadratus lumborum may produce symp-
toms similar to a groin pull or hernia, by irritating the ilioinguinal 
and iliohypogastric nerves (L1) as they pass just anterior to this 
muscle. Dysfunction of the piriformis, or sacrum, can affect the 
sciatic nerve and cause signs and symptoms of sciatica.

Many visceral complaints are related to an imbalance in the 
autonomic control of the pelvic viscera. When irritable bowel syn-
drome is dominated by parasympathetic hyperactivity (headache, 
nausea, diarrhea, and cramps), relaxation of the pelvic diaphragm 
through ischiorectal fossa techniques relieves the congestion and 
pain by infl uencing the pelvic parasympathetic (S2, S3, S4). Nor-
malizing parasympathetic tone and encouraging venous and lym-
phatic return with fi rm continuous pressure over the sacral base can 
help treat primary dysmenorhhea.

MOTION AND DYSFUNCTION

The pelvic girdle holds a central role in coupling the mechanical 
forces from the lower extremities to the axial skeleton. The two 
primary functions of the SIJ are to dissipate the load of the upper 
trunk to the lower extremities and to facilitate childbearing by 
ligamentous relaxation during pregnancy. Somatic dysfunction of 
the pelvis occurs when there are motion preferences during activity 
that become restricted when activity is completed and the joint has 
returned to an abnormal resting position. Consider a patient bend-
ing forward and to one side, to pick tomatoes. The sacrum fl exes 
initially, and then moves posteriorly into extension. With prolonged 
forward bending (at the hips and low back) the sacrum can become 
“stuck” in extension. When the patient stands up and walks they 
develop lumbosacral pain. Clinical examination will typically reveal 
a bilateral sacral extension or a backward torsion. During normal 
walking, physiologic motions of the sacrum and ilium occur around 
various theoretical axes of motion. Somatic dysfunction affecting 
any of these axes hinders gait, requires compensatory changes, and 
increases energy expenditure.

Individual axes of the pelvic bones are described in the follow-
ing paragraphs, as well as the motion about or around those axes. 
This is followed by a discussion of the biomechanical stability of 
the SIJs, and an integration of the coupled movements during the 
motion cycle of walking.

Innominates

The innominates can be functionally considered as part of the 
lower extremity. The innominates rotate anteriorly and posteriorly 
about the inferior transverse axis of the sacrum. The innominates 
may also be considered to rotate posturally around an axis passing 
through the greater trochanters of the femur. Reynolds (11) dem-
onstrated that there were multiple varying instantaneous axes of 
rotation of the ilium about the sacrum when the thigh was used to 
introduce motion at the SIJ.

If the clinician considers the ilium functionally, each lower 
extremity, including the attached innominate, is likely to shear 
superiorly or inferiorly as well as have rotation around a hori-
zontal/transverse axis. Innominate motion can be induced by hip 
motion as during gait, or by muscular forces from below or above. 
When the innominate rotates anteriorly, it glides in the direction 
of the short arm of the “L” and posteriorly along the longer length 
of the “L.” When the innominate rotates posteriorly, it glides in 
the direction of the longer length of the “L” and superiorly up the 
short length of the “L” (25). According to Fryette (12), it is thought 

The coccygeal plexus is located on the pelvic surface of the 
coccygeus muscle and formed by the coccygeal nerve with contri-
butions from S4 and S5. This plexus gives rise to the anococcygeal 
nerve that pierces the sacrotuberous ligament to supply the skin 
over the coccyx.

The autonomic nerves of the pelvis include the sacral sympa-
thetic trunks, the parasympathetic nerves of the pelvic splanch-
nics, and the inferior hypogastric plexus. The right and left sacral 
sympathetic trunks are extensions of the lumbar sympathetic chain 
ganglia and are located on the ventral surface of the sacrum medial 
to the sacral foramina. They contain four or fi ve ganglia and even-
tually fuse over the coccyx to form the single ganglion impar. The 
sacral sympathetic trunks have gray rami communicantes that fol-
low the sacral and coccygeal nerves for innervation of blood ves-
sels and sweat glands in the body wall and extremities. Because 
the sacral and coccygeal nerves do not have white rami, visceral 
afferent impulses returning from sites of sympathetic innerva-
tion by the sacrum and coccyx refer viscerosomatic symptoms to 
the thoracolumbar region of the body. Examples include anterior 
lower thoracic or sacral exostoses and anterior disc protrusions or 
ruptures. Contractions of the uterus refer pain to the thoracolum-
bar region, as the visceral afferent nerves travel to this level from 
the uterine body. The sacral splanchnics come off the chain and 
contribute to the formation of the inferior hypogastric plexus. The 
pelvic splanchnics arise directly off the ventral rami of S2-4 and 
supply parasympathetic innervation to the left colon and inferior 
hypogastric plexus for pelvic viscera. Visceral afferent nerves fol-
lowing parasympathetic nerve pathways produce viscerosomatic 
symptoms over the sacrum. An example is sacral pain and pressure 
from uterine contractions. The inferior hypogastric plexus contains 
both sympathetic and parasympathetic fi bers; it gives rise to smaller 
plexi to the rectum, bladder, prostate, uterus, and vagina.

Figure 41-6 Position of sciatic nerve in relationship to the piri-
formis muscle. (Adapted from Beaton LE, Anson BJ. The sciatic 
nerve and the piriformis muscles: their interrelation as a possible 
cause of coccygodynia. J Bone Joint Surg (Br). 1938;20:686–688.)
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that the sacrum follows the motion of the ilia, however to a lesser 
degree.

Pubes

Pubic bone motion is complex. The pubic bones are thought to cor-
respond to ilial motion by rotating anteriorly and posteriorly about 
a transverse axis. With anterior rotation of the ilium the ipsilateral 
pubic bone is commonly found to be inferior. With posterior rota-
tion of the ilium the ipsilateral pubic bone is commonly found to 
be superior. However, the pubic bones may also be sheared (sub-
luxed) superiorly or inferiorly along with the rest of the respective 
innominate. Pubic somatic dysfunctions usually occur when iliac 
movement is maximal. Strachan came to these conclusions in the 
SI research in the 1930s (5,14). Anterior and posterior pubic shears 
can also occur, as well as a “gapped” pubic symphysis. These are rare 
and usually result from a signifi cant traumatic event.

Sacrum

Ordinarily, SI motion is a result of mechanical forces acting on the 
sacrum. These forces can come from above, associated with changes 
of position or center of gravity within the torso, or from below, as in 
walking. While muscles are attached to the sacrum, sacral motion is 
not caused by sacral fl exors, extensors, lateral fl exors, or rotators (13). 
Describing motion of the sacrum about certain theoretical axes is a 
model by which the osteopathic physician explains how the sacrum 
seems to work as a result of the forces acting upon it. The osteo-
pathic physician is also able to gather palpatory information, use 
this model, and describe the motion present and motion restricted. 
The palpatory fi ndings become objective evidence of SI motion 
disturbances. It is then possible to design methods of manipula-
tive treatment to remove the dysfunctions. By palpating landmarks 
and passive motion testing after manipulation the effectiveness of 
treatment can be evaluated.

Theoretical Axes of Motion

Mitchell (13) describes three transverse axes. The superior trans-
verse axis is at the level of the second sacral segment, posterior to 
the SIJ, in the spinous process area. This is the respiratory axis 
where fl exion and extension associated with respiration occur, as 
well as nutation and counternutation when using this terminology. 
The middle transverse axis is located at the anterior convexity of the 
upper and lower limbs of the SIJ. Sacral postural fl exion and exten-
sion occur about this axis. The inferior transverse axis is located at 
the posterior-inferior part of the inferior limb of the SIJ and is the 
axis about which innominate (ilial) rotation occurs. Conceptually, 
one can consider each axis to roughly correspond to the anatomical 
remnants of the embryological transverse processes of the Sl, S2, 
and S3 vertebrae, found on the sacral side of the SIJ (7).

There are two oblique axes of the sacrum, named according to 
the side of the body toward which the superior end of the oblique 
axis is located. Motion about an oblique axis may actually result 
through motions occurring about a vertical, anterior-posterior 
(AP) and transverse sacral axis (combination of rotation and side 
bending). Sacral movement can occur around an individual axis or 
simultaneously around multiple axes. Sacral shears do not rotate 
around an axis. Many studies of sacral/pelvic motion document 
movement of the SIJ and movement of the ilia in relation to the 
sacrum (14). However, many of the studies do not assess SI motion 
that is evaluated passively during clinical motion testing, or other 
osteopathic diagnostic procedures.

Sacroiliac Motion Research

There has been considerable debate over the years as to the mobility 
of the SIJs. Both in vivo and in vitro kinematic studies have dem-
onstrated various types of motion in the SIJ, including rotation, 
gliding, tilting, nutation, and translation (27). In the late 1930s, 
Fraser Strachan, D.O., (CCO anatomy professor) et al. (14) con-
ducted a cadaveric SI motion study. One innominate was encased 
in concrete. The sacrum and other innominate were free to move. 
Steel pins were fi xed in all the bones. Forces were applied to the 
lumbar spine. C.R. Nelson, D.O., an engineer, made all the mea-
surements and calculations. There are two excellent reports of this 
study (14). Strachan’s research looked at how the sacrum moved 
in relation to the ilium when forces were applied to the cadaveric 
spine. The following summarize his fi ndings:

■ All of the movements of the sacrum on the ilium are gliding 
movements. Theses include fl exion, extension, rotation, lateral 
fl exion, and a gliding upward and downward.

■ When force is transmitted vertically downward from the lumbar 
region, the sacrum glides downward and fl exes. When traction 
is applied, the sacrum glides upward and extends.

■ When rotation to one side is applied from above through the 
lumbar spine, the sacrum rotates to the same side and laterally 
fl exes to the opposite side.

■ When lateral fl exion to one side is applied from above through 
the lumbar spine, the sacrum laterally fl exes to the same side and 
rotates slightly, but the direction of rotation is inconsistent.

■ When rotation to one side is applied from above through the 
lumbar spine, the sacrum rotates to the same side and laterally 
fl exes to the opposite side.

■ When lateral fl exion to one side is applied from above through 
the lumbar spine, the sacrum laterally fl exes to the same side and 
rotates slightly, but the direction of rotation is inconsistent.

■ Freedom of movement is greater in fl exion-extension and in glid-
ing upward and downward than in rotation or lateral fl exion.

■ The ilium always moves in the same direction as the sacrum, but 
to a lesser degree.

Studies on SI motion in living subjects were performed by Weisl 
with lateral x-rays in the 1950s (6). Weisl noted a 6 mm displace-
ment between end points of motion, but the error of measurement 
was calculated to be 3 mm (6). Colachis et al. (1963) performed a 
study with rods in the iliac bones and reported 5 mm of transla-
tion but no other results (28). Selvik, in 1974, described a technique 
called roentgen stereophotogrammetric analysis (RSA), by which 
it was possible to measure sacral movement in all three planes (28). 
The RSA technique could measure very small SIJ movements with a 
high degree of accuracy and specifi city. According to Vleeming, the 
RSA technique could not identify SI dysfunction. While treatment 
was effective in relieving symptoms, the bony relationships were not 
altered. The research could not fi nd signifi cant differences of motion 
between movements of symptomatic and asymptomatic joints (28). 
However, these studies did not assess passive motion induced to the 
patient’s SIJ by the physician, as is done in the clinical arena.

According to Vleeming, in 1983, Grieve used a RSA method 
to analyze movements of skin markers placed on the PSISs and 
sacrum. She measured iliac and sacral movement between stand-
ing and standing with one leg in fl exion. She found the average 
movement at approximately 10 mm between the two positions. 
The sacrum was shown to rotate anterior relative to the ilia when 
standing up from lying supine. There was also an inward move-
ment of the iliac crests, noted as positive values around the Z-axis 
for the left side and negative values for the right (28).
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An in vivo SI motion study was carried out by Sturesson 
et al. (28). It used the RSA technique. In this technique, small 
metal balls were implanted in skeletal structures under local anes-
thetic. The motion between the metallic reference points of the 
ilium and the sacrum were measured in various positions by dual 
radiographic techniques. He found that in healthy young people, 
moving from a normal posture to hyperextension produced the 
greatest degree of motion. This was slightly more than 2 degrees 
on average, with a maximum of 4 degrees (15).

In 1990, Vleeming performed a similar study showing range 
in motion from zero to about 4 degrees, on individuals who had 
been found to have SI dysfunction based on a consensus from two 
physiotherapists, an orthopedic surgeon, and a chiropractor.

Sacroiliac Joint Stability

Much attention and research has been placed on stability of the 
SIJs. This is primarily due to the clinical fi nding of SIJ dysfunc-
tion in the patient with lower back pain, as well as the general 
medical consensus that the majority of back pain suffers have 
poor lumbar-pelvic motion and stability. Therapeutic exercise and 
osteopathic treatment for the core lumbar and pelvic musculature 
helps patients with low back pain and SI syndrome. The SIJ is one 
in which a small amount of motion is desirable, as excessive motion 
is much more diffi cult to treat clinically.

Click-clack Phenomenon

This postural transition from lumbar lordosis to lumbar kyphosis is 
called the lumbopelvic “click-clack” phenomenon. The click-clack 
phenomenon implies unfavorable loading of the lumbosacral and 
SI region. This motion occurs when a patient goes from a seated 
position to a standing position. It is thought that the intermediate 
position between kyphosis and lordosis is unfavorable, because of a 
lack of stability. This positional change, as well as counternutation 
(anatomic sacral extension), is unfavorable because of loading of 
the long dorsal SI ligaments. This ligament has been reported to 
be painful in 42% of patients with peripartum pelvic pain, and 46% 
with nonspecifi c low back pain. Control of the click-clack phe-
nomenon depends on the rate of muscle action: the muscle forces 
must be generated at precisely the right time. This process may be 
viewed as a joint protecting or an arthrokinetic refl ex. Weakness or 
tightness of involved muscles of the kinetic chain may delay muscle 
reaction and impair the functional stability of the SIJs.

Self-Bracing Mechanism

When considering the biomechanics of the sacrum, the forces 
applied to the joint and the shape of the joint surfaces must be 
taken into account. Gravitational force is applied to the SIJs in the 
standing position. Unlike other joints, this force is almost parallel to 
the surfaces of the SIJs. Because of this, there is considerable shear 
loading in the SIJ and a risk of damaging the ligaments. In general, 
the strong ligamentous structures surrounding the SIJ are assumed 
to be suffi cient to prevent shear force and stabilize the joints. How-
ever, Vleeming et al. states that the ligaments alone are not capable 
of transferring lumbosacral load effectively to the iliac bones dur-
ing standing and sitting. Research has shown that muscles and fas-
cia contribute to the self-bracing or self-locking mechanism of the 
SIJ. The muscles involved apply a tension cross-brace to the SIJs, 
similar to the effect of wearing a SI belt. The muscles includethe 
latisimus dorsi, the thoracolumbar fascia, gluteus maximus, and the 
iliotibial tract. Ventrally the muscles involved include the external 

abdominal obliques, the linea alba, the internal abdominal obliques, 
and the transverse abdominals. In both standing and sitting, the 
activity of the oblique abdominal muscles, especially the internal 
obliques, was found to be signifi cant. Interestingly, research showed 
that leg crossing correlates with a signifi cant decrease in activity 
of the internal obliques, causing an unstable situation. The psoas 
muscles are continuously active in erect postures acting as muscles 
of postural balance (16,23). This muscle, however, produces shear 
loading of the SIJs as well, because its orientation is almost parallel 
to the SIJ surfaces. Clinically, the authors fi nd this muscle to be the 
most common culprit in restrictions of SI motion.

Form and Force Closure

According to the self-locking mechanism, resistance against shear 
results from the specifi c properties of the articular surfaces of the 
SIJ (form closure) and from the compression produced by body 
weight, muscle action, and ligament force (force closure). Different 
aspects of this mechanism operate depending on if the patient is 
standing, sitting, walking, or lifting. According to this model, the 
SIJ becomes especially prone to shear forces if loaded in anatomic 
sacral extension. This position with fl attening of the lumbar spine, 
is thought to lead to abnormal loading of the lumbar discs and, 
in the end, herniation. The SIJs remain in place by friction forces 
between, and tangential to, the contact surfaces. These forces are 
generated by compression. The SIJs have symmetric ridges and 
grooves in the joint surfaces that apply friction. Form closure refers 
to a stable situation with closely fi tted joint surfaces, in which no 
extra force is needed to maintain the state of the system, given 
the actual load situation. Form closure requires the proper size, 
shape, and attitude of the articulating surfaces, on which the load 
is dependent.

Additional compressive forces are needed to resist high load 
situations when shearing of the SIJ surface occurs. Force closure by 
this musculotendinous cross-bracing system is essential when form 
closure is absent, or insuffi cient. Vleeming described three muscle 
slings (one longitudinal and two oblique) that can be activated dif-
ferently, based on the load applied. Compression by these slings 
can be produced by muscle forces, in combination with forces in 
ligaments and fascia that cross the SIJ surfaces. For example, con-
sider postural scoliosis with unlevelness of the sacral base. To coun-
ter the torque that results from sacral unlevelness, muscular force is 
necessary to stabilize the situation by formation of scoliosis.

SACRAL MOTION

Considering these principles, four general categories of sacral 
motion can be described. These include:

■ Postural
■ Respiratory
■ Inherent
■ Dynamic

Postural Motion

In the standing or seated patient, postural motion of sacral fl ex-
ion or extension occurs about a middle transverse axis. Flexion and 
extension of the sacrum correspond to anatomic nomenclature, 
with a reference point at the anterior portion of the sacral base. 
Flexion (forward bending, nutation) occurs when the sacral base is 
moving forward or anteriorly. Extension (backward bending, coun-
ternutation) of the sacral base occurs when the sacral base moves 
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posteriorly. Terminology for sacral motion uses the same reference 
point as terminology for spinal motion, the most anterior superior 
part of the body (in the case of the sacrum, the sacral base). Pos-
tural fl exion/extension of the sacrum is sometimes referred to as 
sacral base anterior (for fl exion) or posterior (for extension). This 
prevents confusion of understanding sacral motion that occurs dur-
ing fl exion and extension of the Sphenobasilar synchrondosis dur-
ing craniosacral motion (see “Inherent Motion”). When a person 
is seated and the torso is forward bent, the sacral base moves ante-
riorly. When a person is standing and begins forward bending, the 
sacral base begins to move anteriorly, tightening the sacrotuberous 
ligaments. As forward bending continues, the pelvis moves poste-
riorly in relation to the feet. This shift in the base of support causes 
the sacral base to move posteriorly.

Respiratory Motion

Respiratory motion also affects the sacrum, partially because the 
diaphragm is attached to the top three lumbar vertebrae (L1-2 on 
the left and L1-3 on the right). Mitchell and Pruzzo (17) showed 
that the sacrum moves in response to respiration along the superior 
transverse axis at the second sacral segment. As inhalation occurs, 
the lumbar lordotic curve decreases, and therefore the sacral base 
moves posteriorly. As we exhale, the lumbar lordosis increases and 
the base of the sacrum moves slightly forward.

Inherent Motion

Cranial terminology defi nes cranial sacral fl exion/extension as 
the position of the sacrum when the sphenobasilar synchondrosis 
(SBS) is in fl exion or extension. In fl exion, the sacral base moves 
backwards (posteriorly). Therefore, cranial fl exion is anatomic 
extension. Students were taught that relative to the sacrum, cra-
nial fl exion or extension was the opposite of anatomic fl exion or 
extension. If anyone was referring to sacral motion from a cranial 
perspective, it was imperative to state cranial fl exion or cranial 
extension. Because of this confusion, the Educational Council on 
Osteopathic Principles (ECOP) has encouraged the use of the 
terms nutation and counter-nutation to describe sacral movement 
in the cranial cycle of fl exion/extension. Nutation means nodding 
forward, referring to anterior motion at the sacral base. During the 
fl exion phase (of craniosacral inherent motion), the sacrum coun-
ternutates. During the extension phase (of craniosacral inherent 
motion), the sacrum nutates.

ECOP added the term to the Glossary to satisfy those ECOP 
members who felt that use of this term would clarify the difference 
between anatomic fl exion and cranial fl exion. The Glossary of Osteo-
pathic Terminology (created by ECOP and published in Founda-
tions) defi nes nutation as “nodding forward; anterior movement of 
the sacral base around a transverse axis in relation to the ilia, occur-
ring during sphenobasilar extension of the craniosacral mechanism.” 
This defi nition clearly implies that nutation, and counter-nutation, 
are terms to be used in describing sacral motion/position in relation 
to the cranial concept. With the expanded use of these terms, our 
profession has created a new set of confusions. Nutation is also being 
used to describe and name biomechanical fl exion (sacral base mov-
ing forward) of the sacrum. Another term approved by ECOP con-
cerns tissue texture abnormality, asymmetry, restriction of motion, 
and tenderness (TART Criteria), as outlined in Table 41.2.

Dynamic Motion

Dynamic motion of the sacrum and pelvis occurs during walking. 
As weight bearing shifts to one leg, unilateral lumbar sidebend-
ing engages the ipsilateral oblique axis by shifting weight to that 
SIJ. The sacrum now rotates forward on the opposite side, creating 
a deep sacral sulcus. With the next step, this process reverses as 
weight bearing changes to the other leg. The sacral base is con-
stantly moving forward on one side, then the other, about the 
oblique axes. As this occurs, the two innominates are rotating in 
opposite directions to each other about the inferior transverse 
sacral axis. One side rotates anteriorly as the other side rotates pos-
teriorly. With the next step, this process reverses as the anteriorly 
rotated ilium moves into posterior rotation. Interacting with the 
bony and ligamentous structure during this motion are the viscera, 
the weight of the upper body, the muscles of locomotion and bal-
ance, and the pelvic diaphragm, all revolving around the constantly 
changing instantaneous axes at the pelvis.

NORMAL MOTION OF WALK CYCLE

In the following passage from his paper, “Structural Pelvic Func-
tion,” Mitchell (13) described the interplay of locomotion and bal-
ance as being the walking cycle:

The cycle of movement of the pelvis in walking will be described 
in sequence as though the patient were starting to walk forward 
by moving the right foot out fi rst.

T A B L E  4 1 . 2

Tart Criteria for Identifying Somatic Dysfunction

Tissue Texture Abnormalities
How the Tissue Feels to the 
Palpating Hand Classify as Acute or Chronic

Asymmetry Apparent relationship of 
landmarks and tissues

Made by observation, not palpation; is 
generally static positional asymmetry

Restriction of motion How the tissue moves Arthrodial, muscular, or fascial elements
Tenderness Pain elicited by palpation Generalized as in traumatic tissue damage, 

such as contusion, or specific for individual 
muscles or sclerotomal levels, as in tender 
point diagnosis
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To permit the body to move forward on the right, trunk rotation 
in the thoracic area occurs to the left accompanied by lateral fl exion 
to the left in the lumbar with movement of the lumbar vertebrae 
into the forming convexity to the right. There is a torsional locking 
at the lumbosacral junction as the body of the sacrum is moving to 
the left, thus shifting the weight to the left foot to allow lifting of 
the right foot. The shifting vertical center of gravity moves to the 
superior pole of the left SI, locking the mechanism into mechanical 
position to establish movement of the sacrum on the left oblique 
axis. This sets the pattern so the sacrum can torsionally turn to the 
left, thereby the sacral base moves down on the right to conform to 
the lumbar C curve that is formed to the right.

When the right foot moves forward there is a tensing of the 
quadriceps group of muscles and accumulating tension at the infe-
rior pole of the right SI at the junction of the left oblique axis and 
the inferior transverse axis, which eventually locks as the weight 
swings forward allowing slight anterior movement of the innomi-
nate on the inferior transverse axis. The movement is increased 
by the backward thrust of the restraining ground, tension on the 
hamstrings begins; as the weight swings upward to the crest of the 
femoral support, there is a slight posterior movement of the right 
innominate on the inferior transverse axis. The movement is also 
increased by the forward thrust of the propelling leg action. This 
iliac movement is also being infl uenced, directed and stabilized by 
the torsional movement on the transverse axis at the symphysis. 
From the standpoint of total pelvic movement one might consider 
the symphyseal axis as the postural axis of rotation for the entire 
pelvis.

As the right heel strikes the ground and trunk torsion and 
accommodation begin to reverse themselves, and as the left foot 
passes the right foot and weight passes over the crest of the femoral 
support, and the accumulating force from above moves to the right, 
the sacrum changes its axis to the right oblique axis and the sacral 
base moves forward on the left and torsionally turns to the right.

The cycle on the left is repeated identically to the right half 
movements. The shifting vertical center of gravity moves to the 
superior pole of the left SI locking the mechanism into mechani-
cal position to establish movement of the sacrum on the left 
oblique axis.

Somatic dysfunctions may accentuate and retain portions of the 
motion described above. These are called physiologic somatic dys-
functions, because the muscles, connective tissue, and joints remain 
in positions that are normally a part of physiologic motion but are 
dysfunctional when the body should have returned to a neutral 
position but did not do so. Nonphysiologic somatic dysfunction is 
generally induced by trauma. It is evidenced by the joint, muscle, 
and connective tissue elements being in positions and/or relation-
ships that are not part of the physiologic range of motion and 
do not involve the physiologic axes of motion. Examples include 
sacral, innominate, and pubic shears.

Integrated Physical Examination

The osteopathic examination is not a traditional history and 
physical with a palpatory examination added to it. An osteopathic 
examination strives to provide a time- and cost-effective diagnosis 
while encompassing the interrelationship between structure and 
function. Integration of the physical fi ndings with the emotional, 
environmental, and genetic factors allows the osteopathic physician 
to understand their impact on body unity. An understanding and 
recall of the physiologic spinal motion patterns is also necessary 
before performing the physical examination. Using this knowl-
edge, the physical exam will help the clinician rule out specifi c 
conditions on the differential diagnosis list. A prior knowledge 

of Chapman refl exes, viscerosomatic refl exes, and the autonomic 
innervation of the viscera are also useful during the physical exam. 
While performing the physical exam, osteopathic physicians may 
discover paraspinal tissue texture changes that have characteristic 
palpatory qualities and conclude that these changes are due to vis-
ceral disturbances. These tissue texture changes are palpated in the 
subcutaneous tissue, and superfi cial and deep fascia, rather than 
in the muscle. Palpation leads to motion testing of tissues. Pas-
sive motion testing is performed as part of the integrated physi-
cal exam. In this fashion, through palpation and motion testing, 
an osteopathic physician examines the homeostatic reserve of each 
patient, an area crucial in determining prognosis, treatment design, 
and prevention. To fi nd health is the object of the physician, anyone can 
fi nd disease (18).

Begin with observation of the patient’s gait. Do they turn one 
foot outward or inward? Do they hike a hip, lean to one side, or 
limp? Any of these fi ndings can relate to dysfunction of the sacrum 
and pelvis. Perform a structural examination including a standing 
fl exion test, a pelvic sideshift test, and a seated fl exion test. Look 
for un-level iliac crests as well as greater trochanters. If they have 
a low greater trochanter, low iliac crest, and deep sacral sulcus on 
the same side, and have pelvic sideshift away from this side, they 
probably have a leg length inequality. This situation will un-level 
the sacral base, and affect pelvic stability. Do they have a group 
curve in the thoracic or lumbar region? This fi nding correlates with 
sacral base unleveling and is commonly seen with forward sacral 
torsions. Look for a reversal of their A-P curves. A fl attened upper 
lumbar spine and an increased lumbar lordosis of the lower seg-
ments correlate with bilateral iliopsoas tension. If the entire lumbar 
spine is fl attened, look for a sacral base that is held in extension 
(counternutation). If they have a signifi cant increase in their lum-
bar lordosis, their sacrum will be bilaterally fl exed, almost parallel 
to the ground. In this situation L5 frequently is unstable and may 
develop disc protrusions or other orthopedic changes. A Trende-
lenberg test can be done to evaluate for gluteus medius weakness 
(Table 41.3). As an addition to this examination, some physicians 
(and physical therapists) include a scanning examination for myo-
fascial triggerpoints or tenderpoints. The assessment and treatment 
of myofascial trigger points is important when dealing with pelvic 
pain and dysfunction. If performed properly, a standing structural 
exam and evaluation of gait can provide useful clinical informa-
tion to aid in the diagnosis and treatment of sacral and pelvic 
dysfunction.

Have the patient sit on the table and perform a cardiopulmo-
nary examination. The palpatory examination should include an 
assessment of the patient’s cardiovascular status. Pulses should be 
palpated and ascultated for bruits bilaterally. An abdominal pulse 
should be palpated, identifi ed, classifi ed, and ascultated. Periph-
eral edema, sacral edema, and trophic changes in the skin should 
be evaluated. In addition to the auscultation over arteries in the 
periphery, auscultation of the heart, lungs, and abdomen should 
accompany any patient evaluation. If atheromatous disease is sus-
pected, auscultation over the carotid and femoral arteries is imper-
ative, if an abdominal aneurysm is suspected, the diameter of the 
abdominal aorta is evaluated carefully.

While the patient sits on the table, perform a neurologic exam-
ination. Muscle testing and sensation are the primary focus of the 
neurologic examination of the pelvis and hip (21).

Muscle Testing

Muscles of the lower extremity and buttocks require assessment 
when evaluating the pelvis and hip. Descriptions of the innervation, 
functional anatomy, and dysfunction are discussed in the chapters 
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on lumbar spine and lower extremity. Primary intrinsic muscles of 
the pelvis, although not tested for strength, may be palpated for 
tension, tissue texture changes, and tender points. Lumbar and pel-
vic muscles that may have triggerpoints referring pain to the pelvis 
should also be investigated (19,20).

Sensation Testing

The dermatomal distribution of sensory nerves to the pelvic girdle 
ranges from T10 to S5, involving nerve roots from the thoracic, 

lumbar, and sacral regions (Fig. 41.7). Dermatomes of the anterior 
abdominal wall run in transverse and oblique bands. These der-
matomes begin at the umbilicus with the T10 strip followed 
inferiorly by the T11 strip. The T12 strip lies just superior to the 
inguinal ligament, while L1 lies just inferior to it. Inferior to the L1 
dermatome lie the L2 and L3 strips covering the anterior thigh and 
ending at the patella. The buttocks, PSISs, and iliac crest are sup-
plied by the cluneal nerves (21) (posterior primary divisions of L1, 
L2, and L3). The posterior femoral cutaneous nerve (S2) supplies 
sensation to a longitudinal band traversing the posterior thigh. 

T A B L E  4 1 . 3

Special Orthopedic and Physical Therapy Tests Performed on the Pelvis

Orthopedic Tests of the SIJs Characteristics

Ipsilateral prone kinetic test Prone
Gapping test Supine, compress/IR both ilia

Positive test = SI pain
Approximation test Supine, or prone, ER both ilia

Positive test = SI pain
SI rocking test Supine, passively flex, and extend sacrum

Positive test = SI pain
Squish test
Femoral shear test Supine, Flex hip and knee, compress

Positive test = SI pain
Prone springing test Prone, anterior pressure, springing motion

Positive test = pain

Special Tests of the Pelvis (30) Characteristics

Straight leg raising test Supine, flex hip, knee extended
Positive = radicular pain 30–70 degrees

Prone knee bending test (Nachlas) Prone, Flex knee, extend hip
Positive = pain anteriorly

Gillet test Standing, flex hip and knee maximally
Positive = asymmetry of PSIS, sacral spines

Ipsilateral anterior rotation test Standing, side-lying, Passively rotate ilium
Positive = pain

Flamingo test Standing, hip flexed, abducted, ER, knee flexed
Positive = pain

Leg length tests Supine, Measure ASIS to medial malleolus
Positive = discrepancy

Sign of the buttock Supine, Flex hip with knee extended, then flex knee
Positive = knee flexion does not allow further hip flexion

Gaenslen test Side-lying, Flex lower hip, hold. Examiner extends top hip.
Positive = pain in SIJ

Leaguer sign Supine, flex, abduct, laterally rotate symptomatic hip with overpressure
Positive = positive = pain in SIJ

Supine-to-sit (long sitting) test Supine, legs straight, patient sits up.
Positive = one leg moves proximal farther than the other = pelvic 
dysfunction

Yeoman test Prone, flexes knee to 90 degrees, extend hip
Positive = pain anterior SI ligaments

Thomas test Supine, flex hip, hold knee to chest, allow other leg to extend
Positive = un-held hip remains semiflexed

Trendelenberg test Standing, one leg stance, evaluate pelvic position, evaluates stance 
leg: gluteus medius strength
Positive = hip drops on nonstance side
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The lateral femoral cutaneous nerve (S3) supplies sensation to the 
lateral thigh. The cutaneous innervation of the perineum is 
arranged in concentric rings around the anus: the outermost (S2), 
middle (S3, S4), and innermost (S5).

Orthopedic Sacroiliac Joint Testing

In addition to observation of landmarks for asymmetry, palpation 
for tissue texture changes, and passive motion testing of joints 
and tissues; the orthopedic and physical therapy literature also 
stresses the performance of pain provocative tests, kinetic tests, 
and special tests. Pain provocative tests include traditional ortho-
pedic tests, motion demand tests and ligament tension tests (25). 
Kinetic tests can be assessed either weight bearing or non–weight 
bearing. These tests assess SI motion during patient-generated 
movements.

DIAGNOSIS OF ILIOSACRAL AND PUBIC 
SOMATIC DYSFUNCTION

Iliosacral Somatic Dysfunctions

Iliosacral somatic dysfunctions include:

■ Innominate rotations, anterior and posterior
■ Innominate subluxations (shears), superior and inferior
■ Innominate fl ares (infl ares and outfl ares)
■ Pubic shears (subluxations), superior and inferior
■ Unequal hamstring length
■ Unequal iliopsoas length

Anterior Innominate Rotation
This exists when the dysfunctional side has the following posi-
tional characteristics:

■ Entire innominate appears to be rotated in a direction anterior 
to the other hip bone.

■ ASIS is more inferior (caudad).
■ PSIS is more superior (cephalad).

Subjective complaints may include ipsilateral hamstring tightness 
and spasm and sciatica (secondary to piriformis dysfunction). Pal-
patory fi ndings may include the following:

■ Tissue texture changes at the ipsilateral ILA of the sacrum.
■ Iliolumbar ligament tenderness
■ Positive ASIS compression test on the involved side (Fig. 41.8)
■ Positive standing fl exion test on the involved side
■ Motion characteristics should indicate freedom of anterior rota-

tion, about an inferior transverse axis, on supine motion testing, 
and resistance to posterior rotation.

Posterior Innominate Rotation
This exists when the dysfunctional side has the following posi-
tional characteristics:

■ Entire innominate appears to be rotated in a direction posterior 
to the other hip bone.

■ ASIS is more superior (cephalad).
■ PSIS is more inferior (caudad).

Subjective complaints may include inguinal/groin pain (secondary 
to rectus femoris dysfunction) and/or medial knee pain (secondary 
to sartorius dysfunction).

Palpatory fi ndings may include:

■ Inguinal tenderness
■ Tissue texture change (TTC) at the ipsilateral sacral sulcus
■ Positive ASIS compression test on the involved side (see Fig. 41.8)
■ Positive standing fl exion test on the involved side
■ Motion characteristics include freedom of posterior rotation 

about an inferior transverse axis on supine motion testing and 
resistance to anterior rotation.

Superior Innominate Shear (Subluxation)
This exists when the dysfunctional side has the following 
characteristics:

■ ASIS is more superior (cephalad).
■ PSIS is more superior (cephalad).
■ Pubic ramus may be more superior (cephalad).
■ Positive ASIS compression test on the involved side
■ Positive standing fl exion test on the involved side

Note: The reciprocal positioning of the ASIS and PSIS exists only if 
there is a pure superior shear without any rotation of the innominate.

The two innominates appear to be sheared so that the one hip 
bone is subluxed superiorly to the other.

Figure 41-7 Anterior thoracic dermatomes. (Reprinted from 
Kuchera WA, Kuchera ML. Osteopathic Principles in Practice. 2nd 
Ed. Rev. Columbus, OH: Greyden Press, 1994, with permission.)

Figure 41-8 ASIS compression test. (Modifi ed from Kuchera WA, 
Kuchera ML. Osteopathic Principles in Practice. 2nd Ed. Rev. Colum-
bus, OH: Greyden Press, 1994.)
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Subjective complaints may include pelvic pain. Palpatory 
fi ndings may include tissue texture changes at the ipsilateral SIJ 
and ipsilateral pubes. Motion characteristics include freedom of 
superior translation.

Inferior Innominate Shear (Subluxation)
This condition exists when the dysfunctional side has the following 
characteristics:

■ ASIS is more inferior (caudad).
■ PSIS is more inferior (caudad).
■ Pubic ramus may be more inferior.
■ Positive ASIS compression test on the involved side
■ Positive standing fl exion test on the involved side

The two innominates appear to be sheared so that the one ilium is 
subluxed inferiorly to the other. This condition is rare, and walk-
ing tends to reduce it. Subjective complaints may include pelvic 
pain. Palpatory fi ndings may include tissue texture changes at the 
ipsilateral SIJ and ipsilateral pubes. Motion characteristics include 
freedom of inferior translation.

Innominate Flares
This condition is a positional change of an innominate in which 
the ASIS is medial or lateral to its usual position. This may be 
thought of as rotation of an innominate in relation to a vertical 
axis. If the ASIS is more lateral on the dysfunctional side, the 
patient has an innominate outfl are. If the ASIS is more medial 
on the dysfunctional side, the patient has an innominate infl are. 
Infl ares and outfl ares tend to occur simultaneously with innomi-
nate rotation. It would be common to see an anterior rotation of 
the ilium with a component of an infl are. It would also be com-
mon to see a posterior innominate with a component of anoutfl are. 
Subjective complaints may include pelvic or SI pain. Palpatory 
fi ndings may indicate greater laxity in the muscles on the side 
that is more lateral and more tautness on the side that is more 
medial.

Pubic Somatic Dysfunction

Vertical Pubic Shears
Isolated vertical pubic shears (subluxations) may or may not actu-
ally exist. There may be evidence of a rotation or subluxation that 
is diffi cult to diagnose. However, there are times when the ASISs 
appear to be equal, the PSISs appear to be equal, and yet the pubes 
are defi nitely displaced so that one is detectably superior and the 
other inferior. Since the ASISs and PSISs are equal, it does not 
appear that the ilium is rotated or sheared. When the dysfunc-
tional side is superior, it is said to be a superior pubic shear; if the 
dysfunctional side is inferior, it is an inferior pubic shear. More 
commonly, the clinician will fi nd a superior pubic shear with an 
associated posterior ilium or an upslip. The same hold true for an 
inferior pubic shear and an anterior ilium or a down slip. Ante-
rior pubic shears are uncommon, and are usually associated with 
trauma. In these cases, one side of the symphysis is anterior to the 
other.

Pubic Symphysis Compressions/Gapping
Pubic symphysis compressions occur, evidenced by bilateral ten-
derness of each pubic rami as well as tenderness centrally over the 
symphysis. Using the adductor muscles of the thigh in a muscle 
energy technique can reduce these compressions.

The L5 anterior counterstrain point is also located on the 
pubes. Treatment of this tender point with counterstrain technique 

may be appropriate and necessary in treating pubic symphysis 
symptoms because what appears to be a pubic dysfunction may 
actually be refl exive evidence of L5 dysfunction.

Gapping or subluxation of the pubic symphysis can occur after 
childbirth, after pelvic fractures, or other traumas. Pelvic x-rays 
clearly document the degree of gapping. These are usually quite 
painful, and not easily treated. Treatment of the SIJs, core muscles, 
and applying lateral and anterior compression to the lateral aspects 
of the ilia with a SI belt may help. To review iliosacral and pubic 
diagnoses (Tables 41.4 and 41.5).

Other Considerations of the Pelvis

Unequal Hamstring Length
Unequal hamstring length can be considered either a pelvic or a 
lower extremity somatic dysfunction because the hamstrings are 
attached to both the pelvis and the lower extremity. If the ham-
strings are of unequal length, standing fl exion test results may be 
either falsely positive or negative. Therefore, it is imperative to 
treat the hamstrings and retest. If the standing fl exion test and 
pelvic landmark positions normalize, the dysfunctional hamstrings 
were the problem. Otherwise, treat as indicated by the second 
diagnosis. If an innominate is anterior, it will separate the origin 
and insertion of the hamstrings, making the muscle tight and 
irritable.

Unequal Iliopsoas Length
Unequal psoas length may be suspected when pelvic side shift is 
present, when the upper lumbar lordotic curve is fl attened, or when 
seated or prone evaluation suggests upper lumbar fl exed somatic 
dysfunction. To test the ability of the psoas muscle to lengthen, 
place the patient in a prone position. Stand at the side of the table. 
Stabilize the ipsilateral pelvis with your free hand. Grasp the thigh 
just above the knee and extend the hip until the ASISs begin to 
rise off the table. Note the ease and degrees (quality and quantity) 
of hip extension on both sides. Also, on the tighter side, the leg 
appears heavier. Compare the two sides.

T A B L E  4 1 . 4

Pubic Symphysis Dysfunctions

Diagnosis Characteristics

Superior right Positive right standing flexion test
Superior right pubic tubercle
Tense, tender right inguinal 
ligament

Superior left Positive left standing flexion test
Superior left pubic tubercle
Tense, tender left inguinal ligament

Inferior right Positive right standing flexion test
Inferior right pubic tubercle
Tense, tender right inguinal 
ligament

Inferior left Positive left standing flexion test
Inferior left pubic tubercle
Tense, tender left inguinal ligament
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590 III • APPROACH TO THE SOMATIC COMPONENT

DIAGNOSIS OF SACROILIAC JOINT 
SOMATIC DYSFUNCTION

The most common and standard diagnoses of SI somatic dysfunc-
tion include (but are not limited to):

■ Sacrum anterior
■ Sacrum posterior
■ Forward torsions (rotation of the sacrum on the same oblique axis):
 ■ Left rotation on left oblique axis
 ■ Right rotation on right oblique axis
■ Backward torsions (rotation of the sacrum on the opposite 

oblique axis):
 ■ Right rotation on left oblique axis
 ■ Left rotation on right oblique axis

■ Bilateral sacral fl exion
■ Bilateral sacral extension
■ Unilateral sacral fl exion (sacral shear)
■ Unilateral sacral extension (sacral shear)

In the osteopathic profession, several models of SI dysfunction 
have been described. Three systems of nomenclature currently 
used to defi ne sacropelvic mechanics are those described by Stra-
chan (HVLA), Mitchell (muscle energy), and Van Buskirk (Still 
technique). The HVLA system is described in Walton’s text, 
Osteopathic Diagnosis and Technique, Sacroiliac Diagnosis (22). 
Both the Chicago and Mitchell models describe similar events, 
but from differing points of reference. Both systems are based 
on physiologic motion of the sacrum, pelvis, and lumbar spine. 
However, the Strachan model does not describe or identify what 
the Mitchell system refers to as backward sacral torsions; just as 
the Mitchell system has no equivalent for Strachan’s posterior 
sacrum.

The Still (Van Buskirk) model looks at the sacrum in a unique 
way (7). It looks at sacral dysfunction as more of a myofascial 
restriction that is present after the lumbar spine and pelvis has 
been already treated. The student of osteopathic medical profes-
sion needs to understand these three approaches in dealing with SI 
and pelvic somatic dysfunction.

Table 41.6 outlines the examination for somatic dysfunction of 
SI articulation.

The Mitchell Model

The model of SI motion and dysfunction most commonly taught 
in Colleges of Osteopathic Medicine is that developed by Fred 
Mitchell, Sr., D.O. and amplifi ed by his son Fred Mitchell, Jr., D.O., 
and others. Mitchell introduced a new vocabulary, new concepts 
regarding SI motion, and new diagnostic tests. The fi rst publica-
tion was an article in the 1958 AAO Yearbook entitled “Structural 
Pelvic Function” and republished in 1965. The following paragraph 
summarizes the new vocabulary, concepts and diagnostic tests con-
tributed by Mitchell.

In the paper, the nomenclature never defi ned a relationship 
between the sacrum and the ilium, although he recognized that 
during the motion cycle of walking the ilia move back and forth 
in opposing directions. The focus was more centered of what 
was occurring between the sacrum and L5. The paper explained 
how the motion cycle of walking was utilized to analyze sacral, 
lumbar, and ilial motion. Three transverse axes of sacral motion 
were identifi ed (superior, middle, inferior) and an oblique axis 
(upper pole on one side and lower pole on the opposite side). 
The Seated fl exion test indicated the side of the SI dysfunction 
while the Standing fl exion test indicated the side of the iliosacral 
dysfunction.

Mitchell described sacral torsions as oblique axis dysfunctions. 
They are named for the rotation of the sacrum in relation to L5. 
The terminology of sacral torsions does not name ilial motion/
position in relation to the sacrum, although this is described in 
the diagnostic fi ndings of sacral torsions. In torsions, lumbar side-
bending engages the oblique axis, and the sacrum rotates about an 
oblique axis. Forward torsions were named right on right; or left on 
left with L5 following neutral mechanics. Backward torsions were 
named right on left, or left on right with L5 following nonneutral 
mechanics.

In relation to unilateral fl exions, he described that they have a 
shallow sulcus and a posterior/inferior inferior lateral angle (ILA) 
on the same side.

T A B L E  4 1 . 5

Iliosacral Somatic Dysfunction

Diagnosis Characteristics

Anterior rotation 
right

Positive right standing flexion test
Inferior right ASIS
Superior right PSIS

Anterior rotation 
left

Positive left standing flexion test
Inferior left ASIS
Superior left PSIS

Posterior rotation 
right

Positive right standing flexion test
Superior right ASIS
Inferior right PSIS

Posterior rotation 
left

Positive left standing flexion test
Superior left ASIS
Inferior left PSIS

Outflare right Positive right standing flexion test
Lateral right ASIS
Medial right PSIS

Outflare left Positive left standing flexion test
Lateral left ASIS
Medial left PSIS

Inflare right Positive right standing flexion test
Medial right ASIS
Lateral right PSIS

Inflare left Positive left standing flexion test
Medial left ASIS
Lateral left PSIS

Superior shear 
(upslip) right

Positive right standing flexion test
Superior right ASIS
Superior right PSIS

Superior shear 
(upslip) left

Positive left standing flexion test
Superior left ASIS
Superior left PSIS

Inferior shear 
(down slip) right

Positive right standing flexion test
Inferior right ASIS
Inferior right PSIS

Inferior shear 
(down slip) left

Positive left standing flexion test
Inferior left ASIS
Inferior left PSIS
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In the Mitchell muscle energy model of diagnosis, two 
assumptions are made when determining an iliosacral diagnosis. 
The fi rst is that the dysfunction is due to neuromuscular imbalance, 
with the muscle(s) on one side being hypertonic and their oppo-
sites being hypotonic. The second is that the side of dysfunction is 
the side of the positive standing fl exion test.

With regards to the innominates Mitchell’s paper described 
the inferior transverse axis for innominate rotation. The anterior 
and posterior innominate rotation was basically unchanged from 
the older models. He also discussed the innominate upslip (supe-
rior translation or shear) as fi rst described by Fryette. He also com-
mented on pubic shears.

The Mitchell model, being based on the motion cycle of walk-
ing, teaches that a pubic shear prevents normal motion of the pel-
vis, lumbar spine, and sacrum during walking.

The following are the diagnostic tests he described:

■ Standing and Seated fl exion test
■ Lumbosacral spring test
■ Backward bending test
■ Positional assessment was utilized
■ All motion testing is limited to sagittal plane motion
■ Palpation for tissue texture abnormality was not described in 1958.

The Mitchell model uses positional asymmetry and the backward 
bending and spring tests to obtain a diagnosis of sacral dysfunction. 
Palpation for TTC and passive motion testing of sacral motion 
about the oblique axes was not part of their diagnostic process.

Following introduction of his concepts to the osteopathic pro-
fession, a Muscle Energy Tutorial Committee was created. The 
Muscle Energy Tutorial Committee met for a number of sessions, 
and developed a curriculum for teaching the “Mitchell Model” and 
muscle energy technique. With the development of new schools of 
osteopathic medicine (in addition to the fi ve existing schools), the 
faculty of the new schools received tutorial training in the Mitch-
ell muscle energy model. By sheer numbers, the Mitchell model 
became the language of the osteopathic profession.

The Chicago Model

The Chicago model dates back to the late 1930s, when Stra-
chan, D.O. (CCO anatomy professor) et al. conducted a cadaveric 

SI motion study. Strachan’s fi ndings are discussed in the section 
on Biomechanics and motion. The Chicago/HVLA system is 
described in Walton’s text, Osteopathic Diagnosis and Technique, 
Sacroiliac Diagnosis (22). Strachan’s model describes sacral dysfunc-
tion in relation to the ilium rather than to L5. Historically, prior 
to Mitchell’s paper in 1958 on structural pelvic function (13), SI 
problems were described as the sacrum in relation to the ilium, 
or the ilium in relation to the sacrum. Dysfunctions include ante-
rior sacrum and posterior sacrum. Sacral movement is around an 
oblique axis: motion may be restricted at either the upper or lower 
arm of the L- (C-) shaped SIJ. Note that the ILA is not the lower 
arm of the joint, but a portion of the sacrum used for palpation and 
positional reference. The sacrum is diagnosed as either anterior or 
posterior to the ipsilateral ilium (Table 41.7).

Any discussion of the Chicago model must begin with an 
understanding that the sacrum is described in relation to the ilium. 
This seems a very logical approach when discussing the SIJ. There 
are two SIJs, one on either side. It is entirely logical when evalu-
ating the relationship of the sacrum to the ilium that both sides 
can and should be explored for diagnostic fi ndings. It always has 
depended on palpation for tissue texture changes as well as looked 
at anatomic asymmetry. In the early days, Philadelphia preferred 
to name the ilial position in relation to the sacrum. The Chicago 
model recognized a right and a left SIJ. SI dysfunctions were further 
classifi ed as upper pole dysfunctions and lower pole dysfunctions. 
The model uses asymmetry of position, tissue texture change, and 
motion testing about each oblique axis to arrive at the diagnosis. In 
the Chicago model, the relationship between the sacrum and L5 
(the lumbosacral joint) is not defi ned. Assessment of L5 requires a 
separate assessment. L5 position is not a part of the terminology of 
a Chicago SI lesion. Ordinarily, L5 rotates in the opposite direc-
tion of the sacrum. The term “compensated L5” has been applied to 
this relationship. (See Nelson, the Sacrum, a bone of contention.) 
The Chicago model delineates two primary sacral dysfunctions; 
the anterior sacrum and the posterior sacrum. Both dysfunctions 
involve the oblique axis. Described below are the clinical fi ndings 
of each.

An anterior sacrum left would be described as an upper pole 
dysfunction on the left. The left sacral sulcus would be deep in 
relation to the ilium. The sacrum dysfunction would be described 
as sacral rotation right, sidebending left, with a deep sulcus left, 

T A B L E  4 1 . 6

Examination for Somatic Dysfunction of SI Articulation

Position Examination Results

Step 1. Patient standing Evaluate anatomic landmarks, 
standing flexion test

A positive standing flexion test means 
dysfunction in the leg and/or pelvis on that side.

Step 2. Patient seated Perform seated flexion test Will specifically determine whether there is a SI 
dysfunction, and if so, which side (but not which 
arm) of the SIJ is dysfunctional.

Step 3. Patient supine Positional assessment of ASISs, 
pubic tubercles, and medial 
malleoli

Helps determine the etiology of the problem 
and whether it is purely sacral or a “mixed” 
problem, incorporating iliac and pubic 
dysfunction.

Step 4. Patient prone Palpate for tissue texture changes, 
motion testing of the sacrum, 
motion testing of L5, ligamentous 
tension testing

Helps the physician discover which axis 
is involved, find what portion of the SIJ is 
restricted, determine L5 motion and position, 
and evaluate pelvic ligamentous tensions.
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tenderness and tissue texture abnormality were found in the deep 
sulcus. In the early days, the term oblique axis was not used. How-
ever, sacral rotation right and sidebending left would be motion 
about a right oblique axis.

A posterior sacrum is a lower pole dysfunction. A posterior 
sacrum right involves sacral rotation right and sidebending left. 
However, the right ILA is posterior, with tissue texture abnor-
mality and tenderness over the lower pole of the SIJ on the right. 
A posterior sacrum is a form of oblique axis dysfunction in which 
the deep sulcus and posterior ILA are on opposite sides.

Both the anterior sacrum left and a posterior sacrum right 
could be described as “right on right” dysfunctions. Yet they are 
quite different. From the perspective of someone who under-
stands the difference, treatment can be very specifi c. The muscle 
energy technique for torsions is a form of lumbar sidebending 
technique.

What about unilateral fl exions and extensions? Strachan 
reported in 1938 “When a force is transmitted vertically downward 
from the lumbar region, the sacrum glides downward and fl exes. 
When traction is applied from above, the sacrum glides upward and 
extends.” Strachan has defi ned the motion of unilateral fl exions and 
extensions. If a downward force causes the sacrum to glide and fl ex, 
and for some reason the sacrum gets “stuck” on that side, a unilateral 
fl exion exists. Positionally, the sulcus will be deep, and the ILA is 
posterior/inferior on the same side. Since gravity is always produc-
ing a downward force, unilateral fl exions are reasonably common. 

Unilateral extensions are rare, because a traction-type force from 
above is necessary to glide the sacrum upward. Strachan also stated 
that the major motions of the sacrum are fl exion-extension and 
gliding up and down. He considered restrictions of the minor 
motions (rotation and sidebending) to be treated fi rst.

Pelvic Sideshift

The Chicago model also describes the concept of pelvic sideshift. 
The model looks at pelvic side shift as an etiology and a maintain-
ing factor of SI dysfunction.

Pelvic side shift is not a part of the Mitchell model. Pelvic 
side shift is a signifi cant cause of SI dysfunction. If the pelvis is 
side shifted to the right, the body compensates by shifting lumbar 
mass to the left. A curve, convex left, is created. The sacrum must 
sidebend to accommodate the curve. The sacrum side bends left. 
Since the sacrum normally rotates to the opposite side of sidebend-
ing, the sacrum rotates right. This will produce an anterior sacrum 
left or a posterior sacrum right (or a right on right torsion). What 
causes pelvic sideshift? There are two general causes: (a) muscle-
pull mechanics, dominantly psoas, and (b) postural imbalance from 
short leg, curves, trauma, etc. Since sideshift is not a part of the 
Mitchell model, many students are not taught to test for pelvic side 
shift. Side shift is a condition where the base of support (sacrum) 
is lateral to the midline. Signifi cant side shift can be determined 
by simple inspection. Given the reality that positional change and 
freedom of motion are in the same direction, sliding the pelvis to 
one side or another will reveal freedom in one direction and restric-
tion in the other direction. Dysfunctions are named for the free-
dom (which is also the position).

Side shift can also be evaluated with the patient prone. Simply 
grasp the pelvis and translate it to either side.

Chicago Philosophic Approach

The Chicago model is more than just two sacral dysfunctions 
and the pelvic sideshift test. The philosophic approach taught for 
generation’s stems from the teachings of Robert Kappler, D.O., 
F.A.A.O. His pragmatic clinical approach cuts through the didac-
tic biomechanical models and focuses on the patient. The approach 
starts with the clinician looking for an answer to the question, 
“Why is the sacrum in trouble?” It also stresses palpation for TTC 
as they signify altered physiology. Lastly, the philosophy stresses 
the concept of repeating the seated fl exion test at the end of treat-
ment to objectify the treatment response. In conclusion, anterior 
sacrum’s and posterior sacrum’s are defi nite clinical entities. Under-
standing these conditions, and knowing how to diagnose them, will 
provide a more specifi c and comprehensive understanding of the SI 
problem, and its causes.

Approach by Edward G. Stiles, DO, FAAO

Dr. Edward G. Stiles has put forth the idea that in the normal 
physiological relationship between the ilia and the sacrum each of 
these three axes performs a different function (personal communi-
cation). According to his research the superior pole corresponds to 
the axis of rotation for craniosacral motion and the cranial rhyth-
mic impulse. Dr. Stiles proposes that the middle poles have to do 
with sacral fl exion and extension (e.g., lumbosacral fl exion and 
extension). The middle pole is therefore the natural axis for ili-
osacral interaction. The inferior poles are proposed to be the axes 
for diagonal rotation of the sacrum in relation to the innominates 
and the lumbar spine.

T A B L E  4 1 . 7

Chicago Model Sacral Dysfunctions

Diagnosis Characteristics

Anterior right Positive seated flexion test right
Deep and tender right sacral 
sulcus
Left ILA immobile to downward/
anterior compression

Anterior left Positive seated flexion test left
Deep and tender left sacral 
sulcus
Right ILA immobile to downward/
anterior compression

Posterior right Positive right or left seated 
flexion test
Deep left sacral sulcus
Posterior and inferior right ILA
TTC over lower pole of SI joint
Right ILA immobile to downward/
anterior compression

Posterior left Positive right or left seated 
flexion test
Deep right sacral sulcus
Posterior and inferior left ILA
TTC over lower pole of left SI 
joint
Left ILA immobile to downward/
anterior compression
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Contributions of Richard L. VanBuskirk, D.O., 
F.A.A.O.: The Still Technique Model

Another important concept that is the emerging nature of SI 
disturbances which remain after treatment of the lumbar spine 
 and pelvis is ligamentous and fascial and contrasted to a bony 
positional change of the sacrum and the ilium. A. T. Still com-
mented (Research and Practice) that after a technique is done, and 
the restriction comes back, the problem is the ligaments and fascia. 
(Still) The Still model demonstrates that after treatment of lumbar 
and innominate somatic dysfunctions, only two types of sacral dys-
functions seem to remain. Both of these sacral dysfunctions behave 
as if the sacrum was fi xated at two of four restriction points, one 
superior, and one inferior on each side. The two superior restric-
tive axis points are on the sacral base just medial to the PSISs of 
the ilia and inferior to L5. The two inferior restrictive axis points 
are in the area of the origins of the sacrotuberous ligaments on the 
lower part of the sacrum, the ILA. (7) A restriction in one of the 
two superior axis points is identifi ed during a seated fl exion test 
in which the sensing fi ngers are fi rmly placed on the sacral sulcus. 
If there is a restriction the sacral sulcus will ride superior during the 
patient’s fl exion at the waist. A restriction in one of the inferior axis 
points can be identifi ed by tightness of the tissues to any form of 
direct motion testing, tightness in the sacrotuberous ligament, and 
by inferior and/or posterior position of the ILA.

The seated fl exion test as done by Van Buskirk differs from the 
Mitchell model seated fl exion test. The tips of the sensing fi ngers 
are placed over the SI joint just medial to the PSIS at the level 
of the sacral base or sulcus. A positive test is indicated when the 
patient bends forward and the sensing fi nger travels superior in 
relation to the other side.

The second test is the position of the ILA, with the patient 
seated. This is checked at the sacrotuberous ligament. This is said 
to be positive if one ILA is posterior and doesn’t move anteri-
orly, if the sacrotuberous ligament is tight on that side, or if the 
ILA is more inferior on that side. The positive side is that of 
restriction.

A positive seated fl exion test on one side and a positive ILA test 
on the other side are diagnostic of a diagonal sacrum. Van Buskirk 
describes that whenever a diagonal SI dysfunction is found, there 
will be a corresponding single segment lumbar neutral dysfunction. 
This neutral lumbar dysfunction commonly will be found at L5.

If the positive seated fl exion test and the positive lateral angle 
test are on the same side, the diagnosis is a unilateral sacrum 
(Table 41.8. The sacral diagnosis will be named for the pattern of 
free axis points (i.e., whether they are diagonal to each other or on 
the same side) and the free direction of rotation of the sacral base. 
These dysfunctions are effectively treated with a Still technique.

Despite the differences of the various models of SI dysfunction, 
from a clinical perspective, there is a generalized agreement among 
practicing physicians that the pubes, pelvis, and lumbar spine must 
be effectively treated before treating the SIJ.

Ilia

Innominate function and dysfunction involve shifts in iliosacral 
motion among the three described axes. Van Buskirk fi nds that 
most of the motion is across the superior and inferior axes with 
little or no motion in the middle axis (7). The Still Model uses the 
following fi ve tests to evaluate the ilia:

■ PSIS position
■ ASIS
■ Pelvic translation or ASIS compression test

■ ASIS tenderpoint
■ Standing fl exion test

There is no single test or even pair of tests that predict the nature of 
the iliosacral somatic dysfunction. Van Buskirk fi nds that innomi-
nate somatic dysfunctions act as if the normal axis of motion at 
the middle pole of the SIJ has been transferred to the other axes. 
The anterior innominate dysfunction, characterized by PSIS supe-
rior and ASIS inferior on the affected side, acts as if there were a 
restriction at the inferior pole of the SIJ. That is, attempts to move 
the innominates seem to isolate to the inferior SI pole rather than 
the normal middle pole. The posterior innominate dysfunction, 
characterized by PSIS inferior and ASIS superior on the affected 
side, acts as if there were a restriction at the superior pole of 
the SIJ.

The Still model also recognizes up slipped and down slipped 
innominates. Down slipped innominates are rare in clinical prac-
tice, and are usually created by a traumatic pull to the leg. Listed 
below, Van Buskirk relates how up slipped innominates can occur:

■ Asymmetrical weight bearing on one leg for a prolonged time
■ Upward shear on the side of the shoe lift
■ Longer leg may develop an upward pelvic shear.
■ Trendelenberg gait (see gluteus medius below) or a limb can 

cause an up slipped innominate.

No single treatment using the Still Technique has been found 
which resolves the up slipped innominate completely. According 
to Van Buskirk, the only complete success requires treating each of 
the three restriction poles. When treatments focused on each of the 
three poles are performed during the same session, the dysfunction 
seems fully released, and does not reoccur as readily.

Pubes

Regarding the pubes, Van Buskirk feels that pubic ramus evalua-
tion is a poor test for iliosacral dysfunction. With the Still tech-
nique model, treatment of innominate dysfunctions often reduces 
pubic ramus dysfunctions. For that reason, Van Buskirk typically 
evaluates and treats the innominate dysfunctions fi rst. Clinically, 
Van Buskirk will evaluate and treat the external abdominal oblique 
and the ilioinguinal ligament when there is a pubic dysfunction. 
When diagnosing these muscles and the pubes, evaluation includes 
palpating for tenderpoints on the ASIS and lateral pubes. If a ten-
derpoint is present at both sites the dysfunction will involve the 
external abdominal oblique. If the tenderpoint includes only the 
insertion on the lateral pubes, the ilioinguinal ligament is involved. 

T A B L E  4 1 . 8

Still Model Sacral Dysfunctions

Diagnosis Characteristics

Diagonal right Positive right seated flexion test
Positive left ILA test

Diagonal left Positive left seated flexion test
Positive right ILA test

Unilateral right Positive right seated flexion test
Positive right ILA test

Unilateral left Positive left seated flexion test
Positive left ILA test
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The pubic dysfunction is treated before the external abdominal 
oblique and/or the ilioinguinal ligament.

Psoas

With psoas dysfunction, leg extension will be markedly restricted 
and the foot will tend to be everted. Leg extension is evaluated with 
the ilium stabilized. Another fi nding related to psoas dysfunction 
is a referred tenderpoint found on the anterior-lateral aspect of the 
thigh, just inferior and about 1 cm medial to the inferior ASIS (7). 
Van Buskirk fi nds this tenderpoint routinely when there is a psoas 
restriction.

Clinical Application of the Models

SI dysfunction is described in this chapter using the most consis-
tent criteria of all three systems. No matter which model is used, 
to integrate the following information into the clinical arena, the 
physician must consider three questions:

1. Is the sacrum in trouble?
2. Why is the sacrum restricted?
3. What are we going to do for the patient?

Somatic Dysfunction of the Sacrum

Sacral Torsions
The Mitchell system, based on the cycle of walking (as previ-
ously detailed), describes sacral motion relative to L5. The sacrum 
can move forward or backward about left and right oblique axes 
depending on the individual’s center of gravity and gait, can fl ex or 
extend around a transverse axis, or can shift in the L- (C-) shaped 
articulation, causing a shear. Mitchell’s dysfunctions include sacral 
torsions Sacral torsions refer to motion at the lumbosacral junction 
where the sacrum and L5 are rotating in opposite directions. Rota-
tion of the sacrum is movement about an oblique axis or diagonal 
axis. Sacral torsion does not describe a relationship between the 
sacrum and the ilium.

Forward Torsions
Forward torsions occur when the lumbar spine is in neutral. In this 
example, side bending of the lumbar spine to the left (during the 
motion cycle of walking) engages the left oblique axis. The lumbar 
spine, in neutral, rotates right with left side bending. Since the left 
oblique axis is engaged, the sacrum rotates left about the left oblique 
axis, producing a deep sacral sulcus on the right. Torsion implies 
that the sacrum has rotated left, while the lumbar spine has rotated 
right. (Note that, with neutral lumbar mechanics, left side bending 
produces rotation right.) The term forward torsion is derived from 
the observation that, in the erect posture, the sacrum is in a fl exed 
forward position (45 to 55 degrees from the vertical, or 35 to 45 
degrees from the horizontal). The Ferguson lumbosacral angle is 
measured from the horizontal. There are two forward torsions: left 
rotation on a left oblique axis (left on left), and right rotation about 
the right oblique axis (right on right). Positional fi ndings with each 
of the two forward torsions include those shown in Table 41.9.

In the normal motion cycle of walking, the sacrum rotates from 
side to side. Dysfunction in the form of a forward torsion occurs 
when the sacral base rotates forward, becomes restricted, and does 
not rotate back as far as it should. The forward sacral torsion and 
anterior sacrum have several fi ndings in common. Subjective com-
plaints include SI, inguinal, or groin discomfort and low back pain. 
Objective fi ndings include freedom of rotation anteriorly about 

an oblique axis, with sacral side bending and rotation in opposite 
directions. There is an increased lordotic curve. Spinal asymme-
try and postural imbalance are noted: The sacrum has rotated in a 
direction opposite to the supported lumbars. There is an ipsilateral 
positive seated fl exion test, deep sacral sulcus with tissue texture 
abnormality, possible psoas tension, and short leg. Neutral mechanics 

T A B L E  4 1 . 9

Mitchell Model SI Somatic Dysfunction

Diagnosis Characteristics

Unilateral flexion 
right

Positive right seated flexion test
Deep right sacral sulcus
Inferior/posterior right ILA

Unilateral flexion 
left

Positive left seated flexion test
Deep left sacral sulcus
Inferior/posterior left ILA

Unilateral 
extension right

Positive right seated flexion test
Shallow right sacral sulcus
Superior/anterior right ILA

Unilateral 
extension left

Positive left seated flexion test
Shallow left sacral sulcus
Superior/anterior left ILA

Left on left 
torsion

Positive right seated flexion test
Deep right sacral sulcus
Posterior left ILA
L5 rotated right, sidebent left
Left base restriction

Right on right 
torsion

Positive left seated flexion test
Deep left sacral sulcus
Posterior right ILA
L5 rotated left, sidebent right
Right base restriction

Right on left 
torsion

Positive right seated flexion test
Shallow right sacral sulcus
TTC right sulcus
Posterior/inferior right ILA
L5 rotated left, sidebent left, 
nonneutral
Left base restriction

Left on right 
torsion

Positive left seated flexion test
Shallow left sacral sulcus
Posterior/inferior left ILA
L5 rotated right, sidebent right, 
nonneutral
Right base restriction

Bilateral flexion Bilateral positive seated flexion 
test
Bilaterally deep sacral sulcus
Bilaterally posterior/ILA
Middle pole restriction

Bilateral extension Bilateral positive seated 
flexion test
Bilaterally shallow sacral sulcus
Bilaterally anterior ILA
Inferior pole restriction
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apply to L5, with side bending and rotation to the opposite side. 
However, rotation of L5 is also in a direction opposite to that of 
the sacrum.

Backward Torsions
Backward torsions (nonneutral) occur when the lumbar spine is in 
nonneutral (fl exion or, where the curve exceeds normal lordosis, 
extension) and the sacral base rotates posteriorly about the opposite 
oblique axis. While they do not occur within the cycle of walking, 
they are associated with physiologic motion when a person forward 
bends and then side bends. Consider a patient in the standing posi-
tion who bends forward. The sacrum actually extends or backward 
bends at this time. The lumbar spine is fl exed to a point where any 
multiple plane motion results in nonneutral multiple plane motion. 
The patient reaches sideways to pick up an object. The lumbar 
spine side bends to the right from the nonneutral sagittal plane 
position. The right oblique axis is engaged as a result of the right 
side bending. L5 rotates right according to nonneutral lumbar 
mechanics. The sacral base moves posteriorly at the left base as the 
sacrum rotates to the left according to sacral nonneutral mechanics. 
This example is called left on right (left rotation about the right 
oblique axis). There are two types of backward sacral torsions: right 
rotation on a left oblique axis (right on left), and left rotation on a 
right oblique axis (left on right). Positional fi ndings with each of 
the two backward torsions include those shown in Table 41.9.

A backward torsion is not the same as a posterior sacrum. 
A posterior sacrum is a type of forward torsion in which the infe-
rior portion of the sacrum is posterior. In a backward torsion, the 
posterior portion is at the sacral base (the shallow sulcus).

Subjective complaints include low back pain or SI discomfort 
that gets worse when bending forward or walking. Objective fi nd-
ings include those listed above, plus a decreased lordotic curve. 
Palpatory fi ndings include tissue texture abnormality and a shal-
low sacral sulcus on the side of the dysfunction, with tissue tex-
ture abnormality at L5. Nonneutral mechanics apply to L5, with 
rotation and side bending occurring to the same side and opposite 
the side of the sacrum’s rotation. According to Kappler, his expe-
rience treating backward torsions involves the following fi ndings 
(R.E. Kappler, personal communication):

■ Signifi cant tissue texture abnormality and tenderness is located 
over the shallow sulcus.

■ Sacrum resists applied fl exion, and it is painful.
■ There is usually a mid-lumbar fl exed type II dysfunction on side 

opposite the shallow sulcus.
■ Psoas tension is usually not a factor.
■ Treatment of backward torsions:
 ■ Treat the innominates
 ■ Treat the mid-lumbar fl exed dysfunction

Bilateral Sacral Flexion
If the sacrum is fl exed forward, with the sacral base anterior, the 
lumbar lordosis appears to be increased, the seated fl exion test 
is negative, the sacral sulci are bilaterally deep, and the ILA’s are 
posterior. It is postulated that this motion occurs about a middle 
transverse axis of the sacrum. This is called a bilateral sacral fl ex-
ion. When the lumbosacral spring test is performed, there is good 
spring (a negative test) because the sacral base, already anterior, 
moves forward easily. If the backward bending test is done, the 
sacral sulci is still deep (if not deeper), and the ILAs are still pos-
terior (or more posterior) because the base of the sacrum normally 
moves forward and the apex moves posteriorly during backward 
bending of the lumbar region.

This is an extremely common dysfunction in the postpartum 
female because of birth mechanics. Subjectively, the patient com-
plains of low back pain that becomes worse when bending back-
ward. Objective fi ndings include:

■ Increased lumbar curve
■ Deep bilateral sacral sulci with tissue texture changes
■ Bilateral ILAs posterior
■ Negative lumbar spring test
■ No change with the hyperextension test

Motion characteristics include resistance to posterior rotation of 
the base of the sacrum if pressure is placed on the apex.

Bilateral Sacral Extension
In some cases, the patient does not have a positive seated fl exion 
test, yet complains of low back pain, and the sacrum seems to be at 
the center of the problem. At that time, the sacral sulci should be 
examined, the ILA’s checked, the spring test and backward bend-
ing test performed, and a careful analysis made of the relation-
ship of the sacrum to the lumbar spine. The lordotic curve may be 
increased or decreased. With postural fl exion at the lumbar spine 
(forward bending), the sacrum extends (the base moves posterior), 
and there is a decrease in the lumbar lordotic curve. If the lordotic 
curve seems to be decreased, it may be that there is a posterior sacral 
base. In a bilateral extension, the sacrum is held in a backward bent 
position and does not easily bend forward. The lumbosacral spring 
test is therefore positive, which means there is either poor spring or 
no spring. Sacral sulci and ILAs should appear symmetric in either 
prone or backward bending positions, and, if there is any difference 
on the backward bending test, the sulci look more shallow, and the 
ILAs more anterior.

Subjectively, the patient complains of low back pain or fatigue 
that becomes worse with forward bending. Objective fi ndings 
include:

■ Decreased lumbar curve
■ ILAs equal and perhaps anterior
■ Positive lumbar spring test
■ ILAs stay equal during hyperextension test (superior/inferior)
■ Sacral sulci are bilaterally shallow, with tissue texture changes
■ Sacrum resists posteroanterior pressure at base, but yields to 

posteroanterior pressure on apex

Sacral Shears
The sacrum can appear as if it has slipped anteriorly or posteriorly 
around a transverse axis that allows it to shift within the L- (C-) 
shaped SIJ. If it slips forward, it produces a fi nding called a sacral 
shear or unilateral sacral fl exions and extensions. ECOP has con-
cluded that “shears” and unilateral sacral fl exions and extensions are 
the same thing.

Unilateral Sacral Flexion

If there is a positive seated fl exion test, with the base of the sacrum 
anterior on the dysfunctional side (sacral sulcus deep on that side) 
and the ipsilateral ILA is posterior, the patient has a unilateral 
sacral fl exion. The ipsilateral medial malleolus is more inferior, and 
the transverse process of L5 is more posterior on the dysfunctional 
side. Both sides of the sacral base move anteriorly with exhalation 
but do not move easily in a posterior direction with inhalation. 
The spring test should be negative, since the base of the sacrum 
moves anteriorly easily when it is fl exed. The backward bending 
test should show improvement because, while the one side is fl exed 
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forward, making the sacral sulcus deep, when the patient bends 
backward the other side of the sacral base should be pulled forward, 
increasing symmetry.

Unilateral Sacral Extension

If there is a positive seated fl exion test, with the base of the sacrum 
posterior on the dysfunctional side (sacral sulcus shallow), and the 
ipsilateral ILA is anterior, the patient has a unilateral sacral exten-
sion. To confi rm this, test the patient with the spring test and the 
backward bending test. The spring test should be positive, since 
the base of the sacrum does not move anteriorly easily when the 
sacrum is held in an extension position. On the backward bending 
test, the sulci and ILAs should look even less symmetric because, 
while the one side is held backward, making the sacral sulcus shal-
low, when the patient bends backward; the other side of the sacral 
base should be pulled forward, making the results look worse.

Anterior Sacrum

An anterior sacrum is a positional term describing a somatic dys-
function in which the sacral base has rotated forward and side bent 
to the side opposite the rotation. The upper limb of the SIJ has 
restricted motion, and the dysfunction is named for the side on 
which forward rotation occurs. An anterior sacrum is probably one 
type of Mitchell’s forward torsion. For example, anterior sacrum 
left describes a condition in which the sacrum is rotated right 
and side bent to the left, the directions of ease of motion. (This 
could also be considered right rotation about a right oblique axis.) 
There is restriction of left rotation and right side bending. The 
sacral sulcus is deep on the left, with tenderness and tissue texture 
abnormality in the left sulcus. When downward pressure is applied 
over the right ILA, attempting to rotate the sacrum about the right 
oblique axis, the left superior portion of the sacrum resists moving 
posteriorly, toward the ilium.

The anterior sacrum is clearly an “oblique axis dysfunction”. 
Therefore, it is one form of a forward torsion with motion restric-
tion, tissue texture abnormality, and tenderness associated with the 
deep sulcus side. An anterior sacrum (e.g., anterior sacrum left) has 
the following characteristics:

■ Deep sulcus left, (right ILA posterior)
■ Tissue texture abnormality and tenderness in the deep sulcus
■ Right rotated, left sidebent
■ Positive seated fl exion test left
■ Left sacral base will not move posteriorly when pressure is 

applied to right ILA.
 ■ (This motion test would involve the right oblique axis.)
■ The conceptual model is that anterior sacrum’s are an upper pole 

dysfunction (upper part of the “L” shaped articulation.).
■ Because the sacrum is sidebend left, the left SI is the “com-

pressed side”. In the standing position, the left sacral base will 
be lower (inferior).

■ Gluteus medius hypertonicity and tenderness were commonly 
found on the side of the anterior sacrum.

Posterior Sacrum

A posterior sacrum is diagnosed when the sacrum has rotated 
backward and is side bent to the side opposite of rotation. It is 
named for the side of the backward or posterior rotation. This 
rotation side bending to the opposite side could be considered 
rotation about an oblique axis. The posterior sacrum is on the side 
opposite the deep sulcus at the inferior pole of the joint. The patient 

experiences discomfort at the inferior arm of the SIJ and possibly 
sciatic pain. There is a pelvic side shift to the side of dysfunction, 
spinal asymmetry, and postural imbalance. The seated fl exion test 
may be positive on either side of a posterior sacrum dysfunction. 
There is ipsilateral piriformis tension, and the ipsilateral ILA is 
posterior and inferior. There may be contralateral psoas tension, and 
there is generally a contralateral short leg. For example, a posterior 
sacrum right has rotated right and side-bent left, the directions of 
ease of motion; rotation left and side-bending right are restricted. 
A posterior sacrum involves restriction of motion at the lower limb 
of the SI articulation. Tissue texture abnormality and tenderness 
are located over the inferior portion of the dysfunctional SIJ; in 
this example, the tenderness is on the right. The rotation, in this 
case, is in relation to the right oblique axis. A posterior sacrum is 
probably a form of forward torsion in which the major joint motion 
restriction is on the side opposite the deep sulcus. A motion test 
for lower pole (lower limb of the L) restriction (e.g., posterior 
sacrum right) is to contact the inferior borders of the sacrum with 
both thumbs and apply a cephalad/anterior force, attempting to 
glide the sacrum in the direction of the lower limb of the joint. 
Restriction is felt on the posterior sacral side. Although there are 
similarities between the posterior sacrum and the forward torsion, 
there is no true Mitchell equivalent to Strachan’s posterior sacrum. 
A posterior sacrum should not be confused with a backward tor-
sion, a posterior sacral base, or an extension of the sacrum.

The posterior sacrum is an oblique axis dysfunction. There-
fore, it is a form of forward torsion with tissue texture abnormality, 
tenderness, and motion restriction on the side of the lower pole. 
A posterior sacrum (e.g., posterior sacrum right) has the following 
characteristics:

■ Right ILA posterior (deep sulcus left)
■ Tissue texture abnormality and tenderness at the right inferior 

pole (lowest part of the SI joint)
■ Right rotated, left sidebent.
■ Positive seated fl exion test on right (usually)
■ Confi rmatory motion test, patient prone. Pressure on the infe-

rior surface of the sacrum applied in a superior-anterior direc-
tion, trying to glide the sacrum superiorly along the lower limb 
of the “C”-shaped articulation, is met with resistance. The ILA 
is inferior, and resists moving superiorly. The conceptual model 
is that of a lower pole SI restriction.

■ From a sidebending perspective, the posterior sacrum is on the 
“stretch side” of the SI problem

■ A posterior sacrum is not included in the Mitchell model.
■ Piriformis muscle hypertonicity and tenderness is commonly 

found on the side of the posterior sacrum.

Unilateral Sacrum

A positive seated fl exion test on one side and a positive ILA test on 
the other side are diagnostic of a diagonal sacrum.

Diagonal Sacrum

If the positive seated fl exion test and the positive lateral angle test 
are on the same side, the diagnosis is a unilateral sacrum. To review 
sacral diagnoses, refer to Table 41.8.

Integrated Diagnosis of the Lumbar Spine, 
Sacrum, Pelvis

Understanding all the above-mentioned portions of the physical 
examination, and the characteristics of the specifi c dysfunctions, 
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the clinician now needs to evaluate the sacrum and lumbar spine. 
Start with interpreting the standing fl exion test, pelvic sideshift 
and the seated fl exion test. Before diagnosing the sacrum, diagnose 
the lumbar spine in the prone position. To review the specifi cs of 
this see the chapter on lumbar spine. It is a good time to evaluate 
for segmental dysfunction and Jones tenderpoints. In addition to 
generalized changes in the pelvic girdle tissues, the physician may 
detect small myofascial tender points. Such areas may be character-
ized by a small, palpable, circumscribed thickening of tissue that 
is tender with moderate to deep palpation. These tender points 
may be associated with autonomic dysfunction or refer pain to a 
neurologic distribution. Muscles containing tender points reveal 
pain with active or passive range of motion. There may be areas of 
patchy weakness in the range of motion of muscles containing pain-
ful tender points. Joints controlled by muscles with tender points 
may have a diminished range of motion. The pelvic girdle contains 
many of these myofascial tender points because myofascial struc-
tures are constantly working to maintain postural balance. Numer-
ous authors (18–20) have indicated continuous postural strain as 
the cause of precipitating and/or perpetuating myofascial tender 
points. Tenderpoints also correspond to segmental dysfunction.

Segmental dysfunction in the upper lumbars (L1-2) that is 
fl exed is typically involved with a tight psoas muscle (23). A tight 
psoas muscle is characterized by a decrease in hip extension on 
physical examination. A tight psoas will cause pelvic sideshift and 
apply a compressive load across the SIJ, contributing to the dys-
function (23). Another relationship commonly found by Kappler 
(R.E. Kappler, personal communication) is a fl exed lumbar segment 
at L2 or L3 is seen in conjunction with a backward torsion. The 
segment will be rotated in the opposite direction of the torsion. 
Treatment of this segment, many times will improve the backward 
torsion. When there is a forward sacral torsion, there is usually a 
group curve convex opposite to the side of sacral rotation. For uni-
lateral sacral fl exions, L4 or L5 may be extended rotated and side-
bent to the same side. For unilateral sacral extensions, L5 may be 
fl exed or signifi cantly restricted. Sometimes in these dysfunctions, 
there is unilateral muscle hypertonicity over and along the whole 
SIJ. In this situation, there is usually signifi cant ipsilateral thora-
columbar tension/fi ndings as well as fi ndings in the upper thoracic 
spine and cranium. Many times in patients with signifi cant SI 
restrictions, there are alternating single segment lumbar dysfunc-
tions (e.g., L1 left, L2 right, L3 right, L5 left). In the patient with 
signifi cant SI dysfunction that has little or no fi ndings in the lum-
bar spine, carefully check L5. It is not uncommon for disc hernia-
tions to have minimal lumbar somatic dysfunction, yet maximal leg 
symptomology. Another evaluation method is to apply the lum-
bosacral spring test to the L5 spinous process. Decreased spring 
indicates a backward torsion. If sharp or severe pain occurs with 
the spring test, they may have a disc protrusion or a spondylolis-
thesis. In either situation, they will commonly have bilateral muscle 
tension from T10-L1 as well as an anterior L5 Jones tenderpoint. 
With signifi cant pain the sympathetics become involved and travel 
up to the low thoracic cord, cause facilitation and this produces 
palpable muscular tension. Patients with L5 discs, spondylolisthe-
sis, backward torsions, or any signifi cantly painful L5 condition, 
will have the anterior Jones tenderpoint nearly 100% of the time. If 
no pain occurs with springing L5, look more closely at the ilia and 
pubes, as well as the cranium. Palpable strains in the cranial mecha-
nism correlate to sacral motion restrictions due to the continuity 
of the dural membrane. Skilled osteopathic physicians are able to 
palpate inherent motion of the human body. Physicians trained in 
craniosacral diagnosis can palpate this motion in the sacrum as the 
craniosacral mechanism moves the sacrum between the two ilia.

Following assessment of the lumbar spine, check for restriction 
of hip extension, indicating a tight psoas muscle. From here, evalu-
ate the sacrum for position and motion. Check the sacral sulci for 
depth, tenderness and tissue texture change TTC. A deep sulcus 
may indicate an anterior sacrum or forward torsion. A shallow sul-
cus with diffuse TTC and signifi cant tenderness usually correlates 
with a backward torsion. A positive backward bending test con-
fi rms this. Then motion test the sacrum on each theoretical oblique 
axis. Look for the restriction of motion, but name it for the free-
dom of motion. Palpate for TTC over the upper and lower poles of 
the SIJs, as well as for tenderness/tension of the piriformis muscle. 
From here, the clinician will attempt to glide the lower aspect of 
the sacrum cephalad along the joint by applying a fi rm pressure 
alternating between the thumbs. Resistance to motion is seen with 
a posterior sacrum dysfunction, or any dysfunction in which the 
lower pole of the sacrum is involved. If a posterior sacrum is pres-
ent, check the piriformis for tenderness, and the pelvic fl oor on 
that side. Checking for tension in the ischiorectal region is impor-
tant, especially in patients with pelvic pain, and postoperative 
cases. When the patient coughs muscular tension, or pressure, is 
bilaterally palpated. If no movement occurs, the SI dysfunction is 
affecting the movement of the pelvic fl oor musculature. If there 
are fi ndings associated with a backward torsion such as a shallow 
sulcus with diffuse TTC and signifi cant tenderness, confi rmation 
can be done with the backward bending and spring tests.

Have the patient lie supine and perform an abdominal exami-
nation. For evaluation of the pelvic girdle, a complete examination 
of the abdomen is required. Following inspection, auscultation, and 
palpation, the physician can percuss the liver, spleen, and stomach, 
and palpate for any pelvic masses. A rectal examination, a pelvic 
examination in the female, and a prostate examination in the male 
should be a part of a complete examination of the pelvic/sacral 
region.

At this point, evaluate the ilia in the supine position. Start 
with the position of the ASISs by evaluating their position at the 
inferior portion of each ASIS. Perform the ilium compression test, 
pushing downward, cephalad, and lateral to the ASIS. An assess-
ment of rotational restriction of the pelvis can be performed as well. 
At this point, palpate for tension of the musculature of the ingui-
nal region. The more localized areas of tension usually have more 
tenderpoints. Assess for Jones anterior tenderpoints, and correlate 
them to what was found segmentally in the lumbar spine. Assess 
the pubic ramus for asymmetry and motion. Evaluate to see if one 
pubic ramus is superior or inferior, as well as anterior or posterior 
(rare). A direct motion test on the pubes can be performed if nec-
essary. If the pubes is anterior the pelvis will rotate away from the 
dysfunctional side. Screen the hip joints for restrictions in internal 
rotation, fl exion, and abduction/external rotation. Special ortho-
pedic tests of the hips SIJs, and ilia can be performed at this time. 
See Table 41.10 for these tests. Check the attitude of the feet, the 
levelness of the medial malleoli, and fascial drag in each extremity 
by a brief light internal rotation motion.

Evaluation of the sacrum and or pelvis can be done in the seated 
position for those patients who cannot lie down. The seated fl exion 
test should be done before treatment and at the end of treatment. 
Although a positive seated fl exion test is not a very sensitive or 
specifi c test, its greatest utility is that it returns to negative after 
manipulative treatment is completed. Kappler, D.O., F.A.A.O. 
(R.E. Kappler, personal communication) has devised a translation 
test performed in the seated position that assess motion at the sacral 
sulci by translating the lumbar spine back and forth. The authors 
fi nd this a very useful test in older, obese, and pregnant patients. 
In the seated position, the motion of the abdominal diaphragm 
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the fl exed upper lumbar dysfunction. Management of SI problems 
always involves checking the psoas. Clinicians who fail to remove 
the psoas component and pelvic sideshift will fi nd that the SI dys-
function will recur very quickly (23).

Cause No. 2: Lumbar Somatic Dysfunction

Lumbar somatic dysfunction, particularly type II fl exed dysfunc-
tions, may contribute to SI dysfunction. Effective treatment of the 
lumbar somatic dysfunction will often release the SI restriction. 
Lumbar group curves can be due to sacral base declination, or they 
can be there prior to the SI dysfunction, such as in idiopathic sco-
liosis. In either situation, improving the group’s function as a whole 
can help with dysfunction of the SIJs or pelvis.

Cause No. 3: Short Leg Syndrome/Postural Imbalance

The fi rst symptoms of short leg syndrome are usually SI discomfort 
or pain. Symptoms are worse with excessive walking or running. 
Examination of the sacrum usually reveals a deep sacral sulcus on 
the short leg side with signifi cant tissue texture abnormality and 
tenderness. Short leg and postural imbalance are a cause of SI dys-
function. The typical pattern for an anatomic short leg is a chronic, 
recurrent anterior sacrum (or forward torsion) on the short leg side, 
pelvic side shift to the long leg side, and lumbar curve convex on 
the short leg side (31). A chronic anterior sacrum on the side of 
the short leg is a classic fi nding of short leg syndrome. The status 
of the sacrum, the depth of the sacral sulci, and pelvic sideshift can 
be used clinically to evaluate progress of lift therapy. Psoas ten-
sion may exist in a patient with a symptomatic anatomic short leg. 
Depending on which psoas tightens, psoas tension can help com-
pensate for a short leg, or it can exacerbate a short leg problem. 
Given an anatomic short leg left with a chronic left anterior sacrum 
and pelvic side shift right, tightness of the right psoas will correct 
the pelvic side shift tendency and improve the patient’s condition. 
However, tightness of the left psoas will exaggerate the side shift 
right and make the problem worse.

Cause No. 4: Pelvic Side Shift

Pelvic sideshift is usually assessed with the patient standing. It can 
be assessed with the patient lying prone as well, although gravity is 
not a factor. When the patient is standing observation may show 
that the pelvis is shifted from midline. When a slight lateral force 
is applied to the pelvis in either direction, the pelvis will sideshift 
away from the tight psoas or if a group curve is already present, 
away from the convexity of a lumbar group curve. For example, 
with pelvic side-shift right, the compensatory change is for body 
mass to be moved to the opposite side producing a lumbar curve 
convex left. In this example, the sacrum has to side bend left to 
accommodate the lumbar curve. When the sacrum side bends left, 
it rotates right, producing SI dysfunction. This is one mechanism 
of SI dysfunction associated with the tight psoas, a lumbar group 
curve, or a short leg problem.

Cause No. 5: Simple Traumatic Sacral 
Somatic Dysfunction

It is not uncommon to see patients following simple traumatic 
somatic dysfunction. Two common mechanisms are patients who 
slip and fall on their buttocks, or are involved in a motor vehicle 
accident where the force of the impact travels through their brake 
leg into their pelvis. The trauma causes the SIJ to become wedged 

T A B L E  4 1 . 1 0

Commonly Used Osteopathic SI Tests

Osteopathic SI Tests Characteristics

Standing flexion 
test

PSIS moves cephalad
Indicates SIJ dysfunction

Seated Flexion 
test

PSIS moves cephalad
Indicates SIJ dysfunction

Pelvic sideshift Pelvis shifts off to one side
Indicates contralateral psoas 
or lumbar dysfunction

Hip drop One leg standing produces 
lumbar curve
Indicates lumbar dysfunction

Backward bending 
test

Prone, prop-up alters sulcus 
depth
Asymmetry of sulcus depth 
increases

Spring test Prone, anterior springing of L5
Poor spring = positive test

Iliac compression 
test

Supine, posterior/lateral 
compression
Poor motion = positive test

Posterior sacrum 
confirmatory test

Prone, superior glide of sacral 
lower pole
Restricted superior glide = 
positive test

Kappler Seated 
Translation Test

Seated, palpate sacral sulci for 
motion as the lumbar spine 
is translated toward the sulci. 
Restricted motion = positive 
test 

(as well as its excursion) can be evaluated, which many clinicians 
assess when evaluating the pelvic region.

TOP 10 CAUSES OF SACROILIAC 
DYSFUNCTION

Cause No. 1: Psoas

Treatment of psoas dysfunction is the fi rst step in treating SI dys-
function (R.E. Kappler, personal communication (23). Psoas muscle 
tension compresses the lumbosacral area and the SIJs. Psoas ten-
sion will also cause pelvic sideshift, another cause of SIJ dysfunc-
tion. The sacrum cannot function properly with excessive psoas 
tension. There are two components to a tight psoas: (a) tight psoas 
and (b) a fl exed Type II dysfunction at L1 or L2, with rotation 
to the side of the tight psoas (23). To check psoas tension, in the 
prone patient, grasp the thigh just above the knee, and extend the 
hip. Compare both sides. This method of testing provides excellent 
“end feel”. If the psoas is tight, examination of the upper lumbar 
spine is essential. Treatment of the upper lumbar dysfunction by 
itself will many times resolve the psoas tension and improve hip 
extension. Some clinicians utilize the Thomas test for psoas assess-
ment. This test is mostly a test of inspection, and does not provide 
the clinician with proper end feel. Additionally, it fails to evaluate 
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or “stuck” in an abnormal position. Depending on the severity and 
duration of their injuries, these patients usually “limp into the offi ce 
and leap out,” and are forever grateful for the one-treatment cure.

Cause No. 6: Pubic and Pelvic Floor Dysfunction

It is very important to assess and treat the pubic symphysis in sacral 
and pelvic dysfunction. When treated, improved pubic motion will 
allow each ilium to move as it is supposed to during gait and daily 
activities. Pubic dysfunction is also related to pelvic fl oor tension/
dysfunction. With pubic dysfunction, fascial tension on the uro-
genital diaphragm can affect genitourinary function. Pelvic fl oor 
dysfunction is thought to cause congestion to the pelvic viscera, 
such as the prostate or uterus.

Cause No. 7: Refl ex Causes

Refl ex causes such as viscerosomatic refl exes from pelvis or unilat-
eral sympathetic nervous system dysfunction are causes of SI pain. 
Viscerosomatic refl exes are associated with tissue texture abnor-
mality along the SIJ, which is puffy and warm. This is similar to 
acute tissue texture abnormality found in the thoracic area from 
abdominal or thoracic visceral problems.

Cause No. 8: Cranial Dysfunction

Sacral motion restriction and somatic dysfunction can be related 
to strains or compression of the SBS. An evaluation of the sacrum 
should include an evaluation of the cranial mechanism. An evalua-
tion of tension in the anterior abdominal wall, and the respiratory 
diaphragm is important to assess with the cranial mechanism. Poor 
abdominal diaphragm motion, compression of the SBS, and SIJ 
restriction are commonly found co-existing in the same patient. In 
this clinical situation, the clinician must treat each of these regions 
to affect change of the whole mechanism.

Cause No. 9: Lumbosacral Instability

SI pain may be caused by orthopedic problems of the L5-S1 seg-
ment (spondylolysis, spondylolisthesis); congenital anomalies can 
predispose the patient to SI dysfunction. In these cases, mobili-
zation of the SIJ does not relieve the pain. Many times with the 
above-mentioned conditions, there is lumbosacral instability. 
However, lumbosacral instability may also occur with poor force 
and form closure of the joint (26,28). In cases of lumbar L5-S1, 
the iliolumbar ligament insertion on the ilium may become very 
tender. Other causes of iliolumbar ligament tenderness include 
ipsilateral lumbothoracic irritability, anterior rotation of L5, and 
pelvic side shift to that side. In orthopedic disease of L5, such as 
a spondylolisthesis, bilateral tenderness of these ligaments is com-
monly found. This may be the fi rst ligament to be strained with 
postural decompensation. L5 is a frequent site of disc disease and 
may be unstable, as well as painful. In an unstable L5 situation, 
manipulative treatment needs to address the adjacent segments 
that are restricted. Avoid excessive HVLA to L5, especially if it is 
thought to be an unstable segment.

Cause No. 10: Disc Protrusions

Lumbar disc protrusions at L4 or L5, in the early stages, radiate pain 
into the buttock region that is interpreted as SI pain. Often the sacrum 
is restricted from secondary muscle hypertonicity. In these cases, treat-
ing the SI restriction is not associated with the relief of pain.

Treatment

Treatment of the sacrum and the pelvic region needs to be 
individualized, based on the location, duration, and severity of the 
somatic dysfunction present. Taken into consideration is the age 
of the patient, and concurrent medical or orthopedic conditions. 
The techniques chosen need to be matched to the type of somatic 
dysfunction present, and the skills of the physician. The techniques 
should be safe, effective, and well executed. Dysfunction of the 
sacrum, ilium, pubes and lumbar spine commonly co-exist and 
affect one another. Dysfunction distant from the sacrum and pelvis 
may be critical to resolving the sacral or pelvic dysfunction.

Sequencing Lumbar-Sacrum-Pelvis Treatment

The sequence of treatment is important; however, this is not the 
always the same from patient to patient. It is generally accepted 
(and taught) to treat the lumbar spine, psoas, ilium and pubes 
prior to treating the sacrum. There is some controversy as to which 
region listed above to start with. Starting with the greatest area of 
restriction is appropriate, as long as it was not acutely injured. Since 
the sacrum and SIJs respond to forces directed from above (gravity) 
and also from those coming from below (ground reactive force), 
leaving it to last in the treatment scheme seems logical.

The muscle energy model (24) bases SI dysfunction on the 
motion cycle of walking. Dysfunction of the pubes signifi cantly 
affects this motion cycle, thus sacral-pelvic motion. Because of this 
the muscle energy model stresses the importance of treating the 
pubes is fi rst. The muscle energy approach does not consider pelvic 
side shift. The muscle energy diagnostic approach also does not 
include tissue texture abnormality. The remainder of the muscle 
energy model is to treat the pelvis, then the lumbar spine, before 
the sacrum.

The Chicago Model as proposed by Kappler insists that the 
pelvis and lumbar spine must be treated fi rst (23). The psoas muscle 
is included with the lumbars. The psoas must be effectively treated 
fi rst. There are a number of different techniques which can be used 
for dysfunction of the psoas. Sometimes the thoracolumbar area 
must be treated, or included in the process.

The Still technique approach is very specifi c that the pelvis and 
lumbar area must be treated fi rst. If they are treated appropriately, 
then the Still model of oblique sacrum dysfunction (R, L) and uni-
lateral sacrum dysfunction (R, L) is all that remains. (The Still 
Technique model treats innominate up-slip as a unique entity.)

Specifi c technique procedures are beyond the scope of this 
chapter; however, listed below are goals to accomplish when treat-
ing the sacrum and pelvis.

Goals of treatment include:

■ Treat segmental upper lumbar dysfunctions
■ Improve hip extension (iliopsoas tension)
■ Improve asymmetry/alignment of the innominates
■ Treat any pubic dysfunction
■ Level the sacral base
■ Improve cranial motion
■ Improve abdominal and pelvic diaphragm motion
■ Resolve anterior or posterior lumbar tenderpoints
■ Obtain a negative seated fl exion test

OMT is not just the application of a technique. During treatment, 
the experienced physician will constantly reassess the “change” that 
is being made in the tissues and adjust the treatment accordingly. 
One of the more diffi cult things to master for students of oste-
opathy is being able to tell if they made “change” or not. Another 
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diffi culty is when to say: “enough treatment for today.” The amount 
of dosage given to an anatomic area must be monitored.

OMT is a critical element in returning a patient to health and 
wellness; however it is only one aspect to the overall care of the 
patient. It treating sacral and pelvic problems, corrective exercises 
for weak inhibited muscles and stretches for tight muscles can be 
benefi cial.

Assessing Muscle Function and Stability of 
the Pelvic Girdle

Addressing these muscular issues with appropriate stretches and 
exercises will contribute to the improvement of the patient. Assess-
ing the neuromuscular fi ring patterns that occur when the patient 
extends their hip is also useful. The common pattern for patients is 
the following sequence of muscle activation as the patient extends 
their hip from a prone position (24):

1. Hamstring
2. Gluteus maximus
3. Contralateral erector spinae
4. Ipsilateral erector spinae

The most common sequence seen in patients with sacral, pelvic, 
and lumbar somatic dysfunction is:

1. Hamstrings
2. Upper lumbar and low thoracic erectors
3. Inhibited gluteus maximus

Treatment of somatic dysfunction and addressing muscle weakness 
and tightness helps to normalize these patterns and resolve sacral 
and pelvic somatic dysfunction. According to Janda, specifi c mus-
cles become tight and others become weak and inhibited. Listed 
below are the “phasic” muscles of the pelvic girdle that commonly 
become weak or inhibited.
Weak phasic muscles of the trunk and pelvic girdle:

■ Gluteus maximus, medius, minimus
■ Transverse abdominis
■ Multifi dus
■ Vastus medialis, lateralis

Janda also described muscles that become tight. It is not only 
important to address the strength of the muscles, but also their 
length.
Tight “postural” muscles of the trunk and pelvic girdle:

■ Iliopsoas
■ Hamstrings
■ Lumbar erector spinae
■ Quadratus lumborum
■ Rectus femoris
■ Tensor fascia lata/iliotibial band
■ Thigh adductors
■ Piriformis

In addition to evaluating muscle groups that are inhibited or tight, 
co-contraction of groups of muscles acting together will affect the 
stability of the SIJs. Muscles of the pelvic fl oor act together with 
the transverse abdominus to stabilize the pelvis during lifting (25). 
Groups of muscles contribute to the force closure mechanism pro-
posed by Vleeming. An “inner muscle unit and an outer muscle 
unit” have been described as providing stabilizing forces for the 
pelvis. It is important that these groups work synchronously with 
suffi cient recruitment and balanced muscle function (25). They are 
comprised of the following groups of muscles:

Inner Muscle Units

■ Pelvic fl oor
■ Transverse abdominus
■ Multifi dus
■ Abdominal diaphragm

Outer Muscle Units

■ Posterior oblique system (Latissimus dorsi, gluteus maximus, 
thoracolumbar fascia)

■ Deep longitudinal system (Erector spinae, deep laminae of tho-
racolumbar fascia, sacrotuberous ligament, biceps femoris)

■ Anterior oblique system (External and internal oblique, contral-
ateral thigh adductors, anterior abdominal fascia)

■ Lateral system (gluteus medius and minimus, contralateral 
adductors)

There are many other ways to help treat your patient besides 
OMT and exercises. These can include foot orthotics, heel lift 
therapy, acupuncture, injections, massage, physical therapy, etc. 
Find the best combination for your patient. Consider cost, time 
required, access to care, and availability.

SUMMARY

OMT is a critical component of the overall treatment of patients 
with conditions found attributable to sacral and pelvic somatic 
dysfunction. Manipulative treatment should be applied with an 
objective to accomplish, and for a given diagnosis. Manual tech-
niques can restore functional symmetry between the arthrodial, 
vascular, lymphatic, and connective tissue elements of the pelvic 
girdle. When coupled with corrective exercises and other treatment 
modalities, it is a powerful, safe and effi cacious tool for the clini-
cian to use when treating a wide variety of patients.
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Lower Extremities
MICHAEL L. KUCHERA

INTRODUCTION

The lower extremities provide for support and facilitate locomotion 
through the use of strong bones and powerful muscles. In each foot 
alone, there are 126 muscles and ligaments, 33 joints, and 26 bones 
(plus 2 sesamoid bones under the fi rst metatarsophalangeal joint).

The structure and function of the lower extremities also allow 
them to play several other signifi cant roles. They contribute to bal-
ance and the body’s postural strategies as well as housing the muscular 
“pumps” involved in locomotion. The latter function means that the 
lower extremities are a major contributor in the returning of venous 
and lymphatic fl uids back to the central vascular system. Further-
more, their condition is a key factor in designing a number of exercise 
protocols that are important for a person’s general health. Because of 
their many roles, structural pathologies and somatic dysfunction in 
the lower extremities have local, postural, and systemic implications.

Basic clinical screening evaluation of the lower extremities (as a 
discrete region) typically includes an initial observation of the region 
during normal walking as well as walking on toes or on heels; stand-
ing with both eyes open or eyes closed; squatting; bending, integrated 
with a standing fl exion test evaluation of PSIS motion; one-legged 
stork (or modifi ed Trendelenburg) test; and joint range of motion 
including straight-leg raising test. These musculoskeletal screening 
tests are integrated with standard screening functional tests for neu-
ral, lymphatic, and vascular disorders. A positive fi nding in any of 
these screening examinations, or an indication in the history of a 
need for closer examination of the region, indicates the need for pal-
pation; assessment of the end-feel during range-of-motion testing 
of each joint; and assessment of muscle strength, stability, and fl ex-
ibility. Often in recognition of the biomechanical-postural model, a 
standing fl exion test will be repeated after correction of somatic dys-
function above the pelvis in order to screen for possible biomechani-
cal infl uence of the lower extremities on the structures above.

System ic Relevance

The regional structure and the function of the lower extremities are 
inexorably linked to systemic clinical issues. Possessing motor, sen-
sory, and autonomic innervations that extend from the lower tho-
racic region to the sacrum, the lower extremities are often targets 
of referred pain from the somatic structures in the lumbar and 
pelvic regions or from certain abdominopelvic viscera. (Although 
these relationships are mentioned in this chapter, readers are 
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■ The lower extremities provide support and locomotion through the use of strong bones and powerful muscles.
■ The final common platform for postural alignment is provided by the lower extremities.
■ Structural pathologies and somatic dysfunction in the lower extremities have local, postural, and systemic 

implications.
■ Palpation assists in differential diagnoses of a wide range of structural and functional disorders in this region.
■ The balance and improvement of biomechanical and homeostatic functions influences a wide range of patient 

conditions.

encouraged to also consult those chapters in this text associated 
with the primary region or disorder.)

Furthermore, while many clinicians consider the pelvis to be 
the foundation on which the spine balances, the lower extremities 
actually form the fi nal common platform for postural alignment (1). 
In order to keep upright, the body slightly sways over its base of 
support using the ankles and hips especially to counter imbalance. 
Sway is caused by actions of the ankle musculature that attempt to 
keep the center of mass over the base of support. This ankle strat-
egy focuses on minor disturbances in balance; while the body’s hip 
strategy manages major balance disturbances. Hip strategy uses the 
trunk musculature to bring postural center of mass over the base 
of support; it is quicker than the ankle strategy and can overcome 
larger variances in balance. In the most extreme circumstances, the 
body will step in the opposite direction of the disturbance to prevent 
a fall, which moves the base of support in order to maintain balance (2). 
For these reasons, osteopathic manipulative treatment (OMT) and 
lower extremity rehabilitation (including foot orthotics, ankle exer-
cises, and other lower extremity adjunctive strategies) are used to 
address local, regional issues—such as a pronated foot or an ana-
tomically shortened femur—to affect the more systemic postural 
issues. (Refer to Chapter 36: for lower extremity diagnostic and 
management issues associated with this biomechanical model.)

In clinical practice, the osteopathic practitioner seeks to ensure 
and enhance those structure–function relationships that are impor-
tant to the biomechanical, bioenergic, neuromusculoskeletal, and cir-
culatory functions of the lower extremities. Clinical goals include:

■ Promotion of energy-effi cient, painless locomotion
■ Maintenance of optimal stability-fl exibility balance in and 

around the joints
■ Reduction of mechanical stress on somatic (skeletal, arthrodial, 

myofascial) structures
■ Motor, sensory, proprioceptive, and autonomic neural balance
■ Elimination of nociceptive drive
■ Elimination of afferent referral from the colon or pelvic organs
■ Elimination of entrapment phenomena and compartmental 

syndromes
■ Safe, effective venous, and lymphatic return

Regional Relevance

Functionally, the lower extremities extend to the iliosacral joint; 
anatomically, most texts begin at the hip. Regardless of the systemic 
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models of the long bones. Ossifi cation centers are present in all 
long bones by the 12th week, although ossifi cation of the foot 
bones and of the tibial tuberosites is not complete until approxi-
mately 20 years of age.

Tibial tuberosity ossifi cation begins at 7 to 9 years. Clinically, 
this is worthy of notice because the patellar tendon attachment at the 
chondro-osseous junction of the tibial tuberosity is the site of one of 
the most common apophysitides, Osgood-Schlatter disease (3). This 
exercise-induced growth disorder affects boys aged 10 to 15 and girls 
aged 8 to 13 years causing pain, especially in the physically active 
individual, but is also occasionally severe at night thereby warranting 
consideration of a malignancy in the differential diagnosis.

The bony skeleton and joints of each lower limb are depicted 
and named in Figure 42.1. The bones making up these joints are 
covered in articular cartilage. The majority are synovial joints 
consisting of a capsule and synovial membrane; however, the dis-
tal tibiofi bular joint is a fi brous syndesmosis with an interosseous 
membrane. Each of these joints is stabilized by ligaments, which 
limit joint motions and are a part of the normal end-feel sensed 
when palpating joint motion.

Differential Diagnosis of Lower Extremity Joints

Several systemic or nonregional disorders might manifest with signs 
and symptoms in the lower extremities and must be differentiated 

implications, this chapter will limit its review to the functional 
anatomy and basic examination of the lower extremities while 
emphasizing the following regional relationships:

1. Skeletal, arthrodial, and ligamentous structure and function
2. Neuromuscular structure and function
3. Vascular and lymphatic structure and function

Throughout this chapter, these relationships will be linked to 
a number of regional clinical considerations ranging from ankle 
sprains (with techniques detailed in a case study at the end of this 
chapter) to the impact of piriformis syndrome.

SOMA: SKELETAL, ARTHRODIAL, 
LIGAMENTOUS STRUCTURE AND FUNCTION

Embryologically, limb development begins with the activation of 
a group of mesenchymal cells in the lateral mesoderm that in turn 
gives rise to bone, cartilage, and ligamentous structures. Limb buds 
adjacent to the lumbar and sacral sclerotomes will fi rst be seen 
at about 4 weeks’ gestation. As the limbs elongate, mesenchymal 
models of the bones are formed. Chondrifi cation centers appear 
in the fi fth week and by the end of the sixth week, the entire limb 
skeleton is cartilaginous.

Osteogenesis of long bones begins in the seventh week from pri-
mary ossifi cation centers located in the middle of the cartilaginous 

Figure 42-1 Bones and joints of the lower 
extremity.
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the lower extremity joints are best recognized by the patient; minor 
joint motions are glides that are often not able to be produced vol-
untarily in isolation and that are typically assessed with end-feel 
palpation. It is often the minor motion of the joint that is respon-
sible for somatic dysfunction and often the failure to address the 
minor motion of a joint with OMT leads to failure in fully restoring 
normal joint motion. The pattern of major and minor joint motions 
helps in the differential diagnosis of each joint. That is, is the pattern 
one of orthopedic origin (e.g., absent end-feel), rheumatologic ori-
gin (e.g., a capsular pattern), or biomechanical origin (e.g., a somatic 
dysfunction “STAR” pattern)? (Sensitivity, Tenderness, Asymmetry, 
and Restricted motion are “STAR” objective fi ndings commonly 
used in making the diagnosis of somatic dysfunction, with the 
restricted motion pattern of barriers and freedoms providing the 
greatest differential diagnostic component in this discussion.)

Pain Quality and Referral
Joint capsules are subject to pathological and infl ammatory pro-
cesses. Such processes result in capsular patterns of restricted motion 
in which all or most passive movements of the joint prove painful 
and limited (Table 42.1). A capsular pattern due to infl ammation or 

from alternative local diagnoses. Differential diagnosis of a given 
lower extremity symptom begins with a clinical interpretation of 
the patient’s history and a physical examination that integrates the 
osteopathic palpatory structural examination. Each of the major 
structure-function models that are available to osteopathic physi-
cians for interpreting their fi ndings is capable of adding relevant 
information with respect to this region; the neurological and bio-
mechanical models are particularly useful.

Application of the neurological model, for example, requires a 
thorough understanding of the lower extremity pain patterns that 
are associated with pain referral from skeletal, arthrodial, ligamen-
tous, and myofascial structures as well as from a variety of neural, 
vascular, and visceral structures. In applying the respiratory-circu-
latory model to this region, the more pertinent knowledge comes 
from understanding lymphaticovenous drainage patterns and the 
compartmentalization of the lower extremity.

In order to apply the biomechanical model, lower extremity 
joint function should be examined and treated while recognizing 
that each joint has both major and minor motions that are distinct 
to the structure and function of that joint, each being adapted for an 
optimal balance between fl exibility and stability. Major motions of 

T A B L E  4 2 . 1

The Capsular Patterns

Region Involving Capsular Pattern 
(Common Diagnoses)

Capsular Pattern of Motion Specific 
to Joint (Contrast with Somatic 
Dysfunction Patterning)

End-Feel and Other Comments

“Sign of the Buttock”
Indicates major lesion such as 
osteomyelitis, ischiorectal abscess, 
iliac neoplasm, etc.

Passive hip flexion more limited and 
more painful than straight-leg raise

A prematurely empty end-feel on 
passive hip flexion accompanies 
the sign of the buttock

Hip   
Rheumatoid, traumatic, or spondylitic 
arthritis; osteoarthrosis

Marked limitation of internal rotation 
and flexion, some limitation of 
abduction, little or no limitation of 
adduction and external rotation

Hard end-feel palpated especially 
at the end of internal rotation 
(advanced cases: patient may walk 
with foot turned outward)

Knee
Traumatic arthritis, rheumatoid 
arthritis, osteoarthritis, Baker cyst

Gross limitation of flexion, slight 
limitation of extension

In arthritis, the palpated end-feel 
on passive flexion is usually hard. 
Most common primary capsular 
conditions signaled by warmth, 
fluid, and synocial thickening

Ankle
Osteoarthrosis, reactive arthritis More limitation of plantar flexion of 

dorisflexion
Capsular patterns unusual

Talocalcaneal Joint
Osteoarthrosis, rheumatoid or 
subacute rheumatoid arthritis

Increasing limitation of varus until 
fixation in valgus position

Reduces efficacy of shock 
absorption placing other joints 
at risk for arthritic change from 
accumulated impact loading

Big Toe
Rheumatoid arthritis, osteoarthrosis, 
gout

Gross limitation of extension, slight 
limitation of flexion

Advanced pattern demonstrates 
fixation in neutral position (hallux 
rigidus)

Source: From Cyriax JH, Cyriax PJ. Cyriax’s Illustrated Manual of Orthopaedic Medicine. 2nd Ed. Oxford, UK: Butterworth-Heinemann 
Ltd., 1993:6–8.
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to refer to any part of the region between the waist and the thigh.) 
Throughout this chapter the term, hip, will be interchangeable 
with the structural and functional elements associated with the 
femoroacetabular joint itself.

The hip is a ball-and-socket synovial joint with a socket deeper 
than the glenoid fossa of the shoulder that refl ects the characteris-
tic stability of the joint. In a newborn with a congenitally shallow 
acetabulum, this lack of stability can be evaluated using the Orto-
lani test for dislocation (Fig. 42.2) and the Barlow test for reduction 
(Fig. 42.3). Early discovery permits satisfactory results with triple 
diapering or conservative brace management. Failure to perform a 
satisfactory examination risks a late diagnosis and the necessity for 
surgical correction.

Femur
The femur is the longest and heaviest bone in the body, attaining a 
length about one-fourth the height of an adult (9). This fact allows 
the forensic pathologist or archaeologist to estimate an individual’s 
height from the femur alone. The angle formed by the intersection 
of the anatomic axis of the shaft of the femur and the longitudinal 

pathology is palpably different from the patterns of tenderness and 
restricted motion assessed in somatic dysfunction (4). Palpation of 
the capsular pattern is also dramatically different from the laxity 
assessed in ligamentous sprains. Thus, palpation of the end-feel 
provides signifi cant information about the differential diagnosis of 
a painful or improperly functioning joint. Many rheumatological 
diagnoses present with deep-seated, toothache-like, sclerotomal 
pain and a capsular palpatory pattern.

Pain is also used in making a presumptive diagnosis of the 
temporal-pathophysiological condition of a joint. Pain occurring 
prior to resistance to movement might indicate an acutely infl amed 
joint, that pain that is synchronous with resistance might indicate a 
less acutely infl amed joint, and that pain occurring after resistance 
might indicate a noninfl amed joint. Pain upon active motion that 
disappears when the joint is passively moved might refl ect that the 
pain generator lies in muscles around the joint rather than within 
the joint itself.

Ligamentous Sprain Classifi cation
In the diagnosis of ligamentous sprains, the joint line and stabiliz-
ing ligaments should be palpated directly for tenderness followed 
by end-feel assessment for arthrodial motion or laxity. The greater 
the structural damage due to ligamentous spraining, the greater the 
laxity that results in a loss of normal end-feel and stability. Palpa-
tion of joint play end-feel is, therefore, useful in classifi cation of 
traumatic and orthopedic conditions such as sprains and in dif-
ferentiating these from somatic dysfunction.

Ligamentous sprains are generally classifi ed by degree. A fi rst-
degree sprain assumes that the integrity of the ligament is undis-
turbed, which results in generally intact tensile strength. Some 
label this degree of injury a strain, while others reserve the term, 
strains, for muscle injuries. A fi rst-degree sprain, while tender to 
specifi c palpation and painful when stressed, is generally stable 
to most orthopedic ligamentous tests. Patients with fi rst-degree 
sprain respond well to conservative osteopathic care focusing on 
functional strategies and might even return to activity within days 
of the injury (5,6). With proper care, such sprains typically recover 
with normal function and no ligamentous laxity.

A third-degree sprain (also known as a grade III sprain) indi-
cates complete disruption of the ligament with no remaining ten-
sile strength. Orthopedic testing indicates the “sloppy” end-feel of 
complete instability. Good splinting and early surgery may offer 
the best prognosis when dealing with third-degree ligamentous 
sprains around the structurally unstable knee. With ligaments of 
the inherently more stable ankle joint, surgery may be delayed 
or unnecessary to reestablish stability; recovery can be as long as 
4 months (7).

Second-degree sprains make up the ligamentous injuries in 
between these two diagnoses. Second-degree sprains may be fur-
ther divided into grade I (partial tearing with slight laxity) and 
grade II (more complete tearing and moderate laxity) sprains. 
Second-degree sprains, even when grade II, do not usually require 
surgical repair if they are immobilized for a duration that is appro-
priate to stabilize the amount of structural damage. Prolotherapy 
(8) or certain rehabilitative procedures may be employed to restore 
a component of the laxity and lost joint stability.

HIP: Femoroacetabular Joint

Structure
The hip, or coxa, is a term used loosely to indicate the articulation 
of the femoral head with the acetabular socket of the innominate 
bone. (Recognize that the term, hip, may also be used by patients 

Figure 42-2 Ortolani test for hip dislocation. Used in the fi rst few 
weeks of life, in neonates with a subluxated hip, this maneuver cre-
ates resistance felt at 45 to 60 degrees. A positive sign is a pal-
pable click (not heard) when resistance is overcome and the femoral 
head reduces. (Top: From Kuchera ML, Kuchera WA. Osteopathic 
Principles in Practice. 2nd Ed. Rev. Columbus, OH: Greyden Press, 
1994:636, illustration by W.A. Kuchera. Bottom: Modifi ed from Burn-
side JW. Physical Diagnosis: An Introduction to Clinical Medicine. 
16th Ed. Baltimore, MD: Williams & Wilkins, 1981:246.)
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confi guration tends to screw the femoral head into the acetabulum 
with extension, which prevents hyperextension. Normal extension 
is typically limited to less than 35 degrees. Functional hip ligaments 
are illustrated in Figure 42.5.

Structure–Function Relationships

Motion
The major motions of the hip (femoroacetabular) joint that the 
patient can voluntarily create and are grossly tested are shown 
below along with ranges and approximate means for a 30 to 40 year 
old population (10):

■ Flexion 120 degrees (range: 90 to 150 degrees)–extension 
10 degrees (range 0 to 35 degrees)

■ Abduction 40 degrees (range: 15 to 55 degrees)–adduction 
30 degrees (15 to 45 degrees)

■ External rotation 35 degrees (range: 10 to 55 degrees)–internal 
rotation 30 degrees (range: 20 to 50 degrees)

Minor joint motions of the hip assessed with end-feel palpation 
include:

■ Anterior glide occurring with external rotation
■ Posterior glide occurring with internal rotation

Gross hip ranges of motion and passive assessments of end-feel 
are usually tested with the patient supine and the pelvis stabilized. 
Ranges of motion vary from individual to individual and differ in 
different populations tested. For example, expect different averages 

axis of the neck of the femur is called the angle of inclination. This 
angle normally measures 120 to 135 degrees. If the angle of incli-
nation is larger than 135 degrees, the condition is referred to as coxa 
valgus. If it measures less than 120 degrees, the condition is called 
coxa varus (Fig. 42.4). The femoral shaft is twisted so that the con-
dyles of the distal femur are in a transverse plane even though the 
femoral neck angles forward 12 to 15 degrees; this is called the 
angle of anteversion.

Ligaments
The iliofemoral ligament on the anterior aspect of the hip joint is 
the strongest ligament in the body. Because it is shaped like the 
letter Y, it is also called the Y-ligament of Bigelow. This ligament 
tenses with full hip extension and helps to maintain posture in the 
military at-ease position with minimal muscle activity. On the pos-
terior side, the ischiofemoral ligament attaches to the ischial portion 
of the acetabular rim and wraps over the posterior and superior 
part of the hip joint where it attaches just medially to the base 
of the greater trochanter of the femur. This important anatomic 

Figure 42-3 Barlow test for hip reduction. Test for hip reduc-
tion is a modifi cation of the Ortolani test; it is used to identify an 
unstable hip in infants up to 6 months of age. The Ortolani test 
is fi rst performed followed by a posterolateral pressure over the 
inner thigh. If the femoral head slips out over the posterior lip of 
the acetabulum and reduces spontaneously when the pressure is 
released, then the joint is not dislocated but is unstable. ( Top: From 
Kuchera ML, Kuchera WA. Osteopathic Principles in Practice. 2nd 
Ed. Rev. Columbus, OH: Greyden Press, 1994:636, illustration by 
W.A. Kuchera. Bottom: Modifi ed from Burnside JW. Physical Diag-
nosis: An Introduction to Clinical Medicine. 16th Ed. Baltimore, MD: 
Williams & Wilkins, 1981:246.)

Figure 42-4 Angle of inclination. Measures less than 120 degrees 
in coxa varus; greater than 135 degrees in coxa valgus. (Illustration 
by W.A. Kuchera.)
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Around an anteroposterior (AP) axis through the femoral head, 
the hip might abduct and adduct by as much as 55 and 45 degrees, 
respectively. To test adduction in a supine patient with the knee 
locked, the leg must be lifted to cross over the opposite leg.

Around a functional longitudinal axis, hip external rotation 
might measure up to 55 degrees and internal rotation up to 50 
degrees.

In summary, the major motions of the hip and the minor motion 
glides of anterior glide (with external rotation) and posterior glide 
(with internal rotation) should be assessed and their pattern evalu-
ated. A physiological end-feel to one motion compared to a barrier 
in the opposite direction is consistent with a dysfunctional pattern. 
A capsular pattern of marked limitation to internal rotation and 
limitation to fl exion and abduction as well should raise suspicions 
of an underlying infl ammatory process. If the initial fi ndings from 
the examination of the hip do not follow functional biomechanical 
principles, they warrant further evaluation.

Longitudinal Axis
The anatomical longitudinal axis that runs down the shaft of the 
femur is not its functional axis. The functional longitudinal axis of 
the femur runs distally from the femoral head to a point midway 
between the condyles. With internal rotation at the hip on this 
functional axis, the femoral head glides posteriorly; with external 
rotation, the femoral head glides anteriorly. Internal rotation with 
posterior glide and external rotation with anterior glide represent 
the linked minor motions of the femoroacetabular joint.

Because arthritic change modifi es gliding motions and occurs 
early in the minor motions of the joint (13), screening for hip prob-
lems should combine the standard Patrick screening test (Fig. 42.6) 
with evaluation for a hip capsular pattern. The acronym FABERE 
is often used to describe the order in which the Patrick FABERE 
test is performed:

■ Flexion
■ Abduction
■ External Rotation
■ Extension

As a screening test, the Patrick FABERE test is more reli-
able for hip pathology than sacroiliac dysfunction (14). Hip joint 
pathology, such as osteoarthritis, will usually create pain in the 
inguinal region. A positive Patrick test that lacks a hip capsular 
palpatory pattern or has pain limited to the posterior pelvis is more 
likely to refl ect sacroilitis or pain arising from the sacroiliac joint or 
anterior sacroiliac ligament than hip pathology.

Figure 42-5 Functional hip ligaments. A. Bones and ligaments of 
the right hip joint (anterior views). Iliofemoral ligament (Y-ligament 
of Bigelow) and pubofemoral ligament. The iliofemoral ligament 
on the anterior aspect of the joint is the strongest ligament in the 
body and is used in military posture. B. Bones and ligaments of 
the right hip joint (posterior views). The ischiofemoral ligament 
on the posterior side of the joint limits extension to less than 
35 degrees. (Illustration by W.A. Kuchera.)

when testing male collegiate football players compared to teenage 
female gymnasts. Therefore, a side-to-side comparison of both sym-
metry and the quality of the barrier at the end of motion is much 
more important than measuring the absolute number of degrees 
in the range of motion. Moreover, such side-to-side comparisons 
can be reliably counted upon (11). This holds true as well for the 
assessment of all of the lower extremity joints. In the presence of 
asymmetric motion, the quality and pattern of the barriers helps to 
differentiate hypomobility on one side from hypermobility on the 
other hand to distinguish somatic dysfunction from pathology.

The character and pattern of the end-feel of each hip motion 
may be springy (physiologic) or it might suggest a capsular, trau-
matic, or dysfunctional pattern. Subtle differences in somatic dys-
function of myofascial rather than articular origin may also be 
appreciated by evaluating the quality of the end-feel of the hip 
joint.

The muscles and soft tissues of the hip typically limit fl exion 
more than the ligaments. Straight-leg raising at the hip around 
a transverse axis is limited by the hamstring muscles to approxi-
mately 85 to 90 degrees. If the knee is bent in order to remove the 
hamstring infl uence, the thigh can normally be fl exed up to 150 
degrees at the hip. If signifi cant improvement in range of motion 
is not seen after fl exing the hip, the situation is not consistent with 
a biomechanical cause. Thus, when more pain and limitation of 
motion coupled with an empty end-feel coincides with bent-knee 
hip fl exion rather than with straight-leg raising, serious conditions 
including septic bursitis, ischiorectal fossa abscess, osteomyelitis or 
neoplasm of the upper femur, or other signifi cant pathology of the 
ilium must be ruled out (12) (see Table 42.1).

Extension while the subject is prone and their legs are extended 
might measure as much as 35 degrees; bending the hip and knee of 
the opposite lower extremity relaxes some of the muscular restric-
tion to hip extension and should increase this measurement.

Figure 42-6 Patrick FABERE test of the hip. X, opposite hand should 
stabilize the left ASIS. Test may reproduce back or buttock pain from 
sacroilitis or severe SI joint dysfunction; groin pain is often indicative 
of hip joint pathology. (Illustration by W.A. Kuchera, D.O., F.A.A.O.)
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lateral semilunar cartilages to provide some stability, smoothness, 
and resilience to pressure.

The medial condyle of the knee is longer than the articular sur-
face of the lateral condyle (Fig. 42.8). This structural confi guration 
affects joint function and the end result is dependent upon whether 
the tibia is moving on the femur (seated) or the femur is moving on 
a stationary tibia (standing). With extension of the knee, the lateral 
condyle reaches its physiologic limit of motion, whereas the medial 
condyle of the femur continues to track posteriorly on the tibial 
plateau. This results in a posterolateral glide of the tibia with full 
extension of the knee. Full extension locking requires this minor 
rotational glide. The opposite (anteromedial glide) occurs with full 
fl exion of the knee. These minor motions of the joint should be 
checked for somatic dysfunction by adding an anteromedial glide 
while inducing external rotation of the tibial plateau and a poste-
rolateral glide while inducing internal rotation of the tibial plateau 
(Fig. 42.9).

In testing the gross range of motion of the knee, the median 
motions will be approximately 145 degrees (115 to 160 degrees) 
for fl exion and for extension or hyperextension, −2 degrees (0 to 
−10 degrees) (18).

This section also covers the patellofemoral joint in the area of 
the true knee joint.

Ligaments and Cartilage
Lateral and medial collateral ligaments, adapted to limit lateral 
glide of the tibia with adduction and medial glide of the tibia with 
abduction, stabilize the true knee joint. The lateral (fi bular) col-
lateral ligament does not attach to the lateral semilunar cartilage 
(lateral meniscus), while the medial (tibial) collateral ligament does 
attach to the medial semilunar cartilage (medial meniscus) (see 
Fig. 42.7). This anatomic arrangement makes the medial meniscus 
more susceptible to tears. It also predisposes the structure to dis-
placement, especially from a blow to the knee that comes through 
the knee from the lateral to the medial side or to twisting injuries 
of the knee.

Valgus stress testing of the knee at 30 degrees (Fig. 42.10A) 
induces abduction of the tibia with medial glide and provides 
information on stability of the medial collateral ligament. Varus 
stress testing at 30 degrees (Fig. 42.10B) induces adduction of the 
tibia with lateral glide and provides information on stability of 
the lateral collateral ligament. In addition to ligamentous evalua-
tion, these positions permit assessment for medial and lateral glide 
somatic dysfunction.

A palpable click accompanied by pain while performing 
McMurray meniscal tests (Fig. 42.11) strongly suggests displacement 
or a meniscal tear, but the test may only be positive in 35% of cases. 
Although the most sensitive (but least specifi c) single assessment 
is actually palpation of a tender meniscus at the joint line (19), 
usually a combination of maneuvers based upon pain provocation 
with compression, traction, or shear forces is required to confi rm 
the diagnosis (20).

It is important to understand that one function of the menisci 
is to limit extreme knee fl exion and extension. In extreme knee 
extension during the screw-home motion, the menisci are forced 
anteriorly and the anterior horns of the menisci block further 
extension. In full fl exion, the posterior horns of the meniscus are 
driven posteriorly and block knee fl exion (21). Therefore, during 
meniscus testing, if the pain or snapping occurs near maximum 
knee fl exion, the posterior horns are probably involved, and if the 
pain or clunk occurs toward knee extension, the middle to ante-
rior portion of the meniscus is probably involved. Again, sensitivity 
for meniscal damage is less impressive than specifi city with each 

Arthritic change progresses from functional demand accentuated 
by biomechanical stress to pathophysiological response and struc-
tural change. For example, the biomechanical stress placed on the 
hip joint by a short lower extremity results in a higher incidence 
of greater trochanteric bursitis and of osteoarthritis (15,16), both 
occurring on the long leg side. Somatic dysfunction and arthritic 
pathology often coexist within this structure-function spectrum; 
each should be addressed with appropriate therapeutic tools that 
are integrated into a regimen for total patient treatment (17).

KNEE: FEMOROTIBIAL AND 
PATELLOFEMORAL JOINTS

Structure

The true knee, genu, or femorotibial joint is a double condylar, 
complex synovial articulation formed by the femoral condyles 
and the tibial plateau (Fig. 42.7). This joint contains medial and 

Figure 42-7 Knee joint. A. Anterior view. B. Posterior view. 
C. Relationship of collateral ligaments to knee cartilage (anterior 
view). (Illustration by W.A. Kuchera.)
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shock-absorption properties of the knee joint and can predispose 
to arthritic change in the joint itself over time.

Interestingly, treatment of locking due to displacement or 
medial meniscal tear might be accomplished by modifying the 
McMurray test, starting from the fl exed neutral knee position. 
First, gently externally rotate, abduct, and gap the medial side of 
the knee joint until a slight bulge is felt at the joint line; follow with 
pressure over the medial meniscus (and the medial collateral liga-
ment to which all or a fragment of the meniscus may be attached) 
to reduce the bulge. Complete the procedure by holding fi rm digi-
tal pressure over the medial meniscus during knee extension and 
internal rotation.

The cruciate ligaments run between the tibia and the femur 
and are named according to their tibial attachments. The posterior 
cruciate ligament attaches to the posterior part of the tibia and 
prevents excessive posterior glide. The anterior cruciate ligament 
attaches to the anterior part of the tibia and prevents excessive 
anterior glide of the tibia at the knee joint. Stability of the ante-
rior cruciate ligament (Fig. 42.12A) is checked with an anterior 
drawer test (knee fl exed toward 90 degrees) or, with greater speci-
fi city, a Lachman test (knee fl exed up to 30 degrees). Stability of the 
posterior cruciate ligament is checked with a posterior drawer test 
(Fig. 42.12B). These maneuvers also permit assessment of anterior 
and posterior glide end-feel for dysfunction.

The combination of torn anterior cruciate and medial collateral 
ligaments along with a torn medial meniscus occurs predictably 
from certain traumas featuring valgus stress forces such as a tackle 

given test (22,23)—Fouche variation (see Fig. 42.11), for instance, 
is almost pathognomic for a posterior meniscal tear (24), but such 
tears are only detected with physical examination in about % of 
cases.

In addition to pain, patients with a meniscal tear experience 
swelling, popping, or clicking, limited knee motion, and occa-
sional joint locking during walking. Meniscal tears decrease the 

Figure 42-8 Longer medial condyle infl uences knee joint 
function. Structure–function relationship of the medial con-
dyle. In knee extension, the medial, but not the lateral, femoral 
condyle will continue to track posteriorly, resulting in internal 
rotation of the femur (if the tibia is stationary) or external rota-
tion of the tibia (if the femur is held stationary). The condylar 
glide occurring with external rotation of the tibia is called the 
anteromedial glide. (Illustration by W.A. Kuchera.)

Figure 42-9 Physical examination of minor tibial glides. Physical 
examination of anteromedial glide with external rotation (A) and 
posterolateral glide with internal rotation (B) of the knee. (Illustra-
tion by W.A. Kuchera.)
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biomechanical forces, especially with dysfunction or weakness of 
the vastus medialis muscle. Locking of the patella strongly suggests 
myofascial trigger points (MTrPs) in the vastus lateralis muscle. 
Complete locking of the patella immobilizes the knee joint in 
slight fl exion, while partial locking causes diffi culty in straighten-
ing the knee after sitting in a chair.

to the outside of the knee with the knee extended fully and the foot 
fi xed. Because this injury causes signifi cant knee instability, histori-
cally many clinicians referred to this constellation as O’Donaghue’s 
triad or more commonly as the unhappy (or terrible) triad (25).

Q-Angle and the Patella
The angle formed by the intersection of the functional longitudinal 
axis of the femur and the tibial longitudinal axis is referred to as the 
Q- (or Quadriceps-) angle. Normally, the Q-angle measures 10 to 12 
degrees (Fig. 42.13). An angle of 20 degrees or more is defi nitely 
abnormal with some practitioners suggesting an increased biome-
chanical risk for individuals with Q-angles greater than 15 degrees 
(26). As the Q-angle increases, the patient appears more “knock-
kneed,” a condition referred to as genu valgus. A “bowlegged” 
appearance is known as genu varus. Biomechanically, coxa varus 
increases the Q-angle, as does a pronated foot, and both enhance 
the possibility of genu valgus.

The Q-angle has a major effect on the tracking of the patella, 
a sesamoid bone in the tendon of the quadriceps femoris muscle 
group. Patellofemoral joint dysfunction and structural change may 
each arise from abnormal tracking of or pressure on the patella.

Accentuated Q-angles might be associated with symptoms 
of patellar pain due to ligamentous stress at the knee or through 
secondary development of muscle imbalance and trigger points 
(TrPs). The patella might even sublux laterally with these 

Figure 42-10 Valgus and varus testing. Tests for collateral ligament 
injury at the knee. A. Tibial abduction with medial glide or genu val-
gus stress also tests for medial collateral ligament stability. B. Tibial 
adduction with lateral glide or genu varus stress also tests for lateral 
collateral ligament stability. (Illustration by W.A. Kuchera.)

Figure 42-11 Meniscal diagnostic tests. Tests for medial, lateral, 
or posterior meniscus injuries: In these tests, start with the knee fully 
fl exed. One hand (1) palpates the knee at the medial and lateral 
joint line. The other hand (2) holds the foot to control external and 
internal rotation of the foot and tibia. For the McMurray medial 
meniscal test (a), the foot and tibia are externally rotated (b), the 
two hands (c) place the tibia into abduction (genu valgus), and while 
holding this positioning the leg is slowly extended. For the Fouche 
variation for lateral and posterior meniscus injuries (b), the foot 
and tibia are internally rotated, the two hands (c) place the tibia into 
adduction (genu varus), and while holding this positioning, the leg 
is slowly extended. Pain with a palpable “click” constitutes a posi-
tive test. Note that starting with the leg extended and reversing the 
steps essentially constitute Steinmann I meniscal signs. (Illustration 
by W.A. Kuchera.)
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and treated to encourage optimum healing. When the tracking 
disorder is secondary to muscular imbalance, it is very important t
o consider neural agonist–antagonist relationships and, there-
fore, to suffi ciently stretch any tight hamstrings prior to trying to 
strengthening weak quadriceps (28).

Patellar structural problems also arise from:

■ Patellar dislocation
■ Chronic or direct patellar trauma
■ Fracture of the lower extremity

Structural problems of the patella are evaluated, in part, by palpat-
ing over and around the patella. Look for subpatellar tenderness, 
crepitus, grinding or clicking with compression against the under-
lying femur (patellar grind test) when gliding the patella medially, 
laterally, superiorly or inferiorly. Effusion within the knee joint also 
strongly suggests structural change.

As a consequence of secondary bony alignment and muscular 
imbalance, functional patellar tracking diffi culties may also be the 
presenting symptom of postural disorders.

Motion
The major motions of the knee joint are fl exion and extension. 
Because of the irregular shape of the joint surfaces, these two 
motions are combined with some minor involuntary glides, rolling, 
and rotational motions. Minor motions of the tibial plateau at the 
knee include:

■ Anterior and posterior glides
■ Medial and lateral glides
■ Internal rotation with posterolateral glide
■ External rotation with anteromedial glide

Complete extension of the knee creates a bony lock. Testing of 
minor motions of the joint and ligament assessment should there-
fore be performed with the knee in variable degrees of fl exion. 
Abduction and adduction of the tibia are passive motions of the 
knee that cannot be voluntarily created by the patient. A varus 
stress motion applied in an attempt to create adduction of the tibia 
produces a lateral glide (with slight internal rotation). A valgus 
stress motion–inducing abduction of the tibia produces a medial 
glide (with slight external rotation) of the tibia. Restriction of glide 
in one direction suggests somatic dysfunction; laxity in one direc-
tion suggests ligamentous sprain or tear.

The knee should move into full extension and lock, freely and 
without restriction. This is tested by grasping the foot of the supine 
patient with one hand and raising that lower extremity just off the 
table. The knee is fl exed slightly with the other hand and then 
released, allowing it to extend. A normal knee drops freely into 
extension and bounces off the ligaments. Structural injuries, espe-
cially medial meniscal tears, might result in inability to extend fully 
or in guarding on extension.

The hyperextended knee is referred to as genu recurvatum.

Diagnostic Testing

The osteopathic palpatory examination of the knee incorporates 
standard knee testing positions and maneuvers while noting the 
presence and pattern of these fi ndings:

■ Gross range of motion
■ Restricted gliding minor motions (end-feel)
■ Hypermobility and loss of stability (end-feel)

As with other lower extremity joints, all fi ndings are compared from 
side to side for asymmetry and the quality of the end-feel motions.

Prolonged patellofemoral dysfunction, due to these 
biomechanical factors, predisposes an individual to structural 
changes including irregular or accelerated wearing or roughen-
ing of the articular surface on the posterior surface of the patella 
(chondromalacia patellae) (27). This coexistence of structural and 
functional disorders must be considered, appropriately diagnosed, 

Figure 42-13 Q-angle. Q-angle (quadriceps angle) normally mea-
sures 10 to 12 degrees. Key landmarks for establishing the Q-angle 
are the ASIS, the patella, and the tibial tuberosity. Note the change 
in the Q-angle in genu valgus and varus.

Figure 42-12 Testing cruciate ligaments and A-P glide dysfunc-
tion. Structure-function tests of the anterior (A) and posterior (B) 
cruciate ligaments using the Lachman (1) and drawer (2) tests.
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dysfunction can itself cause symptoms related to entrapment 
neuropathy or compression of the common peroneal (common 
fi bular) nerve. (Habitual crossing of one leg over the opposite 
knee—“crossed leg peroneal palsy”—can also lead to this condition 
due to prolonged pressure on the nerve against the fi bular head. 
It is especially prevalent in patients with cachexia who have lost 
signifi cant soft tissue “padding” in this region.)

Fibular head dysfunction often occurs in recurrent ankle 
sprains and responds well to manipulative procedures (30). In the 
more common ankle sprain in which the foot tends to supinate, 
the distal fi bula is often found to be anterior and the fi bular head 
posterior. In ankle sprains, however, the physician must be sure to 
check both ends of the fi bula, because, with trauma and disruption 
of the anterior talofi bular ligament, the physiological, reciprocal 
motion described earlier may not occur.

Palpation and manipulative treatment of tibiofi bular interosseous 
membrane strain can also help in treating patients who have 
incurred an ankle sprain. This can be achieved with ligamentous 
balancing techniques between fi bula and tibia while palpating at 
both ends of the fi bula.

ANKLE: TALOCRURAL AND 
TALOCALCANEAL JOINTS

Structure–Function Relationships

The ankle has both an upper and lower joint that act together as 
a functional unit (31). The upper joint is the tibiotalar (talocrural) 
joint and the lower is the subtalar (talocalcaneal) joint. As the patient 
walks forward and bears weight on the foot, there is visible medial 
rotation of the tibia with increasing dorsifl exion at the ankle. How-
ever, the calculated amount of medial rotation of the tibia is greater 
than that attributable to movement occurring solely at the tibiotalar 
joint (32,33). The increased medial rotation coincides with a relative 
calcaneal eversion about the subtalar axis. As the stance phase of the 
walking cycle continues to the toe-off interval, the tibia externally 
rotates with simultaneous calcaneal inversion about the subtalar 
axis. Without movement at the subtalar joint, it would be diffi cult 
for a person to balance their body over one lower limb (34).

The same testing maneuvers needed to diagnose somatic 
dysfunction offer orthopedic and rheumatologic information about 
knee structure. In general during testing, if the asymmetrical end-
feel of the test is too loose, there is an orthopedic diagnosis. If 
generally restricted in both directions of a given paired motion 
(e.g., fl exion–extension), there is often a rheumatologic diagnosis. 
If a pattern of paired motions are assessed to be physiologically free 
in one direction but ends too abruptly in the other, the diagnosis 
is joint somatic dysfunction. Thus, interpreting each test for the 
available dual structure-function information provides twice the 
diagnostic power in the same amount of time that is usually spent 
on examining the knee structure alone.

A knee with gross limitation of fl exion and slight limitation of 
extension is consistent with a capsular pattern of that joint. This 
palpatory fi nding, correlated with history and other physical fi nd-
ings, leads to an appropriate differential diagnosis of varying types 
of arthritis and synovitis affecting the knee. The capsular pattern 
of the knee (29) differs signifi cantly from a somatic dysfunction, 
in which minor motions of the joint are restricted in one aspect of 
each paired motion and free in the opposite direction.

Fibular Motion
The proximal tibiofi bular joint is a separate synovial joint at the 
knee (Figs. 42.14 and 42.15). Although the angulation of the artic-
ulation actually permits the minor motions of anterolateral and 
posteromedial glide of the fi bular head, clinicians simply report 
fi bular head glide as anterior or posterior. The fi bular head lies in 
the same horizontal plane as the tibial plateau.

The distal tibiofi bular articulation is a syndesmosis. This joint 
allows the fi bula to move laterally from the tibia to accommodate 
the increased width of the talus presented during dorsifl exion. 
Restricted dorsifl exion of the ankle warrants examination and 
treatment of this syndesmosis.

When the fi bular head glides anteriorly, reciprocal motion is 
initiated at the distal fi bula (lateral malleolus), which glides pos-
teriorly. Posterior fi bular head motion is accompanied by anterior 
motion at the distal fi bula. External rotation of the tibia and ankle 
carries the distal fi bula posteriorly and elevates and glides the 
proximal fi bular head anteriorly. The opposite occurs with internal 
rotation of the tibia and ankle (see Fig. 42.15).

With pronation of the foot, ligamentous attachments glide the 
distal talofi bular joint posteriorly with reciprocal glide of the head 
of the fi bula anteriorly. The opposite occurs with supination.

Fibular Head Dysfunction
Fibular head dysfunction is checked by gliding the fi bular head 
posteriorly (and slightly medial) and anteriorly (and slightly lat-
eral). In grasping the fi bular head, the physician must take care not 
to cause undue pressure on the peroneal (fi bular) nerve, which lies 
directly posterior to this structure. Posterior fi bular head somatic 

Figure 42-14 Proximal tibiofi bular joint. Note that the fi bular head 
and the tibial tuberosity are on the same horizontal plane.

FIGURE 42-15 Reciprocal motions. External rotation of the tibia 
(C) moves the distal fi bula posteriorly (B) and reciprocally is associ-
ated with the fi bular head moving anteriorly (B1). The opposite is 
true (A, A1) with internal rotation (D) of the lower leg. (Illustration 
by W.A. Kuchera.)
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Since the tibiotalar axis passes distally to the tip of each mal-
leolus, its position may be estimated by placing the fi ngertips at the 
most distal ends of the malleoli. At this position, the fi ngers are 
over the transverse axis of the tibiotalar joint.

Abduction, toeing-out, and some pronation of the foot accom-
pany dorsifl exion. This type of motion carries the lateral malleolus 
posteriorly and, through reciprocal action, glides the fi bular head 
anteriorly and superiorly. With dorsifl exion, the talus glides poste-
riorly. Because the talus is structurally wider anteriorly, it fi ts more 
securely with the posterior glide component in the ankle mortise. 
Dorsifl exion is, because of its structure, a more functionally stable 
position. This stability is the reason taping techniques to treat or 
prevent ankle sprains usually emphasize a dorsifl exed position. 
Major and minor ankle motions are shown in Figure 42.16.

Subtalar/Talocalcaneal Joint
The subtalar or talocalcaneal joint (Fig. 42.17) has been called the 
main shock-absorber joint (39,40) of the lower extremity. It earned 
this designation because, in coordination with the intertarsal joints, 
it determines the distribution of forces upon the skeleton and soft 
tissues of the foot. This synovial joint has a single oblique axis that 
declines backward and laterally; it is stabilized by the strong talo-
calcaneal ligament.

The shock-absorbing function of this joint is particularly 
important in absorbing accumulated impact loading (calculated by 
multiplying the number of steps times the person’s body weight 
times an activity “magnifi er” ranging from a factor just above 1 
for walking activities to up to 10 to 12 times the person’s weight 
for jumping; the magnifying factor for running varies from 1.5 to 
5 times body weight) (41). Such calculations become important 
in predicting outcomes such as aggravation of the lower extrem-
ity arthritis pain from prescriptive treadmill activity to risk of tis-
sue injury in athletes with heavy running or jumping activities. 
Running is one of the most widespread activities during which 
overuse injuries of the lower extremity occur and the majority of 
biomechanical risk factors for such injury stem from this rear por-
tion of the foot (42). Examples of overuse injuries that commonly 
occur during running include stress fractures, medial tibial stress 

Tibiotalar/Talocrural Joint
The tibiotalar (or talocrural joint) involves the talus moving in the 
ankle mortise. Until the publication of Inman’s studies (35,36), the 
axis of the tibiotalar joint was thought and described in anatomy 
textbooks to be a horizontal axis that corresponded with the articular 
surfaces of the joint. Inman demonstrated that the single empirical 
(functional) axis in 80% of his specimens was not horizontal. He 
described an oblique axis directed laterally and downward (average 
8 degrees) on a coronal plane and laterally and posteriorly (average 
6 degrees) on a transverse plane. Despite this knowledge, the major 
motions of the tibiotalar joint are simply described as dorsifl ex-
ion and plantar fl exion. Minor motions occur with each; poste-
rior glide with dorsifl exion and anterior glide with plantar fl exion. 
These minor motions are important when setting up manipulative 
techniques of the talus or of the fi bula.

The gross ranges of motion for the ankle average 15 degrees 
(range: 5 to 40 degrees) for dorsifl exion and 40 degrees (range: 
10 to 55 degrees) for plantar fl exion (37). Interesting for patient 
care, studies suggest that people with infl exible ankles have nearly 
fi ve times the risk of ankle sprain of people with an average fl ex-
ibility (38). As in all other lower extremity joints, a side-to-side 
comparison for symmetry and quality of the end-feel of motion is 
recommended.

Recurrent somatic dysfunction of the ankle at the tibiotalar 
joint is more commonly found to prefer plantar fl exion with ante-
rior glide with a resistant barrier to posterior glide at the end of 
dorsifl exion. The tibiotalar capsular pattern is, however, restricted 
in both directions and especially resistant to plantar fl exion. Ankle 
sprains, more likely to occur when the tibiotalar joint is plantar 
fl exed, are discussed with foot position (supination and pronation) 
later in this chapter and were classifi ed by severity earlier in the 
chapter.

Adduction, toeing-in, and some supination of the foot accom-
pany plantar fl exion. This motion carries the lateral malleolus ante-
riorly. Through reciprocal action of the fi bula, the proximal fi bular 
head also glides posteriorly and inferiorly. The talus glides anteri-
orly, placing the narrow portion of the talus in the ankle mortise, a 
less stable position.

Figure 42-16 Major and minor ankle motions. 
Dorsifl exion with posterior glide is the more stable 
joint position because the wedge-shaped talus is 
engaged. (Illustration by W.A. Kuchera.)
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posterolateral glide of the talus when the ankle is supinated and 
the anteromedial glide at the talocalcaneal joint when the ankle is 
pronated.

Inman (44) found the average inclination of the subtalar axis 
from the horizontal plane on the sagittal plane to be 42 degrees 
(ranging from 20 to 68 degrees). If the inclination of the axis is 
45 degrees, rotation of the tibia and calcaneus has a one-to-one 
relationship. The more horizontal the axis, the more the calca-
neus rotates and the less the leg rotates. Because the metatarsals 
of the forefoot appear to remain stationary, this calcaneal rotation 
is not very obvious during walking. Inman’s studies concluded that 
approximately half of the population has some linear displacement 
of the talus along the axis with movement in the subtalar joint.

Ankle Sprains
Lateral Stabilizing Ligaments and Ankle Sprains
Ankle sprains are very common in a general practice. When a 
patient presents with ankle trauma, the Ottawa ankle rules (45) 
help determine when a radiograph is needed to rule out a fracture 
(Fig. 42.18). This test has a sensitivity of nearly 100% and a modest 
specifi city; its use calculated to reduce unnecessary radiographs by 
30% to 40% (46).

Approximately 80% of all sprains are of the supination type 
(47). The supination position, which includes the less stable tibi-
otalar plantar fl exion position, simply predisposes the ankle to liga-
mentous sprain injuries (especially the lateral stabilizing ligaments 
of the ankle). Additionally, somatic dysfunction occurs during the 
mechanism of injury, which extends well beyond the local ligamen-
tous stress (Fig. 42.19).

In a supination sprain, eversion of the calcaneus and poste-
rolateral glide at the talocalcaneal joint occurs. Abrupt stretching 
of the lateral and anterior compartments often initiates peroneus 
(fi bularis) or other MTrPs (Fig. 42.20) (48). The distal fi bula may 
be drawn anteriorly with reciprocal posterior glide of the fi bular 

(shin splints), chondromalacia patellae, plantar fasciitis, and 
Achilles tendinitis.

Normal subtalar joint function is, therefore, critical to normal 
foot and lower-extremity functions (43); it should be a major focus 
of sports medicine physicians. In addition to its shock-absorbing 
function, the subtalar joint acts like a mitered hinge by allowing 
triplanar translation of motion between the foot and the lower 
extremity. Movement of the calcaneus produces leg rotation—
inversion of the calcaneus produces external rotation of the tibia, 
and causes the talus to glide posterolaterally over the calcaneus; 
eversion of the calcaneus produces medial rotation of the tibia and 
anteromedial glide of the talus on the calcaneus. Clinically, these 
mechanics seem to explain the palpable talocalcaneal motions: 

Figure 42-17 Subtalar joint. Persons with fl at feet have a more 
horizontal axis and greater foot motion. Those with a more verti-
cal axis have a more rigid, pes cavus foot. A. Posterolateral glide. 
B. Anteromedial glide. (Illustration by W.A. Kuchera.)

Figure 42-18 Ottawa ankle rules for suspected fracture.

Chila_Chap42.indd   614Chila_Chap42.indd   614 8/6/2010   1:07:42 PM8/6/2010   1:07:42 PM



 42 • LOWER EXTREMITIES 615

A pure inversion sprain can result in sprain of the calcaneo-
fi bular ligament alone. This occurs in basketball players during 
rebounding when they land—without any plantar fl exion—directly 
on the lateral aspect of the foot. An understanding of the biome-
chanics of the foot and ankle explains why this is an uncommon 
ankle sprain.

MEDIAL STABILIZING LIGAMENTS

The deltoid ligament (Fig. 42.22) stabilizing the medial side of the 
ankle is so strong that trauma stressing this structure is more likely 
to fracture a piece of medial malleolus than tear the ligament. The 
Ottawa Ankle Rules for palpatory pain that prompts strong con-
sideration of an ankle radiograph for fracture recognize this (see 
Fig. 42.18). Fortunately, pronation sprains are uncommon. This is 
due both to the strength of the deltoid ligament and the stability 
imparted by gliding the wide portion of the talus into the tibiotalar 
joint during dorsifl exion.

Foot Bones, Joints, and Arches

Structure–Function relationships
The movement of the foot (or pes) is a composite movement of 
the talocalcaneal joint of the hind foot and movement of the fore-
foot about the talonavicular and calcaneocuboid joints. Inversion 
is that movement in which the heel (calcaneus) faces medially as 
the inside edge of the foot is lifted. Eversion occurs when the heel 
faces laterally as the outside edge of the foot is lifted. In the non-
weightbearing foot, inversion and eversion can be applied to the 
forefoot as it moves more medially or more laterally, respectively 
(Fig. 42.23.).

Gray’s Anatomy has described pronation and supination in the 
foot as movements of the forefoot that do not include movement 
of the calcaneus. This is not true with weightbearing and active 
motion. In the upper extremity, pronation and supination are 
movements of the forearm and muscles of the forearm produced by 
supinator and pronator muscles. In the foot, however, there are no 
muscles anatomically labeled as pronators or supinators. An active 
attempt to supinate the foot results in a combination of adduction, 
plantar fl exion, and inversion. Likewise, an attempt to pronate the 
foot results in abduction, dorsifl exion, and eversion.

With weightbearing, supination of the foot is accompanied by 
eversion of the calcaneus and posterolateral glide of the talus with 
respect to the navicular at the talocalcaneal joint.

The foot plays a major role in gait; typically by reciprocally 
refl ecting stability and fl exibility characteristics with the ankle. For 
example, while providing less stability at the ankle, supination locks 
the foot. This allows stabilization at heel strike and propulsion at 
toe-off. Pronation during weightbearing stabilizes the ankle and 
creates eversion of the calcaneus with anterolateral glide of the tal-
ocalcaneal joint. Pronation unlocks the foot for surface adaptation 
and shock absorption during running. The various stages being 
described with respect to the structure–function relationships dur-
ing gait include (Fig. 42.24):

■ Contact stage—The contact stage begins with heel strike on the 
lateral border of the calcaneus. The tibia internal rotation occurs 
to the tibia as the foot pronates at the subtalar joint through the 
contact phase. Contact is made by the fi fth metatarsal with the 
ground as the foot continues rolling medially until the metatar-
sals become fully loaded at the conclusion of the contact phase. 
The contact phase is designed to convert the foot into a mobile 
adaptor and shock absorbing mechanism

head. If the anterior talofi bular ligament is torn, the distal fi bula can 
move posteriorly with anterior glide of the fi bular head. Because 
sprains are traumatically induced, somatic dysfunction might not 
follow simple biomechanical predictions.

Somatic dysfunction does not stop here. The tibia often exter-
nally rotates with an anteromedial glide of the tibial plateau. The 
femur internally rotates. Myofascial forces (postural forces) then 
continue upward into the pelvis and spine. Failure to diagnose and 
treat or rehabilitate beyond the ankle itself increases recurrence 
rates and prolongs the healing and rehabilitation processes. It also 
increases complaints in distant sites due to the patient’s involuntary 
attempts to compensate for continued dysfunction.

Three separate ligaments stabilize the lateral side of the ankle 
(Fig. 42.21). From anterior to posterior, these are the:

■ Anterior talofi bular ligament
■ Calcaneofi bular ligament
■ Posterior talofi bular ligament

Because the biomechanical stresses associated with a supination 
strain progress from anterior to posterior, ankle sprains are often 
named by type according to the extent of ligamentous involvement: 
Type 1 involves anterior talofi bular ligament only; Type 2 involves 
the anterior talofi bular and calcaneofi bular ligaments; and Type 3 
involves all three lateral supporting ligaments.

Classifi cation of sprains by severity was discussed earlier in this 
chapter; a clinical treatment scenario with useful techniques for 
treating a supination sprain appears near the end of this chapter.

Figure 42-19 Supination sprain dysfunctions. Somatic dysfunc-
tions and structural stress occurring in the more common supina-
tion ankle sprain.
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heel, the functional unit has its greatest infl uence during the stance 
phase of the walking cycle. The talonavicular and calcaneocuboid 
joints plus the two small talocalcaneal joints are collectively called 
Chopart joint. When amputating a foot, the surgeon follows the 
articulations of the Chopart joint.

Between the intertarsal joints and the subtalar joint is a groove 
called the sinus tarsi. Attached along this groove is the very strong 
interosseous talocalcaneal ligament that provides stability for the 
subtalar and intertarsal joints. Following injury or overuse, an 
infl ammatory sinus tarsi syndrome may occur leading to medial or 
lateral heel pain on weightbearing; a conservative biomechanical 
approach is typically successful (49).

With internal rotation of the leg and inversion of the heel, the 
lines of the talonavicular and calcaneocuboid axes coincide. This 
produces enough freedom in the transverse tarsal joint so that 

■ Midstance stage—The midstance phase converts the foot from 
a mobile adaptor into a rigid lever. The tibia externally rotates 
during this phase and the foot supinates at the subtalar joint 
preparing the foot for the propulsive phase

■ Propulsive phase—Heel lift commences the propulsive phase. 
The subtalar joint should approach the neutral position just prior 
to heel lift. It is at this point that the forefoot and the rearfoot 
lock together to enable effective toe-off. Supination continues 
during toe-off with the resultant external tibial rotation

TRANSVERSE TARSAL JOINT

The transverse tarsal joint contains the talonavicular and calcaneo-
cuboid articulations, which are separate joints that act together as a 
functional unit. Because it responds to eversion or inversion of the 

Figure 42-20 Supination somatic sources of pain in common supination injury. Muscles are stressed (in order)—
peroneus, tibialis anterior, and extensor digitorum longus—leading to strain or TrPs. Ligaments (lig.) stressed are (in 
order): anterior talofi bular, calcaneofi bular, and anterior tibiotalar. T, talus; N, navicular; C, cuboid leading to sprain.
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FUNCTIONAL ARCHES OF THE FOOT

The two main functional arches of the foot are the longitudinal 
arch (with medial and lateral components) and the transverse arch. 
They are maintained by:

■ Interlocking articular facets of the bones
■ Interosseous ligaments
■ Special fascial sheathes
■ Plantar ligaments
■ Muscles and muscle tendons

A so-called metatarsal arch is not a functional arch; it refers to 
the heads of the fi ve metatarsals. Restrictions or altered relation-
ships here are usually secondary to dysfunction of the other foot 
arches (50).

the forefoot can evert or invert to accommodate for an uneven 
terrain.

When the leg rotates externally and everts the heel on a 
weightbearing forefoot, the transverse tarsal joint appears to 
become more rigid. This is because the two axes do not coincide. In 
this position, the forefoot no longer accommodates for an uneven 
terrain.

As the heel rises in plantar fl exion, the transverse tarsal joint 
must follow the movement about the subtalar axis and invert with 
the heel to assist the toe-off interval.

Figure 42-21 Ligamentous stability of 
the lateral ankle. Consider discussing 
types in legend

Figure 42-22 Deltoid ligament.
Figure 42-23 Combined motions (left foot): Inversion versus 
eversion, supination versus pronation.
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618 III • APPROACH TO THE SOMATIC COMPONENT

muscle and by the tibialis anterior muscle that attaches to the 
medial and undersurface of the fi rst cuneiform and proximal fi rst 
metatarsal (Fig. 42.25B).

PLANTAR LIGAMENTS AND FASCIAE

The plantar aponeurosis extends from the calcaneus to the pha-
langes and encompasses the sesamoid bones under the great toe 
(Fig. 42.26). Functional demand causes chronic stress on this struc-
ture, resulting in so-called plantar fasciitis. Irritation may be caused 
by either excessive pronation or a high-arched cavus foot. With 
time, calcium is laid down along lines of stress, which leads to the 
formation of a calcaneal heel spur. The exact relationship between 
plantar fasciitis and heel spurs is not entirely understood. Some 
argue that the regional condition is a “degenerative fasciosis with-
out infl ammation” (51), rather than a true fasciitis that would also 
bring the use of steroid injections as a treatment for either condi-
tion into question. Consider as well that 60% to 70% of patients 
with plantar fasciitis have a heel spur that can be seen on an x-ray; 
however, many patients without symptoms of pain can have a 
heel spur.

Plantar fasciitis affects approximately 10% of runners and 
a similar proportion of the general population at some point 
in life (52). It is typically worse in the morning and after sit-
ting for a long period. Approximately one third of patients have 
the condition bilaterally and only about 20% have flat feet (53). 
MTrPs in the soleus muscle will also refer to pain to the heel 
and must be considered in the differential diagnosis of heel 
spurs and plantar fasciitis (54). Even in absence of soleus TrPs, 
studies document strength and flexibility deficits in the sup-
porting musculature of the posterior calf and foot on the side 
affected by plantar fasciitis (55). These anatomical and physi-
ological alterations create a functional deficit in the normal foot 
biomechanics. Correction of such underlying biomechanical 
dysfunctions in the foot and calf along with weight reduction 
for overweight patients is the treatment of choice; surgery is 
rarely necessary and the scar from the surgery may even aggra-
vate the condition.

The long plantar ligament runs from the calcaneus to the lateral 
three metatarsals (see Fig. 42.26). It forms a tunnel for the pas-
sage of the peroneus longus muscle as that tendon passes under the 
foot to the fi rst cuneiform and fi rst metatarsal. The short plan-
tar ligament is, by defi nition, short. It lies medial to the lateral 
longitudinal arch and is attached between the calcaneus and the 
proximal end of the cuboid. The spring ligament (calcaneonavicu-
lar), which strengthens the medial longitudinal arch, runs from the 
sustentaculum tali of the calcaneus to the navicular.

Longitudinal Arch
The longitudinal arch, which is supported by the tibialis posterior 
muscle, is divided into medial and lateral components. Its tendon 
attaches to the navicular, fi rst cuneiform and bases of the sec-
ond, third, and fourth metatarsals. The bony lateral longitudinal 
arch is the calcaneus, the cuboid, and the fourth and fi fth meta-
tarsals. The bony medial longitudinal arch consists of the talus, 
navicular, the three cuneiforms, and the fi rst three metatarsals 
(Fig. 42.25A).

Transverse Arch
The transverse arch is composed of the cuboid, the navicular, the 
three cuneiforms, and the proximal ends of the metatarsals. This 
arch is supported inferiorly by the peroneus (fi bularis) longus 

Figure 42-24 Feet in the motion cycle of walking.

Figure 42-25 Supports of the (A) longitudinal and (B) transverse 
arches of the foot. 1, plantar aponeurosis, abductor digiti minimi, 
and fl exor digitorum brevis IV and V; 2, long plantar ligament; 3, 
short plantar ligament; P, phalanges. (From Hamilton JJ, Ziemer LK. 
Functional anatomy of the human ankle and foot. In: AAOS Sympo-
sium on Foot and Ankle. St. Louis, MO: CV Mosby, 1983:13.)
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changes with associated biomechanical effects and related somatic 
dysfunction.

Hallux Valgus, Bunions, and Hammer Toes

Hallux valgus is a structural deformity resulting from the contrac-
ture of various periarticular structures of the fi rst metatarsophalan-
geal joint—it is progressive.

Bunion protrusion is accentuated by varus deviation of the 
fi rst metatarsal. Muscle imbalance aggravates symptoms, but sur-
gical intervention of the structure may be required for symptom-
atic relief. Applying counterstrain OMT to a tender point on the 
medial aspect of the great toe often provides symptomatic relief.

Hammer toes are often functional and can be associated with 
MTrPs in the dorsal interossei. Deformation might disappear after 
treatment of this particular somatic dysfunction (59).

Somatic Dysfunction–Related Elements

Tarsal Somatic Dysfunction
Somatic dysfunction of the tarsal bones (cuboid, navicular, or cune-
iforms) is relatively common. In middle- and long-distance run-
ners, these bones might even sublux.

Somatic dysfunction of the cuboid involves the edge nearest the 
middle of the foot. This edge glides toward the plantar surface of the 
foot and rotates laterally around its AP axis; somatic dysfunction of 
the navicular involves the edge nearest the middle of the foot gliding 
toward the plantar surface and rotating medially around its AP axis 
(Fig. 42.27). Cuneiform somatic dysfunction usually manifests as a 
consequence of the second cuneiform gliding directly plantarward.

Pes Planus and Pes Cavus

By observation alone, most experienced clinicians are able to agree 
if a foot is pronated (fl at), supinated (cavus), or rectus (normal) 
(56); unfortunately, observation of the static foot is much less rel-
evant than its dynamic properties (57).

Persons with pes planus (fl at foot) have a defect of the foot that 
eliminates their arch; they have a more horizontal subtalar axis and 
greater motion in their feet. This explains why they break down 
their shoes quickly and prefer to go barefoot. The condition is 
most often inherited; however, arches can also fall in adulthood, 
in which case the condition is sometimes referred to as posterior 
tibial tendon dysfunction. This occurs most often in women over 50, 
but it can occur in anyone. Risk factors for developing pes planus 
include obesity, diabetes, surgery, injury, rheumatoid arthritis, or 
use of corticosteroids; some studies suggest that the earlier in life 
that children start wearing shoes, the more likely the risk of a fl at 
foot later on. Unilateral fl at foot can sometimes account for a genu 
valgus and knee pain or a functional short leg on the same side with 
secondary postural changes above. It can also be problematic if the 
foot is unable to supinate during the propulsive phase of gait.

Persons with pes cavus (high arch) have a more vertical subtalar 
axis angle; biomechanically, they have a more rigid foot and a less 
stable ankle. Therefore, athletes with pes cavus have a greater risk 
of lateral foot injuries such as stress fractures of the fi fth metatarsal 
and ankle sprain (58).

METATARSAL AND PHALAGEAL FINDINGS

Hallux valgus and bunions have a signifi cant hereditary compo-
nent; hammer toes are acquired. Each of these manifests structural 

Figure 42-26 Plantar ligaments supporting 
the arches of the foot.
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It also involves compression or, less commonly, traction.
Indirect stacking OMT techniques are especially helpful in 

jammed toes. A stacking technique is one where the physician 
moves a joint in the direction of preference in all of its planes, 
stacking one motion upon the other. Compression or traction is 
then applied to that combined position. The technique may require 
holding the position of ease for 90 seconds or until the joint ten-
sions relax. The joint is then slowly returned to a neutral position 
and rechecked for motion.

Somatic dysfunction of these tarsal bones can be diagnosed by 
the combination of tenderness and increased tissue tension over the 
plantar surface of each of these bones. Osteopathic manipulative 
treatment (OMT) is effective, although some patients fi nd orthot-
ics to modify predisposing biomechanical factors useful as well.

There are fi ve metatarsophalangeal joints. As the forefoot 
inverts with plantar fl exion, the body weight is transferred to these 
articulations for push-off. Foot structure provides two functional 
axes for push-off: an oblique axis that passes through the heads 
of the second through fi fth metatarsals, and a transverse axis that 
passes through the heads of the fi rst and second metatarsals.

Structurally, a Dudley J. Morton foot is characterized by a short 
fi rst metatarsal that is not designed to accept the normal weight-
bearing function involved in the push-off portion of gait. Callus 
forms under the second and third metatarsal heads as they assume 
the weightbearing function. Increased functional demand remod-
els bone. This results in thickening of the second metatarsal; the 
thickening is evident on x-ray fi lms. Painful walking in 76% of 
soldiers suffering as a consequence of this condition was relieved 
by treatment of an in-shoe orthotic (60) to add support under the 
short fi rst metatarsal to modify the structure–function relation-
ships and OMT to permit realignment. This foot confi guration 
has been identifi ed as one of the perpetuating and precipitating 
factors of Travell MTrPs and muscle imbalance as distant as the 
temporomandibular joint (61). Figure 42.28 shows an orthotic 
used to modify structure–function relationships in Morton foot.

Somatic Dysfunction

Somatic dysfunction of the tarsometatarsal, metatarsophalangeal, 
and interphalangeal joints involves their minor motions:

■ Plantar or dorsal glide
■ Internal or external rotation
■ Lateral or medial glide

Figure 42-28 Orthotic used to modify structure–function rela-
tionships in Dudley J Morton foot. Toe portion of the sole insert is 
removed so support is under only the fi rst metatarsal head. Lateral 
side of the support must not extend under second metatarsal head. 
Insert should reach to the distal end of the fi rst metatarsal.

Figure 42-27 Navicular, cuboid, and cuneiform somatic 
dysfunction; relation to supports of the transverse arch of 
the foot. Stippled tube represents tendon of tibialis poste-
rior; black areas represent oblique head of adductor hallucis. 
(From Hamilton JJ, Ziemer LK. Functional anatomy of the 
human ankle and foot. In: AAOS Symposium on Foot and 
Ankle. St. Louis, MO: CV Mosby, 1983:13, with permission.)
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or mass lesion. Regardless of the cause, there are relatively 
predictable structural and functional effects that need to be evalu-
ated in the lower extremities. History and physical fi ndings will 
uncover patterns of lower extremity sensory changes, pain, and 
refl ex changes as well as muscle weakness, atrophy, predisposition 
to TrPs, and imbalance. The diagnosis of lumbar or upper sacral 
radiculopathies by electromyography focuses on the discovery of 
fi brillation potentials in patterns of lower extremity muscles shar-
ing a common involved nerve root.

L4 radiculopathy is suspected when there is a reduction of the 
patellar deep tendon refl ex, dysesthesia in the L4 distribution and 
patterns of weakness, cramping, or TrPs in those muscles inner-
vated by the L4 nerve root, such as the quadriceps and tibialis ante-
rior. Often, a patient exhibiting these symptoms will complain that 
a knee gives way or that climbing stairs is diffi cult.

L5 radiculopathy has no abnormal deep tendon refl ex; it is sus-
pected when there is dysesthesia in the L5 distribution and pat-
terns of weakness, cramping or TrPs in the gluteus medius and 
ankle dorsifl exors, such as tibialis anterior, extensor hallucis, and 
extensor digitorum brevis. This patient may often complain of trip-
ping over carpets or “small cracks in the sidewalk” because of a 
foot drop.

S1 radiculopathy is suspected with reduction of the Achilles 
deep tendon refl ex, dysesthesia in the S1 distribution, and patterns 
of weakness, cramping, or TrPs of intrinsic foot muscles, the gas-
trocnemius-soleus complex and the buttock/gluteal muscles. This 
is the most common radiculopathy, often resulting from a herni-
ated disc between L5 and S1.

Acute lumbosacral radiculopathies are capable of disturbing 
effi cient gait and have a signifi cant impact on the bioenergic and 
biomechanical structure-function models of osteopathic care. Even 
after their resolution, chronic changes such as atrophy and residual 
lower extremity muscle weakness can continue to disturb effi cient 
gait. Muscles in the particular radicular pattern are also at high risk 
to develop MTrPs.

Other Neural Patterns
Pain descriptions and pattern distributions extend beyond dyses-
thesia or anesthesia associated with a nerve root or dermatomal 
pattern. Other lower extremity patterns of pain occur in scleroto-
mal and myotomal distributions. Often, the pain quality and pat-
terns are mixed. For example, pain patterns referred from the facet 
joints of the lumbar spine (sclerotomal structures) overlap MTrP 
pain (Fig. 42.30) that arises from the following muscles (myotomal 
structures) (62):

■ Multifi di
■ Quadratus lumborum
■ Glutei
■ Piriformis
■ Obturator internus

Myotomal pain referral often results in a sensation described as a 
charley horse or a crampy sensation that reaches out and grabs with a 
particular movement. A myotomal distribution is associated with 
the location of muscles that share the same neural innervation and 
the trophic substances conveyed by neural axoplasmic fl ow. Muscle 
innervations are reviewed in Tables 42.2 to 42.4. Pathological or 
biomechanical entrapment of a nerve root, plexus, or peripheral 
nerve can leave weakness or TrPs in the muscles distal to that site 
in the particular neural pattern associated with the involved struc-
ture, even after the pain resolves. Reinnervation associated with 
processes leading to axonotmesis (or higher degree injury) typically 
occurs at a rate of one inch per month; muscles not supported by 

SOMA: NEUROMUSCULAR STRUCTURE AND 
FUNCTION

With respect to the lower extremities, the osteopathic neurological 
model considers the motor and sensory innervations of somatic 
structures in the region as well as the infl uence of spinal facilita-
tion, proprioceptive function, the autonomic nervous system, and 
the various processes leading to the phenomenon of pain referral. 
Therapeutic application of OMT within this model focuses on the 
reduction of mechanical stresses, balance of neural inputs, reduc-
tion of pain with elimination of nociceptive drive, and coordination 
of processes in the motion cycle of walking.

Differential Diagnosis of Neuromuscular Conditions

A traditional neurological examination used to rule out associated 
neurological diseases or structural problems affecting the nervous 
system is a part of the lower extremity work-up. At a minimum, 
this should include Achilles and patellar deep tendon refl exes, 
assessment for ankle clonus, straight-leg raising assessment, and 
evaluation of lower extremity muscle tone, strength, fl exibility, and 
coordination. Palpation of potential entrapment structures or sites 
is important. Evaluation of sensation can be indicated as well.

Upper motor neuron disorders are characterized by hyperre-
fl exia and associated pathological refl exes such as ankle clonus or 
Babinski upgoing toe refl ex. Lower extremity muscles may demon-
strate spasticity or rigidity.

Lower motor neuron disorders are generally characterized by 
hyporefl exia accompanying muscle weakness or fl accidity. Derma-
tomal patterns of pain and/or dysesthesia associated with radicular 
(nerve root) problems in the lower extremities follow general pat-
terns as depicted in Figure 42.29. Depending on the location of 
the lower motor neuron problem, the pattern might be that of a 
plexopathy, a neuropathy, or a peripheral neuropathy instead of a 
radiculopathy. In any case, reviewing the lumbar and pelvic regions 
is necessary to thoroughly understand the neuromuscular problems 
affecting the lower extremities.

Radicular Patterns
Radiculopathy might have as its cause, for example, a herniated 
nucleus pulposus, osteoarthritic spur, advanced spondylolisthesis, 

Figure 42-29 A. Peripheral nerve patterns. B. Dermatomal or 
radicular (nerve root) patterns. (Illustration by W.A. Kuchera.)
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Figure 42-30 Travell MTrP patterns.
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T A B L E  4 2 . 2

HIP Joint Myofascial Dysfunction: Structure and Clinical Impact

Structure → Functional Anatomical Features Clinical Implications of Somatic Dysfunction

Hip Flexors
Iliopsoas (L1-4; innervation from ventral rami)—
attachments L12-5 to femoral lesser trochanter
 •  Activation: strongest flexor of thigh; flexes spine 

to bend
 •  Activation with feet planted: bends spine 

forward
 • Standing normally extends lumbar lordosis

Postural muscle (hypertonic when stressed)
 •  History/Symptoms: Activated by sit-ups or bending 

over a low table; Aggravated by weight-bearing; 
relief recumbent with knees bent

 • Referral: To back and anterior groin
 •  Exam: Positive Thomas test; psoas posturing or 

psoas syndrome; tender over iliacus or psoas 
counterstrain points; may have L1 or L2 Fryette 
II dysfunction; chronic psoas contracture might 
demonstrate lumbar hyperlordosis and a loud 
audible pop (psoas tendon) during the Thomas test

Pectineus (L2-3; femoral ± obturator n)
 •  Activation: flexion and adduction of thigh 

at hip
 • Designed for power not speed

Postural muscle (hypertonic when stressed)
 • Referral: As deep-seated groin ache

Other contributors to hip flexion: sartorius; thigh 
adductors; tensor fascia latae; and rectus femoris 
(only when knee extended)

Sartorius is the “tailor muscle” flexes, abducts, and 
externally rotates the hip; TFL tightens the iliotibial 
band to increase power of hip flexors and it steadies 
the trunk on the thigh

HIP Extensors
Gluteus maximus (L5-S2; inferior gluteal n)
 • Activation: Most powerful extensor of thigh
 •  Location/size unique; provides anatomic basis for 

upright posture; Type I (slow twitch) ms fibers suited 
for continuous postural use

Phasic muscle (inhibited when stressed)
 •  History/Symptoms: Restlessness; sit or 

walk uphill = pain
 • Referral: To buttock
 • Exam: Antalgic gait

Hamstrings (L5-S2; sciatic nerve)
 • Activation: Extension during walking
 •  Activation: Restrains hip flexion produced by 

body weight during stance phase of walking

Postural muscle (hypertonic when stressed)
 •  History/Symptoms: Perpetuated by chair pressure 

under thighs; pain sitting and walking; disturbs sleep
 • Referral: To posterior thigh
 •  Exam: Decreased hip flexion with straight-leg 

raising test
Adductor magnus—ischiocondylar portion (L4-S1; 
sciatic innervation)
 •  Only portion of adductor magnus assisting flexion 

and then only when the femur is flexed more than 70°

Postural muscle (hypertonic when stressed)
 • Referral: To inner thigh

HIP Abductors
Gluteus medius (L4-S1; superior gluteal innervation) 
and Gluteus minimus (L4-S1; superior gluteal n)
 •  Activation: Stabilizes pelvis during single limb 

stance = Prevents nonstance innominate from 
falling inferior (negative Trendelenburg)

 • Activation: internal rotators of the hip

Phasic muscles (inhibited when stressed)
 •  History/Symptoms: TrPs aggravated by walking, 

slouching in chair, or lying on back
 •  Referral: G. medius to posterior iliac crest, sacroiliac 

joint, sacrum, and minor to buttock
 •  Referral: G. minimus to buttock, lateral and 

posterior thigh; mistaken for L5 or S1 radiculopathy 
(but may coexist)

 •  Exam: Positive Trendelenburg test = weakness 
in hip abductors; antalgic Trendelenburg 
gait = “abductor lurch”

Piriformis (S1-2; piriformis nerve innervation)
 •  Activation: Acts as abductor when thigh flexed (only 

externally rotates with knee extended)
 •  Location: Might entrap entire or peroneal portion of 

sciatic nerve

Postural muscle (hypertonic when stressed)
 •  History/Symptoms: Perpetuated by sacroiliac 

somatic dysfunction (especially sacral shear) or 
irritation (sitting on billfold); might have fallen/
missed step; may see foot drop

(continued )
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T A B L E  4 2 . 3

Knee Joint Myofascial Dysfunction: Structure and Clinical Impact

Structure → Functional Anatomical Features Clinical Implications of Somatic Dysfunction

Knee Flexors
Biceps femoris (L5-S2; sciatic n. long head = tibial portion; 
short head = peroneal portion); Attachment—both heads 
plus semimembranosus establish a tripartite anchor on the 
fibular head
 • Long head crosses both hip and knee
 • Short head crosses only knee
 •  Short head active in knee flexion for toe clearance 

during walking
 •  Active contraction also induces some external rotation 

of the knee

Postural muscle (hypertonic when stressed)
 •  History/Symptoms: Often wakes patient at night
 •  Referral: Distalward from TrPs in the posterior thigh 

to the back of the knee or to the region of the 
fibular head

(continued )

T A B L E  4 2 . 2

•  Referral: to pelvic floor; sciatica to knee if entrap 
sciatic n.

 •  Associated with pelvic floor dysfunction, 
dyspareunia, prostatodynia

Hip abductors to lesser extent: Sartorius, gluteus 
maximus, iliopsoas, and obturator internus 
(when thigh is flexed only)
HIP Adductors
Adductor longus, brevis, and magnus (L2-4; obturator 
innervation)
 •  Activation: Early in swing phase, muscles pull limb 

toward midline

Postural muscle (adductor magnus hypertonic when 
stressed)
 •  Referral: To inguinal ligament, inner thigh, and 

upper medial knee
HIP External Rotators
Obturator internus (L5-S2; n to obt. Internus)
 •  Activation: When the thigh is extended, causes 

external rotation at hip (when flexed, causes 
abduction)

Phasic muscles (inhibited when stressed)
 •  History/Symptoms: Responsible for pelvic floor 

symptoms (fullness in rectum)
 •  Referral: to anococcygeal region (some to 

posterior thigh)
Piriformis (S1-2; innervation from branches of S1-2 
ventral rami)
 •  Activation: External rotator only when femur is 

extended (acts as abductor when thigh flexed)
 •  Location: Might entrap entire or peroneal portion 

of sciatic nerve

Postural muscle (hypertonic when stressed)
 •  History/Symptoms: Perpetuated by sacroiliac 

somatic dysfunction (especially sacral shear) or 
irritation (sitting on billfold); might have fallen or 
missed step; may see foot drop

 •  Referral: To pelvic floor; sciatica to knee if entrap 
sciatic n.

 •  Associated with pelvic floor dysfunction, 
dyspareunia, prostatodynia

HIP Internal Rotators
Gluteus medius and gluteus minimus (L4-S1) See hip abductors above
Hip internal rotation also from: gemelli and quadratus 
femoris (L4-S1); less from piriformis (S1-2 )

(Continued )
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Semimembranosus and semitendinosus 
(L5-S2; sciatic n. tibial portion)
 • Also hip extensors
 •  Hamstrings are not consistently active for knee flexion 

during walking (passive knee motion when the hip is 
flexed is more common)

 •  Active contraction also induces some internal 
rotation of the knee

Postural muscle (hypertonic when stressed)
 •  History/Symptoms: aggravated by walking often 

causing limp; TrPs often misdiagnosed as “sciatica” 
or “osteoarthritis of the knee” or “growing 
pains”a; TrPs remaining post-op often cause of 
“postlaminectomy syndrome”

 • Referral: proximally to lower buttock
 •  Exam: Tightness in the hamstrings is associated with 

secondary inhibition and laxity of the gluteal muscles
Also popliteus and gastrocnemius
 •  Popliteus initiates flexion from fully extended knee 

before hamstrings act
Knee extensors
Quadriceps (L2-4; femoral n.); Attachments—All four 
tendons unite into patellar tendon with patella; anchored 
to tibial tuberosity by patellar ligament
 •  Rectus femoris crosses both hip and knee joints 

(proximal attachment to anterior posterior iliac spine 
[ASIS]); also a hip flexor

 • Three vasti cross only knee joint
 •  Q-angle is the quadriceps angle measured from ASIS 

to midpatella to tibial tuberosity

Rectus femoris is a postural muscle (hypertonic when 
stressed); the other quadriceps are phasic muscles 
(inhibited when stressed)
 •  History/Symptoms: Thigh and knee pain and 

weakness of knee extension especially going up 
stairs; may interrupt sleep. TrPs in v. medialis cause 
“buckling knee” and may cause patient to fall; TrPs 
in v. lateralis may restrict motion of the patella; 
pain with walking; TrPs in v. intermedius create 
difficulty straightening knee after prolonged sitting

 •  Referral: Anterior knee pain is referred from v. 
medialis and rectus femoris; Posterior knee pain 
and pain anywhere along the lateral thigh to the 
iliac crest referred from v. lateralis

 •  Exam: Include Q-angle and patellar grind tests; 
Imbalance in quadriceps with one another or with 
the hamstrings predispose to chondromalacia 
patellae (as does an increased Q-angle); Direct 
trauma to the quadriceps should be observed for 
myositis ossificans

Knee external rotator
Biceps femoris (L5-S2; sciatic n.)
 • Also a knee flexor

See description with Knee Flexors above

Knee internal rotators
Popliteus (L4-S1; tibial n.)
 •  Unlocks knee at the start of weight bearing by 

“externally rotating the thigh on the fixed tibia”; 
internally rotates tibia when thigh is fixed

 •  History/Symptoms: Aggravated by braking forward 
motions during twists (e.g., skiing), high heels by 
excessive foot pronation and by training on uneven 
ground

 •  Prevents posterior glide of tibia relative to 
femur while crouching

 •  Referral: Pain behind the knee when crouching, 
walking down stairs, or running downhill

 •  Exam: Mimics symptoms of Baker cyst but no 
associated swelling in the region

Semimembranosus and semitendinosus
 •  Also knee flexors (primary)

See description under Knee Flexors above

Also sartorius (L2-3; femoral nerve) and gracilis (L2-3; 
obturator n.)
 •  Sartorius is the longest muscle in the body crossing 

both hip and knee; it is a hip flexor and knee internal 
rotator

 •  Gracilis is the second longest muscle in the body 
crossing hip and knee

 •  Pain from the sartorius in the anterior thigh is 
superficial and described as tingling or sharp; 
may exhibit symptoms of meralgia paresthetica 
(entrapment of lateral femoral cutaneous nerve)e

 •  Pain from gracilis is a hot stinging, superficial 
pain in the medial thigh; it may be relieved by 
walking

(Continued )
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T A B L E  4 2 . 4

Ankle-Foot Joints Myofascial Dysfunction: Structure and Clinical Impact

Structure → Functional Anatomical Features Clinical Implications of Somatic Dysfunction

Ankle dorsiflexors
Tibialis anterior (L4-S1; deep peroneal n.)
 •  An anterior compartment muscle
 • A dorsiflexor at the talotibial joint
 •  Also supinates foot at the talocalcaneal 

and transverse tarsal joints

Phasic muscle (inhibited when stressed)
 •  History/Symptoms: Might complain of tripping over carpets, 

dragging foot, or “foot slap”. Weakness in muscle may be 
caused by L5 radiculopathy, peroneal mononeuropathy, the 
habit of crossing the legs at the knee, or posterior fibular 
head somatic dysfunction

 •  Referral: Pain and tenderness referred into great toe and 
anteromedial ankle

 •  Exam: Weakness leads to varying degrees of foot drop (rule 
out other causes)

Extensor digitorum longus (L4-S1; deep 
peroneal n.)
 •  Also everts the foot balancing inversion 

of tibialis anterior
 • Helps prevent posterior postural sway

 •  History/Symptoms: Dysfunction often results in 
foot slap after heel strike

 • Referral: Dorsum of foot and ankle
 •  Exam: TrPs might entrap deep peroneal 

n fibers; Ms imbalance → formation of 
hammer toes

Peroneus tertius (L5-S1; deep peroneal n.); 
Attachment—Tendon passes in front of lateral 
malleolus to insert on proximal 5th metatarsal
 • An anterior compartment muscle
 • A dorsiflexor at the talotibial joint
 • Also everts foot

Phasic muscle (inhibited when stressed)
 •  History/Symptoms: Weakness in ankle dorsiflexion 

predisposing to ankle instability and repeat sprains; Might 
be mistaken for ankle arthritis. Weakness in muscle might be 
caused by L5 radiculopathy, peroneal mononeuropathy, the 
habit of crossing the legs at the knee, posterior fibular head 
somatic dysfunction or prolonged immobilization (as in an 
ankle cast)

 •  Referral: Anterolateral ankle and sometimes to lateral heel
 •  Exam: Failure to identify and treat TrPs post-ankle sprain 

can prolong rehabilitation process
Ankle plantar flexors
Gastrocnemius (L5-S2; posterior tibial n.); 
Attachment—shares Achilles tendon 
attachment to calcaneus
 •  Gastrocnemius-soleus complex referred 

to as triceps surae; constitutes close 
functional unit

Postural muscle (hypertonic when stressed)
 •  History/Symptoms: Often nocturnal leg cramps;“tennis leg” 

(partial tearing of gastrocnemius) with a sudden intense 
calf pain, as if kicked, followed by swelling and local 
tenderness

 •  Referral: Upper posterior calf and/or 
to instep

 •  Exam: Failure to recognize “tennis leg” might 
lead to a posterior compartment syndrome

Soleus (S1-2; tibial n.); Shares Achilles attachment 
to calcaneus
 •  Gastrocnemius-soleus complex constitutes 

close functional unit
 •  Soleus function during gait is to add to knee 

and ankle stability
 •  Acts as “second heart”g in moving venous 

and lymphatic fluid from lower extremity 
(e.g., fainting 
with military “attention” position)

 •  Also aids in inversion of foot and extension 
of knee

Postural muscle (hypertonic when stressed)
 •  History/Symptoms: pain severe walking up 

hill or stairs; May cause growing pains in 
children

 •  Referral: Heel pain with TrPs in this muscle and/or may refer 
proximally to sacroiliac joint or even temporomandibular 
joint

 •  Exam: May restrict dorsiflexion at ankle; Soleus TrPs easily 
mistaken for Baker cyst, thrombophlebitis, and/or Achilles 
tendinitis

(continued )
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Peroneus (Fibularis) longus and brevis (L4-S1; 
superficial peroneal n.) 
Attachments—p. longus attaches to fibular head 
and to upper 2/3 of lateral fibula, crosses behind 
the lateral malleolus over the cuboid, and divides 
to attach to the 1st cuneiform and the base of the 
1st metatarsal; p. brevis travels with p. longus 
but inserts on the lateral aspect of the 5th 
metatarsal
 • Lateral compartment muscles
 • Plantar flex and pronate foot

Phasic muscles (inhibited when stressed)
 •  History/Symptoms: TrPs initiated by inversion twisting of 

ankle or prolonged immobilization in ankle cast; Predispose 
to weak ankles and recurrent sprains; Pain easily mistaken for 
arthritis in ankle; numbness often noted in web of great toe

 •  Referral: Lateral malleolus and some of lateral leg
 •  Exam: May have deep peroneal nerve entrapment with 

some foot drop; p. longus and brevis aggravated by Morton 
foot structure;TrPs in p. longus can entrap the common 
peroneal nerve and weaken both anterior and lateral 
compartment muscles

Foot supinators
Tibialis anterior (L5-S1; deep peroneal n.)
 • An anterior compartment muscle
 •  Supinates foot at talocalcaneal and 

transverse tarsal joints
 • Also dorsiflexes at the talotibial joint

Phasic muscle (inhibited when stressed)
 •  History/Symptoms: patients may complain of tripping 

over carpets, dragging foot, or “foot slap.” Weakness 
in muscle may be caused by L5 radiculopathy, peroneal 
mononeuropathy, the habit of crossing the legs at the knee, 
or posterior fibular head somatic dysfunction

 • Referral: Great toe and anteromedial ankle
 •  Exam: Weakness leads to varying degrees of foot drop

Foot pronators
Peroneal (Fibularis) muscles (L5-51; deep 
peroneal n.); Attachment—Tendon passes in 
front of lateral malleolus to insert on proximal 
5th metatarsal ( p. longus and brevis are lateral 
compartment ms’s; p. tertius is an anterior 
compartment muscle)
 •  All pronate the foot (eversion and 

abduction)
 •  p. tertius also dorsiflexes at the 

talotibial joint
 • p. brevis and longus also plantar flex

Phasic muscles (inhibited when stressed)
 •  History/Symptoms: May be mistaken for ankle arthritis. 

Weakness in muscle may be caused by L5 radiculopathy, 
peroneal mononeuropathy, the habit of crossing the legs 
at the knee, posterior fibular head somatic dysfunction, or 
prolonged immobilization (as in an ankle cast)

 •  Referral: Lateral ankle and foot; sometimes to lateral heel
 •  Exam: Failure to identify and treat TrPs post-ankle sprain 

can prolong rehabilitation process Weakness in ankle 
dorsiflexion predisposing to ankle instability and repeat 
sprains

Foot and/or toe flexors
Flexor digitorum longus (L5-S1; tibial n.)  •  History/Symptoms: TrP perpetuation by Morton foot, 

running on uneven ground, or barefoot in the sand; Pain 
worse with walking

 • Referral: Sole of foot
Flexor hallucis longus (L5-S2; tibial n.)  •  History/Symptoms: TrP perpetuation by Morton foot, 

running on uneven ground or barefoot in the sand
 •  Referral: Plantar surface of great toe and first metatarsal 

head
Also intrinsic foot muscles  •  History/Symptoms: Intolerably sore feet, limited walking 

range, limp
Foot and/or toe extensors
Extensor digitorum longus (L4-S1; 
deep peroneal n.)

See above under Ankle Dorsiflexors

Extensor hallucis longus (L4-S1; 
deep peroneal n.)

 •  Dysfunction makes foot less adaptable to the ground while 
walking

 •  History/Symptoms: TrPs may be perpetuated by L4-5 
radiculopathy; often created following anterior compartment 
syndrome, prolonged jogging, or dorsiflexed ankle position 
during sleep

 •  Referral: Dorsum of foot at the base of the great toe
Also intrinsic foot muscles  •  History/Symptoms: Intolerably sore feet, limited walking 

range, limp

(Continued )
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Referral from Lumbopelvic Structures
In addition to lumbar nerve roots and sclerotomes discussed ear-
lier, a number of other lumbopelvic region myofascial, arthrodial, 
ligamentous, and visceral structures commonly refer pain to the 
inguinal area or hip. Somatic examples include iliolumbar and pos-
terior sacroiliac (PSI) ligaments (64), quadratus lumborum muscle 
(65), and lumbar zygapophysial joints (66). Referral from visceral 
structures in this region are also often seen—as in a urinary tract 
stone passing down the ureter—radiating pain into the ipsilateral 
fl ank and the inner thigh region (67). Tissue texture changes in 
the form of Chapman refl exes may also occur as seen along the 
iliotibial band in patients with colon, prostate, or broad ligament 
viscerosomatic conditions (68).

Referral Originating in the Lower Extremities

Structures in the pubic or hip region often refer pain to the knee. 
For example, an adolescent male with knee pain and no sign of 
knee dysfunction or structural abnormality should have a hip x-ray 
to rule out a slipped capital epiphysis or other hip joint patholo-
gies. Lower extremity MTrPs create predictable patterns of pain 
and dysfunction. In addition, nociceptive input from structures in 
the lower extremity may facilitate areas in the spine at the levels of 
T11-L2 that subsequently initiate symptoms from other structures 
sharing that same innervation (69).

Myofascial Trigger Point Patterns
Myofascial somatic dysfunction in this region leads to a num-
ber of patient symptoms that range from pain to weakness and 
that often limit range of motion and alter joint function. MTrPs 
as described by Travell and Simons also have predictable refer-
ral patterns not associated with dermatomes (see Fig. 42.30 
for a synopsis of representative TrPs associated with the lower 
extremities). By defi nition, these points are a form of somatic 
dysfunction. They represent impaired or altered function of 
myofascial tissues with effects also in related neural, vascular, 
and lymphatic elements. TrPs respond to a wide range of treat-
ment techniques: counterstrain, muscle energy, vapocoolant 
spray and stretch, dry needling, and procaine injection to name 
but a few. It is important however to identify any precipitating 
or perpetuating factors including coexistent lumbosacral radicul-
opathy, muscle imbalance, or poor ergonomics used in a repetitive 
manner.

Integrated Firing Patterns
Asymmetric postural stress creates recurrent and predictable pat-
terns of lower extremity muscle somatic dysfunction that are 
characterized by neuromuscular imbalance or MTrPs. In neuro-
muscular imbalance, stressed postural (antigravity) muscles exhibit 
an increased irritability (short and tight), whereas their antagonists 
demonstrate inhibition (weak and atrophic) (Fig. 42.32) (70). 
When stressed, the iliopsoas, piriformis, hamstrings, gastrocne-
mius-soleus complex, adductor magnus, rectus femoris, and tensor 
fasciae latae all tend to tighten, while the vasti (especially the vastus 
medialis), glutei, peroneus, and tibialis anterior all tend to be inhib-
ited and weak (71). Application of the biomechanical—postural 
model coupled with an understanding of the myotatic unit, muscle 
agonists and antagonists, and patterns of use is necessary for effi -
cient diagnostic and therapeutic approaches to the treatment of 
lower extremity dysfunction that arise from this pattern of neuro-
muscular dysfunction.

this reinnervation growth or by local collateral sprouting within 
an 18-month time frame typically become connective tissue inca-
pable of reinnervation (63).

Sclerotomal referral is a deep, achy sensation that is toothache-
like in quality. Sclerotomal (bony/ligamentous) distribution has 
also been mapped out (Fig. 42.31), but it is often overlooked and 
patients might dismiss it as lower extremity arthritic pain. (Notice 
that different aspects of the knee and the hip joints share the L3 
and L4 sclerotomes.)

In general, referred pain is reproducible; as a consequence, diag-
nosis can be enhanced by stimulating the postulated pain generator 
to cause the pain symptom and by anesthetizing (or deactivating) 
that structure to see if the pain is eliminated. An understanding of 
the patterns associated with each referral improves patient diag-
nosis and treatment design. Failure to appreciate nondermatomal 
patterns may lead a practitioner to ineffectively treat symptoms 
rather than causes or to incorrectly consider a patient with legiti-
mate symptoms a malingerer.

Figure 42-31 Sclerotomal pain patterns. A. Bone; B. Ligaments: 
1. Iliolumbar (ILL); 2. PSI.
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damage from accidental introduction of the injected contents into 
the nerve. A more complete synopsis of the causes of foot drop may 
be found at the end of this chapter in the clinical section.

Numerous other lower extremity neural conditions can be found 
from the iliac region (meralgia paresthetica) to the toes (Morton neu-
roma). These and other conditions can arise from either trauma or 
somatic dysfunction and can be complicated by either. Meralgia 
paresthetica is a consequence of jeans that are too tight or pelvic 
somatic dysfunctions affecting the lateral femoral cutaneous nerve 
as it passes under the inguinal ligament near its attachment at the 

Hip-Thigh Neuromuscular Considerations

Structure–Function Relationships
The muscles of the hip and thigh are generally large and power-
ful. They can be grouped according to their functional role (see 
Table 42.2).

The nerves innervating this region include the largest nerve in 
the body, the sciatic nerve, as well as the gluteal and femoral nerves. 
Based upon their location, some of these nerves are particularly 
vulnerable to trauma.

The sciatic nerve exits the pelvis through the greater sciatic 
notch and divides into a posterior tibial and a common peroneal 
nerve somewhere variably high in the thigh. In most individuals, it 
passes under the piriformis muscle; however, in approximately 10% 
of the U.S. population, the peroneal portion of the sciatic nerve actu-
ally passes through the piriformis muscle (72). (This anatomic varia-
tion occurs in one third of patients of Asian descent.) In the buttock 
or thigh, the sciatic nerve might be affected functionally by the piri-
formis muscle. Primary causes for such piriformis dysfunction can 
arise from direct trauma such as a fall onto one buttock or sitting 
for a prolonged period of time on a hard surface such as a toilet seat. 
Secondary dysfunction of the piriformis might be postural in origin 
or due to articular somatic dysfunctions involving the sacrum (sacral 
shears in particular) or the hip. Because of the close anatomical rela-
tionship between the two, biochemical irritation of the sciatic nerve 
is possible with irritation of the piriformis. Piriformis structure–
function relationships are depicted in Figure 42.33.

Another source of iatrogenic trauma to the sciatic nerve comes 
from accidental injection into the nerve. Because the peroneal fi bers 
are the more superfi cial, they are the most commonly involved in 
injection injuries; the resultant side effects include foot drop. Injec-
tions into the buttocks should be in the upper outer quadrant to 
avoid this problem in general injections; injections for piriformis 
TrPs should avoid steroids to decrease the risk of permanent 

Figure 42-32 Muscle imbalance caused by biomechanical 
stressors.

Figure 42-33 Piriformis structure–function relationships.
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patellar tracking problems might be noted. (See the discussion of 
chondromalacia patellae earlier in this chapter.)

The remainder of the nerve supply in the thigh, leg, and foot is 
derived from the posterior tibial and common peroneal (common 
fi bular) nerves (Fig. 42.34). A vulnerable site for entrapment or 
trauma exists as the common peroneal nerve (common fi bularis 
nerve) passes behind the fi bular head. The tibial nerve supplies 
the posterior compartment of the leg and the muscles of the foot. 
The deep peroneal nerve supplies the anterior compartment of the 
leg with sensation to the webbing between the fi rst and second 
toes. The superfi cial peroneal nerve supplies the lateral compart-
ment of the leg as well as the skin on the anterolateral side of the 
leg and the dorsum of the foot. OMT to the fi bular head is often 
effective in treating this entrapment.

The posterior tibial nerve runs through the tarsal tunnel—a 
narrow space that lies on the inside of the ankle next to the ankle 
bones. The tunnel is covered with a thick ligament, the fl exor reti-
naculum, that protects and maintains the structures, which includes 
the posterior tibial nerve, contained within the tunnel; therefore, 
compression of the posterior tibial nerve at this site is referred to as 
tarsal tunnel syndrome. This syndrome, that causes pain anywhere 
along the bottom of the foot, is often associated with diabetes, back 
pain, or arthritis. It can also be caused by an injury to the ankle, 
such as a sprain, or by a growth, abnormal blood vessels, or scar 
tissue that press against the nerve. A fl at foot increases the risk 
for developing tarsal tunnel syndrome, because the outward tilt-
ing of the heel can produce strain and compression on the nerve. 
Treatment for tarsal tunnel syndrome includes in-shoe orthot-
ics designed to help redistribute weight and take pressure off the 
nerve or corticosteroid injections. Tarsal tunnel syndrome caused 
by known conditions, such as tumors or cysts, might respond better 
to surgery than when the cause is not known.

Example of Differential Diagnosis Considerations: 
Foot Drop

There are numerous sites where structural or functional conditions 
could create weakness in the muscles that help to dorsifl ex the foot. 

anterior superior iliac spine (ASIS); it manifests as superfi cial pain 
and numbness in the anterolateral thigh. Morton neuroma is an 
enlarged nerve that usually occurs in the interspace between the 
third and fourth metatarsals where the local pain is worsened by 
wearing shoes and by walking. Morton neuroma can be diagnosed 
by palpating this interspace and squeezing the forefoot from side 
to side to recreate the patient’s pain or to palpate an audible click 
(Mulder sign).

Knee-Leg-Foot Neuromuscular Considerations

Structure–Function Relationships
Muscles of the thigh and leg that affect knee, ankle, and foot function 
(see Tables 42.3 and 42.4). Several thigh muscles have already been 
described in relation to their effect at the hip. These include the:

■ Hamstrings
■ Rectus femoris
■ Tensor fasciae latae

The hamstrings and the short head of the biceps femoris are the 
chief fl exors of the knee. The hamstrings, by defi nition the muscles 
that attach to the ischial tuberosity, attach to the leg below the knee 
and are supplied by the tibial division of the sciatic nerve (73). The 
head of the biceps femoris crosses the knee and is innervated by 
the peroneal portion of the sciatic nerve. Both heads of the biceps 
femoris also cause external rotation of the knee, while the remain-
ing hamstrings cause internal rotation.

The quadriceps femoris group (three vasti and the rectus femo-
ris) muscles are the chief extensors of the thigh; they are innervated 
by the femoral nerve. While the rectus femoris is a postural muscle 
and can become hypertonic on one side in relationship to tight 
hamstrings on the other side when there is pelvic rotation, the three 
vastus muscles are phasic and become pseudoparetic when stressed. 
Muscle imbalance that leads to MTrPs in the vastus muscles 
(especially vastus medialis) are often responsible for the so-called 
buckling knee syndrome (74). In this syndrome, no other reason 
except the trigger point for failure of the knee—which simply 
gives way without warning—can be identifi ed; however, secondary 

Figure 42-34 Sciatic branches. Nerve supply 
of the lower extremity arising from the sciatic 
nerve and its branches.
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nonunion; somatic dysfunction rarely causes problems with these 
large vessels.

The femoral artery is the major vessel supplying the lower 
extremities. Easily located in the femoral triangle, this artery is 
bounded by the sartorius and adductor muscles and the ingui-
nal ligament. The mnemonic NAVEL provides a reminder of 
the order, from lateral to medial, of the structures in the femoral 
triangle:

Nerve
Artery
Vein
Empty space
Lymphatics

The arterial pulse in the femoral triangle helps to establish all of 
the other palpatory landmarks in this region. Acute loss of pulses 
in the lower extremity is usually a contraindication to the use of 
OMT.

The vascular supply is very poor to the menisci in the knees 
(especially the central section) and to synovial joint tissues in gen-
eral. In large part, nutrition to the joints depends on good blood 
fl ow to the region and subsequent diffusion into the synovial fl uids. 
Metabolic waste products moving out of the arthrodial tissues like-
wise diffuse into the synovial fl uid. This vascular supply limitation 
also affects decisions concerning surgery (79) in meniscal tears:

■ If a tear is within 3 mm of the periphery, it is considered vascular 
and often heals with conservative care.

■ The area 3 to 5 mm from the periphery is considered a gray zone 
and may benefi t from OMT or heat to improve blood fl ow, but 
surgery may need to be considered.

■ More than 5 to 7 mm from the periphery is considered to be 
avascular.

■ Unstable tears or tears within the vascular zone are repairable.

Treatment of somatic dysfunction is postulated to improve blood 
delivery by reducing hypersympathetic activity. This is important 
for the nutritional status of the tissues in the lower extremities. 
It would also benefi t the delivery of medications such as non-
steroidal anti-infl ammatory drugs to target tissues in the lower 
extremities where pharmacological effectiveness is proportionate 

The differential diagnosis of foot drop is therefore quite extensive 
and encompasses systemic conditions such as multiple sclerosis to 
focal conditions such an L5 radiculopathy.

The most common regional neuromusculoskeletal conditions 
in the differential diagnosis include (75) from proximal to distal 
anatomical sites:

■ L5 radiculopathy (e.g., secondary to herniated L4 disc)
■ Cauda equina lesion (e.g., secondary to spinal adhesions)
■ Lumbosacral plexopathy (e.g., secondary to colorectal carcinoma)
■ Sciatic nerve injury (e.g., secondary to injection injury)
■ Peroneal entrapment neuropathy
 ■ At piriformis (e.g., due to piriformis syndrome)
 ■  At fi bular head (e.g., due to posterior fi bular head somatic 

dysfunction or to Baker cyst)
■ Peroneal or tibialis anterior MTrPs (e.g., due to prior severe 

supination ankle sprain)

The dorsifl exors of the foot are primarily phasic muscles (antago-
nists to postural muscles); dysfunction or trigger points in these 
muscles, especially the tibialis anterior, might also lead to weakness 
and a tendency for mild foot drop symptoms especially after using 
the muscle(s) for a period of time (76).

Techniques that remove joint or myofascial somatic dysfunc-
tion in the areas discussed above are considered helpful in reducing 
foot drop symptoms (77,78). Recommended techniques (depend-
ing on the site of entrapment) include:

■ Counterstrain for the piriformis muscle after correction of the 
joints associated with this muscle’s bony attachments (sacroiliac 
and femorohumeral joints)

■ Balanced ligamentous and membranous tension for the fi bular 
head and lower leg interosseous membrane

OTHER RELATED VASCULAR AND 
LYMPHATIC ELEMENTS

Enhancing homeostasis associated with vascular and lymphatic ele-
ments is a signifi cant portion of an integrated osteopathic treatment 
regimen in the lower extremities. By defi nition, removal of somatic 
dysfunction is linked to its infl uence on related neural, vascular, and 
lymphatic elements (Fig. 42.35). As with other regions, the respi-
ratory-circulatory model plays a central role in this aspect of care. 
In the respiratory-circulatory model, both diagnosis and treatment 
of the lower extremity begin proximally and move distally. Termi-
nal lymphatic drainage sites are located just inferior to the inguinal 
ligament in the femoral triangle and as severity increases the con-
gestion extends to fullness in the popliteal region and eventually to 
the tissues around the Achilles tendon. In addition to fullness or 
bogginess, dysfunctional drainage results in tissues that are tight, 
tender, or ticklish. Should one of these peripheral sites be congested 
without the more proximal site(s), this would indicate a localized 
trauma rather than a problem involving the entire lower extremity.

In the lower extremities, a number of potential spaces are sub-
ject to trauma and swelling. Therefore, this section will also focus 
on clinical understanding of compartment syndromes and a num-
ber of bursitis complaints in the lower extremity.

Arterial Supply

The inferior margin of the acetabulum is incomplete, forming an 
acetabular notch through which the hip joint receives its blood ves-
sels (Fig. 42.36). These vessels could easily be disrupted by a femo-
ral neck fracture, which creates the possibility of delayed healing or 

Figure 42-35 Segmental facilitation. Infl uence of somatic dys-
function on normal vascular and lymphatic elements of the lower 
extremity. (From Kuchera ML, Kuchera WA. Osteopathic Consider-
ations in Systemic Dysfunction. 2nd Ed. Rev. Columbus, OH: Grey-
den Press, 1994, with permission.)
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Drainage using the respiratory-circulatory model is the most 
likely added osteopathic component to be used in the treatment 
of swelling in the various compartments and bursae of the lower 
extremities.

Bursae and Bursitis

Bursae are small, synovial tissue-lined structures that help different 
tissues glide over one another, such as a tendon sliding over another 
tendon or bone. A number of bursae are located around the hip, 
knee, and ankle (Fig. 42.37). They may swell and become painful 
when infected or when irritated as a response to direct trauma or 
stresses placed on the joints of the lower extremities.

Bursitis is infl ammation of a bursa. There is palpable swelling 
that can be defi ned and that is sensitive to deep pressure. Pain alone 
in the region of the bursa often leads to misdiagnosis.

Trochanteric Bursitis
In the hip region (see Fig. 42.37), trochanteric bursitis is a common 
clinical diagnosis or, in many cases, a misdiagnosis. The subgluteus 
maximus (trochanteric) bursa lies at the root of the iliotibial tract. 
Here, it separates the greater trochanter of the femur from the con-
verging fi bers of the gluteus maximus and the tensor fasciae latae. 

to tissue or synovial concentration of the drug. Cell bodies for the 
sympathetic nerve supply to the lower extremities’ vasculature are 
found at the level of T11-L2.

Venous and Lymphatic Drainage

The very act of locomotion plays an important role in lymphati-
covenous return. Use of the lower extremity muscles in walking and 
running moves these fl uids through one-way valves back toward 
the central vascular system. OMT to open fascial pathways and 
eliminate MTrPs can improve venous and lymphatic drainage of 
the extremities. Drainage can also be enhanced using a variety of 
lymphatic pump techniques such as those performed on the chest 
cage to maximize pressure gradients between the thorax and abdo-
men or directly through the lower extremities as with the pedal 
pump (Dalrymple) technique (each is described more fully in 
Chapter 51). Lymphatic pumps performed in this manner have 
been shown to be as effective as treadmill or bicycling exercise 
and to release nitric oxide at levels consistent with those produced 
through the upregulation of endothelial nitric oxide synthase (80). 
The Dalrymple pump is contraindicated in patients with positive 
Homans or Moses tests or other fi ndings that suggest deep vein 
thrombosis (81).

Figure 42-36 Hip vasculature. Anatomy of the 
acetabular notch (A) and femoral triangle (B).

Chila_Chap42.indd   632Chila_Chap42.indd   632 8/6/2010   1:07:49 PM8/6/2010   1:07:49 PM



 42 • LOWER EXTREMITIES 633

effusion is so large that the tissues become turgid, a fl uid pulse 
might not be able to create a bulge and the test can provide a false-
negative result. Large effusions are more accurately diagnosed with a 
ballottement test (Fig. 42.38B) in which the kneecap is tapped 
gently (ballotted). A palpable transmission of bony contact is pal-
pated if the effusion is large enough to have distanced the patella 
from the bone behind it.

The superfi cial and deep infrapatellar bursae are less often 
involved in clinical problems.

A Baker cyst arises from enlargement of either the semimem-
branosus bursa or the bursa behind the medial head of the gastroc-
nemius (Fig. 42.39). The swollen cyst is often painful, especially 
with fl exion of the knee, and the swelling is more prominent in the 
standing position. Both of these bursae commonly communicate 
with the synovial cavity of the knee. For this reason, knee trauma 
such as a meniscal tear, or diseases such as rheumatoid arthritis, 
can initiate the cyst. Rupture of a Baker cyst may be misdiag-
nosed as thrombophlebitis; extension of a Baker cyst may compress 
the common peroneal nerve near the fi bular head and lead to a 
foot drop.

Pes Anserine Bursitis
Pes anserine bursitis is a common fi nding in patients or athletes who 
present with complaints of anterior knee pain. The pes anserine 
bursa, along with its associated medial hamstring tendons, is located 
along the proximomedial aspect of the tibia (see Fig. 42.37). This 
condition is usually found in patients who have tight hamstrings, 
although it also can be caused by trauma (as in a direct blow). In 
most patients, pes anserine bursitis is a self-limiting condition that 
responds to a program of hamstring stretching and quadriceps 
strengthening.

The bursa also separates these fi bers from the origin of the vastus 
lateralis muscle. TrPs in any of these muscles can refer pain to this 
site and are commonly misdiagnosed as a trochanteric bursitis; this 
is also the case in quadratus lumborum TrPs (82) and in the liga-
mentous pain referral from iliolumbar ligament (83).

True infl ammation and swelling of the trochanteric bursa 
(trochanteric bursitis) causes an intense pain over the bursal loca-
tion that radiates into the lateral thigh. Palpation of the bursa just 
below the greater trochanter reveals the swelling and heat. Pressure 
applied to this site increases the pain that can be further aggravated 
by walking, hip abduction, or internally rotating the hip. Injection 
of the bursa with a local anesthetic with or without accompanied 
steroids quickly and signifi cantly reduces pain. A higher incidence 
of trochanteric bursitis is found on the long leg side of individuals 
with unequal leg length (84).

Patellar Bursitis
The knee is a common site for trauma to the bursa designed to 
protect the relatively exposed superfi cial structures from injury 
against those underlying them. A large prepatellar bursa separates 
the patella from the skin anterior to it. Infl ammation of this bursa 
from long-term kneeling or from other trauma results in a condi-
tion known as housemaid’s knee.

The suprapatellar bursa connects to the synovial cavity of the 
knee joint and can be used in physical diagnosis to determine if 
knee trauma has caused signifi cant swelling. The physician fi rst 
milks any fl uid in this bursa from the medial to the lateral side. 
Then, by palpating anteromedially for a fl uid wave initiated by a 
gentle squeeze from the anterolateral side of the suprapatellar ten-
don, it is possible to detect 10 to 15 mL of effusion in the knee. 
This bulge test is used for small effusions (Fig. 42.38A). If the 

Figure 42-37 Bursae of the lower extremity.
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Bursa of the Achilles Tendon
In the ankle region, the superfi cial bursa of the Achilles tendon can 
be irritated by poorly fi tting shoes and can swell (see Fig. 42.37). 
This results in a tender pump bump.

Compartments in the Lower Extremity

The lower leg is divided into three compartments (Fig. 42.40):

■ Anterior osseofi brous compartment
■ Lateral osseofi brous compartment
■ Two posterior osseofi brous compartments—deep and superfi cial

Clinically, a compartment syndrome can arise from trauma or vig-
orous overuse, leading to a rise in intracompartmental pressure. 
This in turn compromises the circulation, including venous return, 
within that compartment.

Recurrent mild compartment symptoms are managed with ice 
and OMT. Ice decreases pain and metabolic demand after activ-
ity. OMT also decreases pain and improves venous and lymphatic 
return. Management of coexisting TrPs is also helpful but not with 
injections; they would increase pressure in an already tight com-
partment. Modifi cation of the running surface or the running shoe 
may also be required in order to prevent recurrent compartment 
syndromes.

Figure 42-38 Tests for effusion in the 
knee. The bulge test (A) is useful for fi nd-
ing a minimal amount of effusion in the 
knee. The ballottement test (B) is posi-
tive if there is a large amount of effusion 
present. (Illustration by W.A. Kuchera.)

Figure 42-39 Bursae of the knee and Baker cyst.
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Posterior Compartment
The posterior compartment syndromes typically refer pain antero-
medially. While some reserve the term shin splints only for perios-
titis along the line of attachment of a repeatedly overloaded muscle 
(86), others include posterior compartment syndrome in the differ-
ential diagnosis along with stress fractures of the tibia and chronic 
periostitis (the soleus syndrome). Posterior compartment syn-
dromes are often bilateral and diffi cult to manage conservatively.

CLINICAL PATTERNS AND OSTEOPATHIC 
MANAGEMENT

To this point in the chapter, the lower extremity has been dis-
cussed as a series of component parts; in reality, each of these parts 
interact. Somatic dysfunction or pathology in any one skeletal, 
arthrodial, or myofascial component affects the rest of the somatic 
structures as shown in both the common compensatory malalign-
ment syndrome (87) and a traumatically induced problem such as 
an ankle sprain (88).

Case Management 1: Supination Ankle Sprain

A 22-year-old amateur rugby player presents with acute swelling 
and lateral ankle pain after twisting his ankle by stepping in a small 
pothole in the playing fi eld 24 hours earlier. The description of his 
injury matches that of a classic supination sprain. He has his right 
ankle wrapped with an over-the-counter elastic bandage using a 
fi gure-of-eight pattern extending from metatarsals to mid-calf. He 
is able to bear weight gingerly, but prefers to use a set of crutches 
from a prior ankle injury 1 year ago on the same side. He has been 
icing and elevating the ankle, which had been his only care in the 
prior injury.

Examination incorporating the Ottawa ankle rules (see 
Fig. 42.18) suggests no ankle or forefoot fracture. In addition to the 
tenderness, swelling, and ecchymosis over the anterior talofi bular 
ligament, he has the typical somatic dysfunction pattern depicted/
summarized in Figure 42.19.

One fourth of all individuals who have experienced a signifi -
cant ankle sprain will continue to have pain, instability, and sprain 
recurrence (89). Two theories, each with valid support, explain why. 
One theory blames mechanical instability due to damaged sup-
port structures while the other blames functional instability owing 
to dysfunctional neural-proprioceptive pathways that inaccurately 
report ankle position. Regardless, somatic dysfunction is thought 
to play a role in both.

The somatic dysfunction associated with a supination sprain 
was previously described (see Fig. 42.19) (90). OMT as part of the 
biomechanical-postural model is prescribed to improve ankle dorsi-
fl exion—reduced ankle dorsifl exion increasing the risk of recurrent 
ankle sprains by 500% (91)—and to remove somatic dysfunction in 
joints and muscles known to impair proprioceptive balance mecha-
nisms (92). Furthermore, osteopathic treatment for this condition 
involves opening and implementing the respiratory-circulatory 
model to provide reduction of the swelling, loss of function, and 
residual dysfunction seen in acute ankle trauma (93). Outcomes 
associated with the use of manual treatment suggest more rapid 
resolution of pain, swelling, and dysfunction and might reduce 
the risk of reinjury (94–99). Consideration of the biopsychosocial 
model is also part of the osteopathic approach in this (and other 
cases)—what, if any, health impact might be associated with the 
inability of an athlete to miss a key game; to ignore advice and play 
on an injured ankle; or to fail to regain function with subsequent 
loss of scholarships and self-image?

Anterior Compartment
The anterior compartment is covered anteriorly by a relatively 
nonexpansile fascia. Structurally, this creates the potential for 
development of an anterior compartment syndrome. Bleeding into 
this compartment from a fracture or other trauma creates increased 
pressure in this enclosed space. For runners, sometimes muscle 
swelling impairs venous outfl ow, which results in a rise in intracom-
partmental pressure. If intracompartmental pressure becomes great 
enough, arterial circulation is reduced, and ischemia with potential 
necrosis of muscle in the compartment can occur. An acute com-
partment compression is a surgical emergency requiring fasciotomy. 
Such a situation is more likely to occur in the anterior compart-
ment than in other divisions of the leg. The acute compartment 
compression may occur in runners where symptoms of intense pain 
develop during the run but do not subside afterward.

Palpation reveals the entire tibialis anterior muscle to be 
hard and tender. Anterior compartment muscles may also exhibit 
weakness upon testing and peripheral pulses are usually present. 
Decreased sensation is often present between the fi rst and second 
toes as a result of entrapment of the deep peroneal nerve. While 
primarily a clinical diagnosis, intracompartmental pressure can be 
measured with a wick catheter (85). Because of the location of the 
pain on the anterolateral side of the leg, recurrent anterior com-
partment syndrome is also sometimes called anterior shin splints.

Lateral Compartment
In the lateral compartment syndrome, pain is located diffusely 
along the lateral aspect of the lower leg. It recurs in runners with 
excessive pronation of the foot or might result from rupture of the 
peroneus longus muscle.

Figure 42-40 Fascial compartments of the lower extremity.
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3. Concentrating on the persistent yielding between the talus and 
the calcaneous, continuously adjust the BLT until a release is 
palpated

Diagnosis: Plantar fl exion with anterior glide of the talocru-
ral joint.

OMT: Balanced Ligamentous Tension (see Fig 42.41B):

1. Maintaining the same hand hold as above, gently lift the lower 
extremity off the table to create a gentle anterior glide of the 
talus in the ankle mortise and add just enough plantar fl exion 
(and additional anterior glide) to feel BLT between the talus 
and the rest of the lower leg at the ankle

2. Concentrating on the persistent yielding between the talus in 
the mortise, continuously adjust the BLT until a release is pal-
pated

3. If the doctor wishes a slight shift of focus can be made at this 
point to gently pull in an anteromedial direction through the 
anterior talofi bular ligament into the distal fi bula and the 
interosseous membrane

Diagnosis: Fibular head dysfunction (usually posterior) with 
strain of interosseous membrane.

OMT: BLT of Fibula and BMT of the Interosseous 
Membrane (see Fig. 42.41C):

1. Doctor’s left thumb pad contacts the right fi bula just posterior 
to the fi bular head; the right thumb pad is placed just posterior 
to the lateral malleolus. The supine patient’s hip and knee on 
that side are bent so that the lower extremity sits comfortably on 
the doctor’s thumbs. The weight is adjusted to avoid compres-
sion over these thumbs. (The doctor may use fi ngers or even a 
forehead to help take weight off of the thumbs.)

2. The lower extremity is adjusted by modifying the hip and knee 
bend (and perhaps a bit of external rotation at the hip) so that 
the fi bula at both ends feels as if the same slight weight is rest-
ing on each thumb. (The doctor will typically have their elbows 
both resting on the table.)

3. The fi bula is then balanced (to BLT) with either a slight 
amount of inferior-superior glide from the lateral malleolus 
thumb to move the fi bular head posterior to balance -OR- with 
a slight amount of superior-anterior pressure from the fi bular 
head thumb to glide the fi bular head anterior to balance

4. Final fi ne tuning usually consists of an inferior longitudinal 
balancing force through both thumbs along the long axis of 
the fi bula that often also needs slight medial glide of the distal 
fi bula (in the direction of the sprained anterior talofi bular liga-
ment) to the point of BMT

5. Concentrating on the persistent yielding of the fi bular head in 
the direction it fi rst preferred, and along the interosseous mem-
brane between the tibia and fi bula adjust the BLT/BMT until 
a release is palpated

Diagnosis: Edema, infl ammation, and fascial torsion in 
lower extremity.

OMT: Popliteal Spread, Fascial Unwinding, and 
Lateral Fluctuation of the Lower Extremity to Enhance 
Homeostasis to Handle Infl ammation and Edema:

 1. Patient is supine with leg slightly fl exed and abducted to 
allow the doctor (standing at the end of the table) to place the 
patient’s ankle/foot between his or her lower thighs to help 
control the patient’s leg

What follows is a safe and effective method for the local hands-
on treatment of an acute supination ankle sprain on the right side; 
it is also an effective combination for use in chronic conditions 
where OMT was perhaps not part of the rehabilitation process. All 
use balanced ligamentous and balanced membranous techniques 
(BLT/BMT) appropriate even immediately after a sprain. In 
chronic conditions or when the swelling recedes in a recent ankle 
sprain, gentle direct muscle energy technique to the talocrural joint 
may be added if needed.

With practice, transitioning from the subtalar joint into the talo-
calcaneal joint (Figs. 41A,B) and from that balanced anatomy carry-
ing the indirect fascial unwinding technique up through the anterior 
talofi bular ligament into the interosseous membrane can be done 
seamlessly without changing hand positions around the talocalca-
neal joint. Fascial unwinding from the foot-ankle up and from the 
hip down (Fig. 41D) is also a time-effective approach to this injury.

Diagnosis: Supination with posterolateral glide of the talo-
calcaneal joint.

OMT: Balanced Ligamentous Tension of Forefoot to 
Hind Foot and Talus to Calcaneous (see Fig. 42.41A)

1. Doctor takes the right foot in the right hand with the thumb and 
fi rst digit pinching the talus; the remainder of the fi ngers hold-
ing the arch of the foot. The left hand stabilizes the calcaneous 
between fi ngers and thenar eminence. (Patient is supine)

2. Using a motion between the two hands like “wringing out a wet 
cloth,” glide the talus posterolateral on the calcaneous to the 
point of BLT. The right hand will move slightly counterclock-
wise while the left hand moves clockwise; the right hand will 
also slightly increase the foot’s arch

Figure 42-41 BLT/BMT OMT for Patients with Supination Sprain 
(A) Posterolateral talocalcaneal SD; (B) Plantar fl exion with anterior 
glide SD; (C) Fibular SD with interosseous strain.
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lishing Company, Inc., 1986:235–249.
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 2. Using the fi ngers of both hands, the doctor contacts the medial 
and lateral edges of the hamstring muscle tendons and gently 
spreads these away from the midline of the popliteal region. 
(“Popliteal spread technique.”)

 3. Abduct/adduct, fl ex/extend, and internally/externally rotate at 
the hip to the point of balanced ligamentous tension

 4. Maintain hip but stack major and minor motions at the knee 
(fl ex/extend, abduct/adduct, and externally/internally rotate 
with anteromedial or posterolateral glides, respectively)

 5. Maintain hip and knee balanced tensions and now add an 
approximation of pronation/supination of the foot

 6. Add a little traction or compression along the longitudinal axis 
of the lower extremity again to BLT

 7. As “fascial unwinding” is performed, ask where the patient 
feels warmth. It should progress from thigh to knee to calf to 
foot to toes over a period of a minute or less. (If the progres-
sion stops, it indicates a site of signifi cant somatic dysfunction 
that may require specifi c OMT.)

 8. Place the patient’s feet fl at on the table with knee fl exed to 90 
degrees and hip fl exed to 45 degrees

 9. The doctor’s caudad hand holds the dorsum of the patient’s 
foot and ankle and the cephalad hand rests on top of the 
patient’s knee

10. The patient’s knee is moved medial and lateral at the knee to 
fi nd the position of greatest ligamentous balance

11. From that point of balance, the doctor institutes a small rhyth-
mic medial to lateral excursion that is maintained until treat-
ment is fi nished

After appropriate diagnosis of the patient (including his ankle), 
osteopathic treatment of the patient focuses fi rst to limit pathophysi-
ology and promote inherent motions during the “PRICE” (Protec-
tion, Relative rest, Ice, Compression/support, Elevation) approach in 
the acute state; indirect OMT plays a role at this point. Subsequently, 
strategies shift to effective rehabilitation including early mobilization, 
correction of somatic dysfunctions that could limit shock absorption, 
ankle range of motion (especially dorsifl exion), or muscle-proprio-
ceptive imbalance. Patient education and exercise (strengthening, 
range of motion, and proprioceptive) (100,101) often play a role in 
this stage for full return of function and prevention of recurrence.

SUMMARY

A thorough understanding of the functional anatomy of the lower 
extremities, coupled with grounding in osteopathic practice prin-
ciples, establishes a foundation for the osteopathic approach to the 
lower extremities and their effect on the whole person. Palpation 
assists in differential diagnoses of a wide range of structural and 
functional disorders in this region. The osteopathic physician then 
seeks to balance and improve biomechanical and homeostatic func-
tions to infl uence a wide range of patient conditions.

From a sports medicine practice to the care of patients with deep 
vein thrombosis in an internal medicine practice, the osteopathic 
approach to the lower extremities offers an effective approach to 
diagnosis, prevention, and treatment.
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Upper Extremities
KURT P. HEINKING

INTRODUCTION

The upper extremities are vital to performing the activities of daily 
living. Even minor injuries may produce disabilities that signifi -
cantly affect overall function. Effective diagnosis and treatment 
necessitates a thorough understanding of the structure and func-
tion of this important region.

FUNCTIONAL ANATOMY

Skeletal and Arthrodial Structures

Functionally, the upper extremity can be divided into the (2):

■ Acromioclavicular joint (A-C joint)
■ Sternoclavicular joint
■ Scapulothoracic joint
■ Glenohumeral joint
■ Elbow (ulnohumeral joint)
■ Wrist (radiocarpal joint)
■ Intercarpal, carpometacarpal, metacarpophalangeal (MP), and 

interphalangeal (IP) joints

Motion restrictions in one joint will require compensatory move-
ment in the other joints. Painful joints can be restricted in their 
motion or have excessive motion beyond their usual functional 
requirement. Excessive motion or infl ammation of a joint will 
cause the surrounding muscles to contract in an attempt to stabilize 
or protect the joint.

Scapulothoracic Joint

The scapulothoracic joint is formed by the articulation of the 
anterior surface of the scapula with the posterior thorax. It is a 

43
K E Y  C O N C E P T S

■ A knowledge of functional anatomy of the upper extremities is needed to perform an accurate assessment of 
the upper extremity and manipulative treatment procedures.

■ Muscle anatomy, actions, and innervations are necessary prerequisite knowledge in dealing with extremity 
complaints.

■ Diagnosing the location, etiology, and the significance of the axial somatic component to a distal extremity is 
critical.

■ The rotator cuff includes the supraspinatus, infraspinatus, teres minor, and subscapularis muscles.
■ Arterial compression by the scalenes may produce arm symptoms.
■ Fascial restrictions can affect the lymphatic drainage of the upper extremities.
■ Sympathetic stimulation from thoracic dysfunction can cause symptoms in the extremities.
■ Peripheral nerves of the upper extremity can become entrapped by muscular, fascial, or ligamentous tension.
■ Understanding the configuration, physiologic motion, and somatic dysfunction of the shoulder, elbow, forearm, 

wrist, and hand improves patient treatment.
■ Orthopedic tests of the upper extremity can help pinpoint the diagnosis.
■ Treatment of carpal tunnel syndrome, rotator cuff tendonitis, tennis elbow, adhesive capsulitis, and thoracic 

outlet syndrome needs to include manipulative treatment of associated somatic dysfunction.

pseudoarticulation. The position of the scapula is controlled by 
muscular forces. The scapula is attached to the spine and ribs by the 
rhomboids, trapezius, serratus anterior, pectoralis minor, and leva-
tor scapulae. Tension in these muscles controls the position of the 
scapula. The levator scapulae and trapezius provide postural sup-
port, while the middle trapezius and rhomboids retract the scapulae. 
The serratus anterior protracts the scapulae, and when contacting 
with the upper trapezius, these muscles will cause upward rotation 
and elevation (27). The position and motion of the scapula controls 
the glenohumeral joint. Abnormal position of the ribs, such as that 
seen in scoliosis, will affect the positional alignment of the scapula, 
bringing it more into a protracted and elevated position on the side 
of the convexity of the scioliotic curve. Motion of the shoulder 
on the convex side of the scoliotic curve will be different than on 
the concave side. Somatic dysfunction of a single rib, or a group 
of ribs, will affect the smooth gliding motion of the scapula over 
the posterior rib age. The rotator cuff muscles attach the humeral 
head to the scapula. If the position of the scapula is abnormal, these 
muscles are required to function differently, based on their length/
tension relationships. The various motions of the scapula are:

■ Elevation (upper trapezius and levator scapula)
■ Depression (lower trapezius, lower rhomboids)
■ Protraction (serratus anterior)
■ Retraction (rhomboids and middle trapezius)
■ Rotation about a transverse axis

A-C Joint

The A-C joint is formed by the articulation of the lateral end of the 
clavicle with the acromion process of the scapula. The A-C joint 
is a planar joint with a crescent-shaped rudimentary incomplete 
meniscus (22). The acromion has a variable shape and slope, and 
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Ulnohumeral Joint

The ulnohumeral joint is the true elbow joint (6). The hinge-like 
elbow joint allows for motion around a transverse axis. It has a liga-
mentous capsule that is thickened on the medial and lateral sides, 
yet is weak anteriorly and posteriorly. For anterior and posterior 
stability, muscles such as the biceps brachii and triceps serve the 
function as ligaments.

The trochlear notch of the ulna is closely fi tted to the tro-
chlea of the humerus. The surfaces are lined with articular carti-
lage and fi t together in a spiraled fashion. This is so that as the 
elbow is extended, the hand is held away from the body (carry-
ing angle) and when the elbow is fl exed the hand is close to the 
mouth. The motion occurs without requiring any rotation of the 
humerus at the shoulder. The minor motions (such as abduc-
tion/adduction) are allowed by the relative looseness of the fi t of 
the trochlea in the trochlear notch, and the presence of articular 
cartilage (22).

Proximal Radioulnar Joint

The head of the radius at the proximal end of the radial bone near 
the elbow is not a part of the elbow joint. The pivotal motion for 
pronation and supination of the forearm is provided by the proxi-
mal radioulnar joint. The radial head rotates on the capitellum dur-
ing pronation and supination. During elbow extension, the radial 
head glides posteriorly on the capitellum. During elbow fl exion, 
the radial head glides anteriorly on the capitellum (22).

The Wrist (Radiocarpal) Joint

The wrist is formed by the junction of the ulna, radius, and the 
carpal bones. The joint is considered an ellipsoidal synovial articu-
lation. The true wrist joint is the radiocarpal joint, formed by the 
distal end of the radius and the three proximal carpal bones: the 
scaphoid, lunate, and the triquetral. The convexity of the scaphoid, 
lunate, and the triquetral fi t into the concavity of the radius and the 
articular disc. The disc separates the distal radioulnar joint from the 
wrist joint cavity and attaches the ulna to the radius. The capsular 
ligaments are suffi ciently loose to allow some minor movements of 
the carpal bones (22). Possible motions include fl exion, extension, 
abduction, and adduction, as well as supination and pronation of 
the hand and forearm. Flexion and adduction of the wrist are typi-
cally freer.

Table 43.1 outlines the major motions of the shoulder, elbow, 
wrist, and MP joints.

THE HAND

Intercarpal Joints

The scaphoid, lunate, and the triquetral articulate with the greater 
and lesser multiangular bones, the capitate and hamate. Motion 
between these rows of bones is more free in fl exion. If bony point 
tenderness is present in the face of hand trauma, always x-ray the 
hand to make sure a scaphoid fracture is not present.

Carpometacarpal Joints

The fi rst carpometacarpal articulation is cavoconvex, and classifi ed 
as a saddle-shaped joint. It is freely movable in two planes and 
rarely subject to dysfunction. The second to fi fth carpometacar-
pal joints are gliding joints. The fi fth is the most mobile, then the 
fourth. The second and third are fairly restricted in motion.

forms the roof of the coracoacromial arch (26). The coracoacromial 
ligament attaches from the outer portion of the coracoid process 
to the undersurface of the acromion and makes up the anterior 
portion of the coracoacromial arch (26). Under the coracoacromial 
arch is the subacromial bursa and rotator cuff tendons. This is the 
region in which extrinsic or outlet impingement of the rotator cuff 
occurs. The A-C joint depends on its ligamentous attachments for 
stability; these are the A-C and coracoclavicular ligaments. The 
strongest ligament between the clavicle and scapula is the coraco-
clavicular ligament. It has two portions. The coronoid portion of 
this ligament prevents anterior rotation of the distal clavicle; the 
trapezoid portion resists posterior rotation of the distal clavicle. 
Although a planar joint, functionally, this joint acts similar to a 
ball and socket, providing anteroposterior, superoinferior, and rota-
tional motion. A small, yet important, amount of clavicular motion 
occurs with shoulder movement; there is controversy over the 
amount of motion occurring at this joint. Large amounts of axial 
motion have been described, as well as rotation axially less than 
10 degrees over the arc of shoulder abduction (27).

Sternoclavicular Joint

The sternoclavicular joint is formed by the articulation of the 
medial end of the clavicle with the manubrium of the sternum. 
The sternoclavicular joint has a saddle-shaped articular surface. 
The clavicular notch on the sternum is shallow and small compared 
to the articular surface of the medial end of the clavicle. Fortu-
nately, this is a complex synovial joint that contains a cartilaginous 
meniscus. This provides needed stability. The interclavicular liga-
ment resists superior displacement of the sternal end of the clavicle. 
The costoclavicular ligament attaching to the fi rst costal cartilage 
acts as a fulcrum and limits upward movement of the lateral end 
of the clavicle (22). As the clavicle abducts, this ligament helps 
produce a downward glide to the sternal end of the clavicle. The 
subclavius muscle depresses and pulls the medial end of the fi rst rib 
forward when the lateral end of the clavicle is elevated.

Glenohumeral Joint

The glenohumeral joint is formed by the articulation of the head 
of the humerus with the glenoid fossa of the scapula. The humeral 
head is large, smooth, slightly elliptical, and covered in articular 
cartilage. The glenoid is small, concave, and has a cartilaginous 
lip (labrum) that helps locate the humeral head into the glenoid. 
The proximal humerus is separated anatomically into four parts: 
the articular surface, the lesser tuberosity, the greater tuberos-
ity, and the diaphyseal humeral shaft (27). The humeral head is 
angulated medially 45 degrees to the long axis and retroverted 
30 degrees. The joint has signifi cant mobility, but lacks stability 
due to its design. The joint undergoes spinning, sliding, and rolling. 
The joint is synovial and enclosed by a strong ligamentous capsule. 
The joint capsule has a superior, middle, and inferior glenohumeral 
ligament complex. The capsule is weak anteriorly and inferiorly 
(inferior glenohumeral ligament complex), allowing for instability 
or dislocation to commonly occur in that direction. The posterior 
capsule is commonly tight, which causes anterior translation and 
elevation of the humeral head. This situation can cause second-
ary impingement of the rotator cuff (26). The fi brocartilagenous 
labrum surrounds the periphery of the glenoid. The labrum acts as 
an attachment site for the capsuloligamentous structures, and as a 
“cup” to increase the surface area of the glenoid, as well as providing 
a negative intracapsular pressure that helps to center (or capture) 
the humeral head.
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642 III • APPROACH TO THE SOMATIC COMPONENT

through 43.7 present the muscles and nerves of the following 
joints (2):

Glenohumeral joint (Table 43.4)
Scapulothoracic joint (Table 43.5)
Elbow (Table 43.6)
Wrist (Table 43.7)

The rotator cuff muscles are critical to maintaining stability of the 
glenohumeral joint, as well as providing precision movements and 
propulsion in throwing or swinging motions. The cuff is formed 
by the confl uent tendon of the supraspinatus, infraspinatus, teres 
minor, and subscapularis. The supraspinatus, infraspinatus, and 
teres minor insert on the greater tuberosity. The subscapularis 
inserts on the lesser tuberosity of the humerus. The supraspina-
tus has been thought to initiate abduction; however, it is currently 
felt that it is more of a glenohumeral joint stabilizer. Because of 
its angle of insertion (70 degrees from the glenoid), the supraspi-
natus acts as a fulcrum, applying a compressive force to hold 
the humeral head in the glenoid, as the synergistic action with 
the deltoid causes abduction. The supraspinatus is active dur-
ing the entire arc of abduction; paralysis of the suprascapular 
nerve causes a 50% reduction in abduction torque (27). Without 
a properly functioning supraspinatus, impingement of the cuff 
between the humeral head and undersurface of the acromion 
occurs.

The teres minor and infraspinatus depress, extend, and exter-
nally rotate the humerus. The infraspinatus is more active with the 
arm at the side, the teres minor is more active with the shoulder 
in 90 degrees of elevation. The subscapularis internally rotates, 
fl exes, and depresses the humeral head. The tendinous insertion is 

MP Joints

These joints allow for more mobility than the carpometacarpal 
joints. These joints are commonly affected by rheumatoid and 
osteoarthritis, and can become enlarged and stiff. Flexion, exten-
sion, abduction, and adduction occur, as well as a slight amount of 
rotation. There is a joint capsule surrounding each joint as well as 
a synovial membrane.

IP Joints

The proximal IP joints are called the “PIP joints,” the distal IP 
joints are called the “DIP joints.” The DIP joints can become 
enlarged with fi rm nodules (Herberden nodes) on either side of 
the dorsal midline. These are usually painless and indicate osteoar-
thritis. The PIP joints and metacarpal phalangeal joints are usually 
involved in rheumatoid arthritis and demonstrate Haygarth nodes. 
The joint may be thickened, infl amed, and tender, with a fusiform 
appearance. In males, the ring fi nger is typically longer than the 
index fi nger, in females, the opposite holds true.

Table 43.2 outlines the major motions of the proximal and 
distal IP joints, and Table 43.3 includes the major motions of the 
joints of the thumb.

Muscles

Muscles generally act in groups to produce specifi c motions. 
Detailed assessment of the upper extremity necessitates an under-
standing of these groups and their innervations (2). Tables 43.4 

T A B L E  4 3 . 1

Major Motions of the Shoulder, Elbow, Wrist, and MP Joints

Glenohumeral Joint Elbow Wrist Metacarpophalangeal

Abduction 180 degrees Flexion 135 degrees Supination 90 degrees Flexion 90 degrees
Adduction 45 degrees Extension 0–5 degrees Pronation 90 degrees Extension 30–45 degrees
Flexion 90 degrees Flexion 80 degrees
Extension 45 degrees Extension 70 degrees
Internal rotation 55 degrees Ulnar deviation 30 degrees
External rotation 40–45 degrees Radial deviation 20 degrees

Source: From Hoppenfeld S. Physical Examination of the Spine and Extremities. New York, NY: Appleton-Century-Crofts, 1976, with permission.

T A B L E  4 3 . 2

Major Motions of the Proximal and 
Distal IP Joints

Proximal IP Joint Distal IP Joint

Flexion 100 degrees Flexion 90 degrees
Extension 0 degrees Extension 20 degrees

Source: From Hoppenfeld S. Physical Examination of the Spine 
and Extremities. New York, NY: Appleton-Century-Crofts, 1976, 
with permission.

T A B L E  4 3 . 3

Major Motions of the Joints of the Thumb

Thumb
Thumb MP 
Joint

Thumb IP 
Joint

Palmar abduction 
70 degrees

Flexion 
50 degrees

Flexion 
90 degrees

Palmar adduction 
0 degrees

Extension 
0 degrees

Extension 
90 degrees
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the rotator cuff (26). The biceps tendon is intra-articular, yet 
extrasynovial, and passes deep to the “rotator interval” a space 
between the supraspinatus and subscapularis tendon insertions. 
The coracohumeral ligament and the superior glenohumeral liga-
ment complex surround the biceps tendon and act as a pulley as 
it enters the intertubercular groove. The long head of the biceps 

continuous with the anterior capsule, helping to limit anterior 
instability. During throwing and eccentric activity, the subscapu-
laris and infraspinatus are the two most important stabilizing forces 
of the shoulder (26,27).

The long head of the biceps is intimately associated with 
the rotator cuff and has been considered the “fi fth tendon” of 

T A B L E  4 3 . 4

Muscles and Nerves of the Glenohumeral Joint and Shoulder

Primary Flexors Deltoid (Anterior Portion) Muscle Axillary Nerve C5

Coracobrachialis muscle Musculocutaneous nerve C5-6
Secondary flexors Pectoralis major muscle (clavicular head)

Biceps
Primary abductors Deltoid (midportion) muscle Axillary nerve C5-6

Supraspinatus muscle Suprascapular nerve C5-6
Secondary abductors Deltoid muscle (anterior, posterior)

Serratus anterior muscle via scapula
Primary adductors Pectoralis major muscle Anterior thoracic nerve 

(medial, lateral)
C5-T1

Latissimus dorsi muscle
Secondary adductors Teres minor muscle

Anterior deltoid muscle
Primary extensors Latissimus dorsi muscle Thoracodorsal nerve C6-8

Teres major muscle Lower subscapular nerve C5-6
Deltoid (posterior portion) Axillary nerve C5-6

Secondary extensors Teres minor muscle
Triceps (long head) muscle

Primary external rotators Infraspinatus Suprascapular nerve C5-6
Teres minor Axillary branch C5

Secondary external rotators Deltoid muscle (posterior portion)
Primary internal rotators Subscapularis muscle Subscapular nerves (upper and 

lower portion)
C5-6

Pectoralis major muscle Anterior thoracic nerves 
(medial and lateral)

C5-T1

Latissimus dorsi muscle
Teres minor muscle

Secondary internal rotators Deltoid muscle (anterior portion)

T A B L E  4 3 . 5

Muscles and Nerves of the Scapulothoracic Joint

Primary Elevators Trapezius Muscle Accessory Nerve CN XI

Levator scapulae muscle Dorsal scapular nerve C5 (plus) C3-4, C5
Secondary elevators Rhomboid major muscle

Rhomboid minor muscle
Primary protraction Serratus anterior muscle Long thoracic nerve C5-7
Primary retraction Rhomboid major muscle Dorsal scapular nerve C5

Rhomboid minor muscle Dorsal scapular nerve C5
Secondary retraction Trapezius muscle

Chila_Chap43.indd   643Chila_Chap43.indd   643 8/6/2010   9:08:14 PM8/6/2010   9:08:14 PM



644 III • APPROACH TO THE SOMATIC COMPONENT

The vascular supply of the rotator cuff has been extensively studied. 
There is a “critical zone” of anastamotic blood supply to the rotator 
cuff muscles; in this critical zone, it is hypothesized that rotator cuff 
tears begin. One such area is in the supraspinatus tendon immediately 
proximal to its insertion of the greater tuberosity of the humerus (26).

Venous Supply

The axillary vein lies on the medial side of the axillary artery. The 
axillary vein receives tributaries that correspond to the branches 
of the axillary artery and receives venae comitantes of the brachial 
artery. It ends at the lateral border of the fi rst rib, where it becomes 
the subclavian vein (3). The subclavian vein passes over the fi rst 
rib anterior to the anterior scalene muscle (3). The subclavian vein 
unites with the internal jugular vein to become the brachiocephalic 
vein (3). The left brachiocephalic vein passes posterior to the left 
sternoclavicular joint and crosses the midline. The right brachio-
cephalic vein passes posterior to the right sternoclavicular joint. The 
right brachiocephalic vein joins the left brachiocephalic vein to form 
the superior vena cava (3). Dysfunction in the upper thoracic verte-
brae (causing increased sympathetic tone to the upper extremities), 
upper ribs, clavicles, and fascia of the upper extremities may impair 
venous return. Because the vein passes anterior to the scalene mus-
cles, scalene tension does not create venous distention of the upper 
extremity. A thrombosis in the subclavian vein can cause swelling in 
the breast and upper extremity due to venous obstruction.

Lymphatic Drainage

The major lymph nodes of the upper extremities are found in the 
fi brofatty connective tissue of the axilla. They are arranged in fi ve 

tendon then travels in the intertubercular sulcus, which has a 
variable shape and slope. Because of differences in the shape and 
slope of this groove, the tendon can translate back and forth caus-
ing degenerative changes in the tendon. The biceps function is 
controversial as some believe it is a humeral head depressor; others 
feel it is a passive player in most shoulder motions (26).

The teres major muscle is not considered a rotator cuff muscle. 
It is sometimes used as a donor muscle in shoulder surgeries. The 
teres major acts in synergy with the latissimus dorsi muscle, to 
cause humeral extension, internal rotation, and adduction (27).

Arterial Supply

The left subclavian artery arises from the posterior part of the aor-
tic arch. It passes posterior to the left sternoclavicular joint. The 
right subclavian artery arises from the brachiocephalic trunk (3). 
The subclavian arteries pass over the top of the fi rst rib between the 
anterior and middle scalene muscles. This is an area of compres-
sion in thoracic outlet syndrome. The subclavian artery becomes 
the axillary artery at the lateral border of the fi rst rib. The axillary 
artery passes posterior to the pectoralis minor muscle and becomes 
the brachial artery at the inferior border of the teres major muscle. 
Branches from the axillary and brachial arteries supply the struc-
tures of the shoulder, arm, forearm, and hand. Somatic dysfunction 
of the following structures may affect arterial supply:

■ Anterior and middle scalenes
■ Upper thoracic vertebrae
■ Upper ribs
■ Clavicles
■ Fascia of the upper extremity

T A B L E  4 3 . 6

Muscles and Nerves of the Elbow Joint

Primary flexors Brachialis muscle nerve Musculocutaneous C5-6
Biceps muscle nerve Musculocutaneous C5-6

Secondary flexors Brachioradialis muscle C6
Supinator muscle

Primary extensor Triceps muscle Radial nerve C7
Secondary extensor Anconeus muscle

T A B L E  4 3 . 7

Muscles and Nerves of the Wrist

Primary flexors Flexor carpi radialis m. Median n.
Flexor carpi ulnaris m. Ulnar n.

Primary extensors Extensor carpi radialis longus m. Radial n. C6(7)
Extensor carpi radialis brevis m. Radial n.
Extensor carpi ulnaris m. Radial n.

Primary supinators Biceps m.
Supinator m. Radial n.

Secondary supinator Brachioradialis m.
Primary pronators Pronator teres m. Median n. C6

Pronator quadratus m. Median n. (ant. interosseous branch)
Secondary pronator Flexor carpi radialis m.
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rib head, in the fascia common to both structures. Dysfunction in the 
upper thoracic spine and ribs may increase sympathetic tone to the 
upper extremity and produce altered motion, nerve dysfunction, and 
lymphatic and venous congestion (28). Increased sympathetic tone is 
accompanied by palpatory fi ndings in the upper thoracic/rib area and 
increased sensitivity to painful stimulus. It also prevents arterial blood 
from getting to the structures of the arm and reduces the amount of 
lymphatic fl uid returning from the arm via the lymphatic vessels. The 
cause of these musculoskeletal fi ndings may be viscerosomatic; they 
may be primary somatic in the area, or they may be refl ex from the 
cervical spine. Nociceptive afferents from the cervical spine travel in 
the sympathetic chain and synapse in the intermediolateral cell col-
umns of the upper thoracic cord. This produces an irritable focus in 
the cord, with resulting somatic and sympathetic hyperactivity (28).

Brachial Plexus

Nerve roots C5-8 and T1 form the brachial plexus. These nerve roots 
pass through the intervertebral foramen of the cervical vertebrae and 
pass between the anterior and the middle scalene muscles (3). The 
roots unite to form successive trunks, divisions, cords, and branches. 
The nerve trunks extend from the scalene triangle (formed by the 
anterior and middle scalenes and the clavicle) to the clavicle. Nerve 
divisions extend from a position posterior to the clavicle to the axilla. 
Nerve cords are found in the axilla. Nerve cords divide into branches 
that innervate various structures in the upper extremity. The neuro-
vascular bundle of the arm contains the subclavian artery, subclavian 
vein, brachial plexus, and the sympathetic nerve plexus.

Peripheral Nerves and Nerve Entrapment

The three main peripheral nerves of the upper extremity include 
the median nerve, the ulnar nerve, and the radial nerve. Under-
standing the innervation of each and site of potential compression 
is important.

groups, four of which lie inferior to the pectoralis minor tendon 
and one which lies superior to it (Fig. 43.1). These groups are:

■ Pectoral
■ Lateral
■ Subscapular
■ Central
■ Apical

The pectoral group of axillary lymph nodes lies along the medial 
wall of the axilla. This group receives lymph mainly from the ante-
rior thoracic wall and breast. The efferent vessels from these nodes 
pass to the central and apical groups of axillary lymph nodes (3).

The lateral group of lymph nodes lies along the lateral wall of 
the axilla. This group receives lymph from most of the upper limb.

The subscapular group of axillary lymph nodes is located along 
the posterior aspect of the thoracic wall and scapular region. Efferent 
vessels pass from here to the central group of axillary lymph nodes.

The central group of axillary lymph nodes is situated deep to 
the pectoralis minor near the base of the axilla. This group receives 
lymph from the other axillary lymph nodes. Efferent vessels pass 
lymph to the apical lymph nodes.

The apical group of axillary lymph nodes is situated in the apex of 
the axilla. This group receives lymph from the central lymph nodes. 
The efferent vessels from this group unite to form the subclavian 
lymphatic trunk. The right subclavian lymphatic trunk drains into the 
right lymphatic duct. The left subclavian lymphatic trunk drains into 
the thoracic duct. Somatic dysfunction affecting the venous system 
may also affect lymphatic drainage, thereby producing congestion in 
the upper extremity. Fascial restriction of the thoracic inlet and pec-
toral fascia can also cause lymphatic stasis of the upper extremity.

Sympathetics

The sympathetic innervation to the upper extremities arises from the 
upper thoracic spinal cord. The sympathetic ganglia lie anterior to the 

Figure 43-1 Lymphatic drainage of upper extremity. (Illustration by W.A. Kuchera.)

Chila_Chap43.indd   645Chila_Chap43.indd   645 8/6/2010   9:08:14 PM8/6/2010   9:08:14 PM



646 III • APPROACH TO THE SOMATIC COMPONENT

The all-motor deep branch, the posterior interosseous nerve, 
supplies the brachioradialis, extensor carpi radialis longus and bre-
vis, and supinator muscles, and then splits into a superfi cial sen-
sory branch that does not enter the radial tunnel. Because only the 
motor branch is compressed, sensory symptoms are rare, although 
aching over the site of compression is felt and may be elicited by 
full extension of the elbow with the which may be caused by an 
extra cervical rib or by tightened scalene muscles. Compression 
may occur at the thoracic outlet where the artery passes between 
the chest and the upper extremity (29).

Osteopathic diagnosis largely involves the assessment of both 
quality and quantity of motion. General ranges of motion permit 
effective screening of the skeletal and arthrodial components of this 
region. Somatic dysfunction typically involves restriction and the 
end of a range of motion. It is most likely to be found in the minor 
motion(s) of each joint. Orthopedic problems associated with dis-
ruption of joint stabilizers commonly involve laxity and instability 
at the end of a range of motion. The most time-effective, yet thor-
ough examination involves screening ranges of motion with careful 
attention to end-motion palpatory fi nding.

DIAGNOSIS

History

The clinician must determine the exact nature of the chief com-
plaint, its duration, location, severity, and associated symptoms. 
The presenting complaint may be pain; however, it may also be 
weakness, swelling, or stiffness. Obtain as much information as 
possible in a time-effi cient manner. Experienced clinicians con-
tinue to pursue historical questions while simultaneously examin-
ing the patient.

The following questions will assist the clinician in obtaining a 
thorough history:

■ What is the complaint? For example: (numbness, pain, stiffness, 
weakness, swelling, coolness/color change) Is there more than 
one in different areas?

■ If pain is the complaint: location, duration, severity, and radia-
tion

■ If stiffness is the complaint: morning stiffness greater than 
1 hour?

■ If swelling is the complaint: unilateral or bilateral?
■ If weakness is the complaint: diffuse or a specifi c muscle?
■ If restricted motion is the complaint: articular or muscular?
■ If neuralgia is the complaint: what dermatome? unilateral or 

bilateral?
■ If a rash is the complaint: characterize/describe it.
■ If coolness or a color change is the complaint: history of 

Raynaud?

No matter what the complaint, the clinician needs to inquire about 
the following:

■ Location, duration, severity, radiation
■ Mechanism of intermittent or constant?
■ Improving, worsening, staying the same?
■ Aggravating/alleviating factors?
■ What has been done so far (diagnosis and treatment)?
■ What was the mechanism of injury?
 ■ Blunt trauma or repetitive overuse?
 ■ revious history of trauma?
 ■ Is this a work-related injury?
 ■  What are the functional limitations (what they can or can’t do)?

Median Nerve

The most proximal level of compression of the median nerve may 
produce the pronator syndrome, which is a compression of the 
median nerve as it passes through the pronator teres muscle, or 
under the ligament of Struthers (29). It is associated with pain in 
the proximal volar forearm and sensory signs and symptoms in the 
radial 3½ digits of the hand. Symptoms are generally aggravated by 
fl exion of the elbow against resistance. Sensory symptoms and signs 
of the pronator syndrome typically mimic C6 and C7 radiculopa-
thy. The pronator syndrome may affect the function of the median 
nerve innervated muscles in the C6 and C7 distribution (29).

The median nerve has a motor branch called the anterior 
interosseous nerve. In anterior interosseous syndrome, there are 
no sensory abnormalities. Pain in the proximal forearm is typically 
aggravated by exercise and abates with rest. Motor abnormalities 
are manifested as weakness and are referred to those muscles inner-
vated by this nerve (fl exor pollicis longus, pronator quadratus, and 
fl exor digitorum profundus of the index fi nger). This syndrome 
may mimic a C8 radiculopathy because this is the root through 
which they are all innervated (29).

The next region of compression for the median nerve is at the 
carpal tunnel at the wrist. Compression of the median nerve in 
the carpal tunnel (carpal tunnel syndrome) typically causes sensory 
symptoms such as night pain, paresthesias, and numbness in the 
hand in the radial 3½ digits. Symptoms may be referred proximally 
from the hand toward the forearm and even the elbow and may be 
reproduced or elicited by Phalen maneuver or Tinel sign. Thenar 
muscle weakness and atrophy represent advanced disease. Sensory 
symptoms may mimic C6 and C7 radiculopathy, but no C6 or C7 
muscle demonstrates abnormalities because they are all innervated 
proximal to the carpal canal. Thenar motor weakness may mimic 
T1 radiculopathy because of abnormalities of the opponens pol-
licis and the abductor pollicis brevis; however, other T1-innervated 
muscles are normal (29).

Ulnar Nerve

The ulna nerve can become entrapped at the elbow (cubital tunnel 
syndrome) or at the wrist (Guyon canal). The most typical symptom 
of cubital tunnel syndrome is aching pain on the medial aspect of the 
elbow, although radiation of the pain and paresthesia may migrate 
distally on the ulnar forearm and into the ulnar 1½ digits of the hand. 
Symptoms may be elicited by percussion of the nerve behind the 
medial epicondyle or by acute, prolonged fl exion of the elbow (29).

The ulnar nerve may also be compressed at the wrist in Guyon 
canal. Compression at this level usually affects both the superfi -
cial and the deep branches of the ulnar nerve. Therefore, sensory 
symptoms are referred to the volar aspect of the ulnar l½ fi ngers. 
The dorsal aspect of these digits remains unaffected because that 
area of skin is supplied by the dorsal sensory branch of the ulnar 
nerve, which originates proximal to the wrist and does not traverse 
Guyon canal.

The deep branch is essentially all motor, and the superfi cial 
branch is essentially all sensory. Therefore, motor symptoms, weak-
ness, and atrophy are referrable only to those muscles innervated by 
the deep branch of the ulnar nerve. These include the hypothenar 
muscles, the interossei, and the abductor pollicis. The syndrome 
may mimic T1 and C8 radiculopathy (29).

Radial Nerve

The radial nerve has a deep motor branch that can become 
compressed in the radial tunnel (posterior interosseous syndrome). 
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imbalance, scoliosis, and forward head position can all contribute 
to or be the etiologic factor in upper extremity complaints. To 
review the components of the structural exam, review Chapter 34.

Palpation

Palpation for tissue texture change or tenderness should be focused 
to a few specifi c areas.

Begin in the upper thoracics. The upper thoracics usually have 
signifi cant palpatory fi ndings.

Palpate laterally to the scapula near the posterior axillary fold. 
In this location, muscles such as infraspinatus and teres minor are 
usually tender. Anteriorly, tissue texture change and tenderness is 
found over the pectoralis minor, anterior ribs, and biceps tendon. 
Palpate the neck for scalene hypertonicity and tissue texture change 
over the lower cervicals. Now, palpate into the deeper tissues. Look 
for signs of acute or chronic tissue texture change. Remember to 
compare the right side with the left side and areas located superiorly 
with areas located inferiorly. Compare muscle groups bilaterally for 
size and tone. Palpation needs to include not only the cervical and 
thoracic spine but also the ribs, clavicles, and scapula. All muscles 
affecting the upper extremity need to be palpated, especially those 
which the history indicates. Fascia of the thoracic inlet, pectorals, 
and latissimus dorsi needs to be assessed. The interosseous mem-
brane of the forearm is important to evaluate in situations where 
repetitive overuse is a consideration.

Pulses

Thorough examination of the upper extremities necessitates an 
examination of the brachial and radial pulses. The brachial pulse 
is found on the medial surface of the arm just medial to the biceps 
tendon. The radial pulse is best palpated over the lateral and ventral 
side of the wrist. Examine the arterial pulses with the distal pads of 
the second, third, and fourth fi ngers. Palpate fi rmly but not so hard 
that the artery is occluded. Arterial pulses can be examined for:

■ Heart rate and rhythm
■ Pulse contour (wave form)
■ Amplitude (strength)
■ Symmetry

Lack of symmetry between the left and the right extremities sug-
gests impaired circulation. In thoracic outlet syndrome, the clinician 
may fi nd that the radial pulse diminishes with specifi c positioning 
of the arm and neck.

Table 43.8 outlines the standard method for recording ampli-
tude of the pulse.

Refl exes

The three basic refl exes that evaluate the integrity of the nerve sup-
ply to the upper extremity are the biceps refl ex, the brachioradialis 
refl ex, and the triceps refl ex (Table 43.9). Each of these is a deep 
tendon refl ex (lower motor neuron refl ex) transmitted to the cord 
as far as the anterior horn cells and returning to the muscle via the 
peripheral nerves. Refl exes may be increased in the presence of an 
upper motor neuron lesion or may be decreased in the presence of a 
lower motor neuron lesion (bulging disc with radiculopathy).

Biceps Refl ex

This refl ex primarily tests the integrity of neurologic level C5. Place 
the patient’s arm over your opposite arm so that it rests on your 

When is arm pain something more? Upper extremity discomfort 
cannot always be attributed to an orthopedic condition or somatic 
dysfunction in this area. A good clinician must determine whether 
the discomfort is primarily caused by dysfunction in the extremity 
or referred from another area.

If the cause lies in the upper extremity itself, there is generally 
restricted motion. Pain is usually localized to specifi c dermatomes 
and may be described as acute, sharp, and severe. Discomfort is 
usually improved by rest, is frequently reproduced by motion, and 
may lead to the perception of strength loss.

If the discomfort is referred from another area (e.g., the lungs, 
diaphragm, stomach, intestines, heart, or cervical spine), passive 
motion does not appear to be restricted. Pain is diffuse, poorly 
localized, and may be described as nagging, achy, or dull. Discom-
fort is usually worse at night. Discomfort is frequently related to 
symptoms in other areas (diffi culty breathing, chest pain, cough, 
gastrointestinal upset) and may not be reproduced by motion. 
Motion is generally good, but decreased strength or muscle atrophy 
is possible (e.g., disc herniation).

Pain is not the only presenting complaint. The patient may 
relate stiffness, swelling, and weakness as well. Specifi c points in 
the history may indicate the diagnosis. For example, pain radiat-
ing into the deltoid insertion at night, and an inability to lie on 
the involved shoulder correlates with a rotator cuff tear. Pain or 
numbness radiating into the hand when lying down, relieved with 
pulling the arm overhead may indicate cervical radiculopathy.

Physical Examination

The physical examination of the upper extremities also includes 
an examination of the cervical spine, the thoracic spine and rib 
cage, the heart, the lungs, the nervous system, the skin, and the 
abdomen. A rheumatologic and orthopedic examination is also an 
important part of the exam of the upper extremities. The examina-
tion for somatic dysfunction is integrated with all other parts of the 
physical exam.

Observation

Observation begins the moment the patient walks into the 
room. Observe overall posture and motion. Is there any abnor-
mality? Observe the patient in the standing position. Look at the 
height of the shoulders. A low shoulder may be the result of a short 
leg or a lateral curve. Look at the spine from the side. Is the tho-
racic kyphotic curve normal, increased, or decreased? A local area 
of thoracic spine fl attening (“pothole”) may indicate the presence of 
an extended somatic dysfunction. Begin at the shoulder and exam-
ine the skin of the upper extremity. Are there any scars from prior 
injuries? A transverse scar on the anterior neck may indicate a cer-
vical fusion. Is there any asymmetry? Areas that appear reddened or 
have pigment changes may have somatic dysfunction. Observe the 
various muscle groups bilaterally. Is there evidence of hypertrophy 
or atrophy? Look for the presence of fasciculation (small tremors) 
in the muscle. Look to see if the clavicles are symmetric. Did the 
patient ever fracture his or her clavicle or have a acomioclavicu-
lar separation? A visual and palpable deformity is usually present. 
Look at the hands. Is there deformity of the patient’s knuckles or 
fi ngers?

Structural Exam

A structural examination is an important part of the evaluation of 
the patient with an extremity complaint. Postural strain, muscle 
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index fi nger together while you try to pull them apart. If normal 
strength is present, it is diffi cult to pull them apart. Although not 
a test of strength, palpation for fl accidity may reveal muscles that 
should be tested. Observation, palpation, and measurement (with a 
tape measure) for muscle atrophy are important in the right clinical 
situation.

Sensation

This can be tested by light touch, pinprick, or two-point discrimi-
nation. Compare both sides and areas located superiorly with areas 
located inferiorly. Look for areas of either decreased or increased 
sensation. Sensation around the upper extremity is provided by fi ve 
different nerve supplies:

1. C5 supplies the lateral arm
2. C6 supplies the lateral forearm
3. C7 supplies the index fi nger
4. C8 supplies the medial forearm
5. T1 supplies the medial arm

Articular Confi guration and Physiologic Motion

The Glenohumeral Joint
The glenohumeral joint has been compared to a beach ball on a 
seal’s nose. It has signifi cant mobility, but little stability. The depth 
of the glenoid is increased by a cartilaginous cup or labrum. The 
joint capsule is normally quite lax and loose, particularly anteri-
orly and inferiorly, providing for excess movement. Joint stability is 
maintained by the attachment of the rotator cuff muscles (supraspi-
natus, infraspinatus, terres minor, and subscapularis) to the articu-
lar capsule. Movement then occurs in fl exion, extension, internal 
rotation, and external rotation. In the horizontal plane, with the 

forearm. With your elbow supporting the patient’s arm under the 
elbow’s medial side, place your thumb on the tendon of the biceps 
in the cubital fossa. Instruct the patient to rest the arm on your 
forearm and relax. Tap your thumbnail with a neurologic hammer. 
The biceps should jerk slightly. You should be able to see or feel its 
movement.

Brachioradialis Refl ex

This tests neurologic level C6. Support the patient’s arm in the 
same manner used to test the biceps refl ex. Tap the brachiora-
dialis tendon at the distal end of the radius with the neurologic 
hammer.

Triceps Refl ex

This refl ex tests neurologic level C7. Use the same position as 
above. Tap the triceps tendon where it crosses the olecranon 
fossa (2). Remember to use bilateral comparison.

Refl exes may be graded as shown in Table 43.10.

Motor Strength

The strength of various muscle groups can be evaluated by apply-
ing force in a manner that loads the muscle as the patient resists. 
Remember to test the uninjured side fi rst. Table 43.11 shows a 
standard method of recording motor strength.

Differences in muscle strength may be subtle. Compare the 
strength of various groups in different positions to get the full clin-
ical picture. There are some simple screening procedures that are 
useful. For cervical root or brachial plexus problems, perform a grip 
strength test by asking the patient to squeeze two of your fi ngers. 
Another simple test is to ask the patient to squeeze the thumb and 

T A B L E  4 3 . 8

Deep Tendon Reflexes of the Upper Extremity

Reflex Biceps Brachioradialis Triceps

Stimulus site Biceps tendon Brachioradialis tendon or just distal 
to the musculotendinous junction

Distal triceps tendon above 
the olecranon process

Typical response Biceps contraction Flexion of elbow and/or pronation 
of forearm

Elbow extension/muscle 
contraction

Central nervous system 
correlate

C5-6 C5-6 C7-8

T A B L E  4 3 . 9

Standard Method for Recording Amplitude 
of the Pulse

4/4 Bounding
3/4 Full, increased
2/4 Expected
1/4 Diminished, barely palpable
0 Absent, not palpable

T A B L E  4 3 . 1 0

Standard Method for Recording Amplitude 
of a Reflex

0 Absent
1/4 Decreased but present
2/4 Normal
3/4 Brisk with unsustained clonus
4/4 Brisk with sustained clonus
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Medial rotation involves lowering the hand (with the humerus 
remaining in the abducted position).

The Scapulothoracic Joint

In evaluating total shoulder girdle motion, observe the amount of 
scapulothoracic motion as the shoulder girdle moves. For the ini-
tial 30 degrees of abduction, glenohumeral motion is greater than 
scapulothoracic motion. Thereafter, both joints tend to move about 
the same amount. The ratio of motion in that fi rst 30 degrees has 
been reported to range from 4:1 to 7:1, the glenohumeral joint 
moving more (27). Therefore, smooth uninhibited function of 
both joints is important for shoulder abduction. Malposition of the 
scapula alters the working length of the shoulder girdle muscles. 
The scapula glides medially and laterally, superiorly and inferi-
orly, and rotates over the posterolateral chest cage. The position of 
the scapula can be evaluated in a seated or standing examination. 
Asymmetry of position of the scapula usually indicates asymmetry 
of motion. Scapular motion can be tested with the patient side-
lying. Grasp the scapula with both hands and take it through the 
various motions. The scapula can (5):

1. Glide forward and separate each vertebral border 15 cm and 
glide backward to bring the vertebral borders closer

2. Glide 10 to 12 cm superiorly and inferiorly
3. Rotate to elevate or depress the glenoid fossa 30 degrees 

each way

Costovertebral Joints of the First Rib

The costovertebral and costotransverse joints of the fi rst rib are 
synovial. The fi rst rib is an atypical rib and only articulates with 
the body of  T1. The common somatic dysfunction of the fi rst rib 
is elevation: the rib moves freely in elevation and has a restriction 
of motion to depression. Motion is tested by placing your thumbs 
over the posterior aspect of the rib and instructing the patient to 
take a deep breath. Assess the quality of motion in both inhalation 
(elevation) and exhalation (depression). Frequently, T1 is rotated 
and side-bent to the side opposite the side of the elevated fi rst rib.

Costosternal Joint of the First Rib

This is a synchondrosis, not a synovial joint. It is therefore very 
stable. Its functional purpose is more for support than for motion. 
Because of this stability, somatic dysfunction is not often found in 
this area; however, local tenderpoints do occur.

Sternoclavicular Joint

The sternoclavicular joint is the only true joint that attaches the 
upper extremity to the thoracic cage. In general, motion at this 
joint is minimal, yet palpable, and often correlates to visual asym-
metry as well. Because of anatomic proximity and ligamentous 
attachments, somatic dysfunction of the fi rst rib and the sterno-
clavicular joint is related. The sternoclavicular joint has a saddle-
shaped articular surface. The clavicular notch on the sternum is 
shallow and small compared to the articular surface of the medial 
end of the clavicle (22). Fortunately, this is a complex synovial joint 
that contains a cartilaginous meniscus. This provides some needed 
stability. The interclavicular ligament resists superior displacement 
of the sternal end of the clavicle. The costoclavicular ligament, 
attached to the fi rst costal cartilage, acts as a fulcrum and limits 
upward movement of the lateral end of the clavicle (22). As the 
clavicle abducts, this ligament helps produce a downward glide to 

humerus at 90 degrees to the trunk, it is also possible to have 
fl exion, extension, internal rotation, and external rotation (23).

Gross Motion Assessment of the shoulder can involve general 
screening tests or specifi c motion tests. Perform active gross motion 
testing fi rst, especially if an injury is present. Having the patient 
raise the arms overhead and touch the back of the hands together 
is an excellent screening test. Ability to comb the hair tests for 
external rotation and abduction. Reaching over the shoulder, as if 
to touch the opposite scapula (Apley scratch test), tests horizon-
tal abduction. Having the patient reach behind his or her back, 
as if reaching for the patient’s pocketbook, tests internal rotation. 
Shoulder motions can also be screened by the seven motions of 
Spencer (5).

A gross passive test of stability of the glenohumeral joint is to 
stabilize the scapula and translate the head of the humerus anteri-
orly and posteriorly. Compare both sides. An unstable joint moves 
too freely; with adhesive capsulitis, there is no motion. Orthopedic 
testing for laxity of the glenohumeral joint will determine if there 
is unidirectional or multidirectional laxity. Motion of the entire 
pectoral girdle can be evaluated without stabilizing the scapula to 
isolate glenohumeral motion. Additional motions can be tested, 
such as how freely does the arm move overhead? How freely does 
the arm reach across the torso? It is important to always compare 
both glenohumeral joints for asymmetry of position and motion. 
A summary of screening motions is found in Table 43.12.

Specifi c Motion Tests

Individual motions can be tested with the patient seated. Testing of 
the shoulder can be localized to the glenohumeral joint by stabiliz-
ing the scapula with one hand as the arm is moved with the other. 
It is important to hold (stabilize) the acromion so glenohumeral 
motion is assessed, as contrasted to scapulothoracic motion. Flex-
ion and extension motions are simple to test. For abduction, pay 
attention to the quality and end feel of motion as well as the actual 
quantity. Lateral (external) rotation can be tested with the humerus 
parallel to the torso, moving the patient’s hand/wrist laterally. 
From this position, medial (internal) rotation cannot be effectively 
tested because the forearm contacts the torso. Abduct the arm to 
90 degrees. Lateral rotation involves raising the hand superiorly. 

T A B L E  4 3 . 1 1

Standard Method for Recording 
Motor Strength

5/5 Normal Complete range of motion 
against gravity with full 
resistance

4/5 Good Complete range of motion 
against gravity with some 
resistance

3/5 Fair Complete range of motion 
against gravity

2/5 Poor Complete range of motion with 
gravity eliminated

1/5 Trace Evidence of slight contractility; 
no joint motion

0 Zero No evidence of contractility

Chila_Chap43.indd   649Chila_Chap43.indd   649 8/6/2010   9:08:15 PM8/6/2010   9:08:15 PM



650 III • APPROACH TO THE SOMATIC COMPONENT

meniscus. It depends on its ligamentous attachments for stability. 
The strongest ligament between the clavicle and scapula is the 
coracoclavicular ligament (22). The conoid portion of this liga-
ment prevents anterior rotation of the distal clavicle; the trape-
zoid portion resists posterior rotation of the distal clavicle (22). 
The A-C joint has motion about three axes, each of which is 
subtle and takes skill to palpate. The motions that occur include 
abduction (a superior-inferior movement) and rotation about a 
long axis down the clavicle. When testing motion, it is impor-
tant to realize that the small fl at downward surface of the clav-
icle faces downward and laterally. According to Greenman, the 
joint is approximately angled 30 degrees; therefore, treatment 
needs to be performed in 30 degrees of horizontal fl exion (23). 
When the clavicle is dysfunctional, there will be local tenderness 
at the A-C joint, but negative orthopedic shoulder separation 
tests.

Although Strachan (22) describes a mild elevation of the distal 
end of the clavicle as a somatic dysfunction, a true A-C separation 
goes beyond somatic dysfunction and is a traumatic injury, often 
occurring when patients fall on their shoulder. In this situation, 
the A-C joint can be tested for separation by palpating. With the 

the sternal end of the clavicle. The subclavius muscle depresses and 
pulls the medial end of the fi rst rib forward when the lateral end of 
the clavicle is elevated.

There are three types of motion in the sternoclavicular joint. 
Greenman states these are abduction, horizontal fl exion, and rota-
tion (23). During abduction, the proximal clavicle moves inferior in 
the frontal plane. Abduction and external rotation are linked, as is 
adduction and internal rotation. The fulcrum for superior–inferior 
movement is the costoclavicular ligament, located approximately 
1 inch lateral to the sternoclavicular joint (21). In the horizontal 
plane, the proximal clavicle translates anterior or posterior. Axial 
rotation also occurs down a theoretical long axis through the bone, 
as motion is transmitted through the humerus and scapula. It is 
important to note that the clavicle is not supplied with any rotator 
muscles, so it will rotate only as much as determined by motion 
introduced through the scapula.

A-C Joint

A-C function is important in overall shoulder motion. The A-C 
joint is a planar joint with a crescent-shaped rudimentary incomplete 

T A B L E  4 3 . 1 2

Active and Passive Range of Motion of the Upper Extremity Components

Area Active Passive

Finger Flexion (MCP: 85–90 degrees;
PIP: 100–115 degrees; DIP 80–90 degrees)
Extension (MCP: 30–45 degrees; PIP: 0 degrees; 
DIP 20 degrees)
Abduction (20–30 degrees)
Adduction (0 degrees)

Flexion
Extension
Abduction

Thumb Flexion (CMC: 45–50 degrees; MCP: 50–55 degrees; 
IP: 85–90 degrees)
Extension (MCP: 0 degrees; IP: 0–5 degrees)
Abduction (60–70 degrees)
Adduction (30 degrees)

Flexion
Extension
Abduction
Adduction

Wrist Abduction or radial deviation (15 degrees)
Adduction or ulnar deviation (30–45 degrees)
Flexion (80–90 degrees)
Extension (70–90 degrees)

Abduction or radial deviation
Adduction or ulnar deviation
Flexion
Extension

Forearm Pronation (85–90 degrees)
Supination (85–90 degrees)

Pronation
Supination

Elbow Flexion (140–150 degrees)
Extension (0–10 degrees)

Flexion
Extension

Shoulder Elevation/abduction (170–180 degrees)
Elevation/forward flexion (160–180 degrees)
Elevation/plane of scapula (170–180 degrees)
Lateral (external) rotation (80–90 degrees)
Medial (internal) rotation (60–100 degrees)
Extension (50–60 degrees)
Adduction (50–75 degrees)
Horizontal adduction/abduction 
(cross-flexion/cross-extension; 130 degrees)
Circumduction (200 degrees)
Scapular protraction
Scapular retraction

Elevation/forward flexion of arm
Extension/abduction of arm
Elevation/abduction of only 
Glenohumeral joint
Lateral rotation of arm
Medial rotation of arm
Extension of arm
Adduction of arm
Horizontal adduction/
abduction of arm
Quadrant test
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Each motion of the wrist has a normal range of motion. The 
wrist can fl ex 90 degrees and extend 70 degrees about its transverse 
axis and can abduct 20 degrees and adduct 50 degrees about its 
anteroposterior axis. Combined motion about both of these axes 
permits a motion called circumduction. Figures 43.3 and 43.4 
illustrate normal motion of fl exion and extension.

patient seated, palpate the A-C joint so that the fi ngers contact 
acromion as well as clavicle. With the arm at the patient’s side, 
pull inferiorly. This will gap the joint. A normal joint will resist 
gapping; a separated joint will gap easily. In an orthopedic injury 
to the joint, there is typically visual asymmetry, depending on the 
grade of ligamentous sprain.

Thoracic Inlet

The thoracic inlet can be considered anatomically and functionally. 
The anatomic boundaries include the manubrium of the sternum 
anteriorly, the fi rst thoracic posteriorly, and the fi rst rib laterally. 
When considering the defi nition functionally, the thoracic inlet 
comprises the manubrium of the sternum anteriorly, the fi rst four 
thoracic segments, and the fi rst and second ribs.

Thoracic Outlet

The thoracic outlet is the space between the anterior scalenes, 
where the subclavian artery and brachial plexus pass.

ELBOW AND FOREARM

Confi guration and Physiologic Motion

The ulnohumeral joint is the true elbow joint (6). The head of the 
radius at the proximal end of the radial bone near the elbow is not 
a part of the elbow joint. Primary motion of the normal elbow is 
160 degrees of fl exion and 0 degrees of extension about a trans-
verse axis (10 degrees of hyperextension is found in some indi-
viduals). The elbow joint is stable medially and laterally but weak 
anteriorly and posteriorly. Its anteroposterior stability and strength 
depends on the muscles that pass anteriorly and posteriorly to 
the elbow joint and on how fi rmly the trochlea of the humerus 
fi ts into the trochlear notch of the ulna. The medial side of the 
ulnar notch is anatomically elongated and there is a slight ridge 
in its joint surface. There is also a grooved spiral in the humeral 
joint surfaces. The groove/spiral anatomic characteristic causes the 
hand to normally move toward the mouth when the elbow is fl exed 
and to the lateral side of the hip when it is extended. This struc-
tural confi guration also produces the normal carrying angle of the 
arm, greater in the female than in the male. This carrying angle 
is not very noticeable if the arm is hanging at the side of a person 
because in this position, the forearm has a natural partial pronation. 
The elbow also “wobbles” into ulnar adduction during its normal 
motion.

WRIST AND HAND

Confi guration and Physiologic Motion

The hand joins the forearm by way of the true wrist joint. This 
is a stable joint composed of the radius, three carpal bones, and 
the attached cartilage. The basic confi guration of the true wrist 
(the radiocarpal joint) is illustrated in Figure 43.2. This joint 
has two major axes of motion: the transverse axis, around which 
there is fl exion and extension, and an anteroposterior axis, about 
which there is abduction and adduction. All motions are named 
according to the anatomic position of the joint and not accord-
ing to the position in which the physician is holding the hand 
in relation to the body of the patient. Movement of the wrist 
toward the thumb side is abduction and toward the little fi nger is 
adduction.

Figure 43-2 Right radiocarpal joint (true wrist joint) and distal 
radioulnar joint. R, radius; U, ulna; S, scaphoid; L, lunate; T, triquetral. 
(Illustration by W. A. Kuchera.)

Figure 43-3 Wrist fl exion: dorsal glide of proximal carpal bones. 
(Illustration by W. A. Kuchera.)

A B C
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play,” “translation,” or “glide.” For the glenohumeral joint, the 
osteopathic profession does not name specifi c somatic dysfunctions 
based on this concept. Dysfunctions of the shoulder joint are active 
or passive exaggerations of its cardinal movements (22). Many 
osteopathic physicians will evaluate each single plane motion (i.e., 
extension) and treat restrictions of motion in that single plane. In 
addition to articular restrictions, there are fascial restrictions that 
traverse the shoulder joint that can limit shoulder motion. Jones 
strain-counterstrain points and Simons and travel myofascial ten-
derpoints occur in the muscles controlling the glenohumeral joint. 
Dysfunctions elsewhere in the body can produce symptoms refer-
able to the shoulder joint. For example, an A-C joint dysfunction 
can cause deltoid muscle tension, just as a sacroiliac dysfunction 
can cause latissimus dorsi tightening. Both situations will pro-
duce shoulder pain. Greenman feels that the primary motion loss 
involves abduction and external rotation. The humeral head moves 
cephalad and caudad on the glenoid during abduction. Loss of this 
ability is signifi cant in shoulder function (23).

Somatic Dysfunction of the Clavicle

Although motion is understood, standard terminology of clavicle 
motion is not well described in the osteopathic literature. It is 
thought that there is reciprocal motion between the distal end and 
the proximal end of the clavicle. Anterior motion at the distal end 
of the bone results in posterior motion at the proximal end. Supe-
rior motion that occurs at the distal end of the clavicle results in 
inferior motion at the proximal end. Rotation of the entire clavicle 
(anterior or posterior) occurs about a theoretical long axis. Motion 
at the sternoclavicular joint and the A-C joint is not to the same 
degree, due to their anatomic confi guration. More motion is avail-
able at the distal end of the clavicle, due to the type of joint present 
and the S-like shape of the bone. Motion of the clavicle is impor-
tant during respiration where it must remain mobile during each 
phase of respiration, as it is related to the mechanics of the fi rst rib. 
When there is dysfunction of the fi rst or second rib, assessment of 
the clavicle is important. The physician needs to determine if an 
orthopedic injury exists (sprain) versus a subtle motion restriction 
as seen with somatic dysfunction.

Somatic Dysfunction of the A-C Joint

The primary somatic dysfunction diagnosed at the A-C joint 
occurs when rotation of the clavicle (about a long axis) becomes 
restricted. When the humerus is fully fl exed, the clavicle will rotate 
posteriorly. When the humerus is fully extended, the clavicle rotates 
anteriorly. This subtle motion can be palpated with one fi nger on 
the acromion and a second on the clavicle. Restriction of humeral 
fl exion is related to an anterior clavicle dysfunction. In this situa-
tion, the supraclavicular space feels wider and the associated fascia 
is tense. Restriction of humeral extension is related to a posterior 
clavicle dysfunction. In this situation, the supraclavicular space 
feels narrower and the associated fascia is less tense.

Greenman determines rotation restriction of the A-C joint 
differently. According to the orthopedic literature, the A-C joint is 
inclined in the coronal plane, approximately 20 to 50 degrees (27). 
Greenman assesses the A-C by placing the glenohumeral joint in 
30 degrees of horizontal fl exion and abduction to the fi rst barrier. 
He then applies introduces internal and external rotation of the 
glenohumeral joint until motion or a restrictive barrier is found 
at the A-C joint. Greenman describes another dysfunction of the 
A-C joint, in which he describes restricted abduction. The A-C 
joint is evaluated with the glenohumeral joint placed in 30 degrees 

Axial Component

The axial component to the patient’s upper extremity complaint 
needs to be the fi rst step in the evaluation of an extremity complaint. 
Key areas to evaluate include the upper thoracic spine (T1-6) and 
the ribs, the thoracolumbar junction (T10-L2), and the midlower 
cervical spine (C4-7). Segmental motion restrictions in any or all 
of these areas need to be evaluated.

Vertebral and rib somatic dysfunction can cause increased 
sympathetic tone to the upper extremity. Increased sympathetic 
tone to the upper extremity causes nondermatomal paresthesias, 
pain, muscular tension/irritability, vascular reactivity, and sweat 
gland dysfunction. Increased sympathetic tone can occur with any 
facilitated segment; however, extended single segment dysfunc-
tions tend to be more symptomatic than fl exed ones (30). Bilateral 
rib dysfunction can occur with these dysfunctions. Long-standing 
dysfunctions will facilitate the segmental spinal cord and affect the 
organs and tissues served by these levels.

A facilitated segment in the upper thoracic spine can produce 
symptoms in both upper and lower limbs. Originally described by 
Dr. Norman Larson (a CCOM grad) as the “T2–3 syndrome” or 
“Functional Vasomotor Hemiparesthesia,” Larson described uni-
lateral paresthesias on one side of the body related to high thoracic 
somatic dysfunction. This affected not only the arm but the leg as 
well (28).

Not all axial components are single type II dysfunctions. Also 
consider group spinal mechanics, short leg syndrome, and idio-
pathic scoliosis as part of the “axial component.” Convexities on 
the symptomatic side tend to maintain rib dysfunction and referred 
pain into the involved upper extremity. Poor scapular tracking due 
to a lateral curve can be involved in an upper extremity complaint.

When considering upper extremity conditions, the thora-
columbar junction (T10-L2) is an important area to diagnose and 
treat. Dysfunction here can have widespread effects. For example, 
an extended dysfunction at T12 may cause latissimus dorsi hyper-
tonicity, which limits shoulder external rotation and fl exion.

Somatic Dysfunction of the Glenohumeral Joint

Somatic dysfunction by defi nition occurs in the minor motions of 
the joint. Due to the ball-and-socket nature of the glenohumeral 
joint, this would include restrictions of translatory motions, 
which can occur in many directions. Some authors call this “joint 

Figure 43-4 Wrist extension: anterior (ventral) glide of proximal 
carpal bones. (Illustration by W. A. Kuchera.)
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of horizontal fl exion and abduction is introduced until a restrictive 
barrier is found (23).

Despite the different methodologies of determining dysfunc-
tion, the easiest treatment approach for these A-C restrictions is to 
use the humerus as a lever. Flexing/extending or internally/exter-
nally rotating the arm transmits force to the acromion and then 
through the A-C joint. If the arm exhibits restriction of motion, 
engage the barrier, hold, and have the patient contract against your 
holding force (using principles of muscle energy technique).

Somatic Dysfunction of the Sternoclavicular Joint

The proximal clavicle can move/glide anteriorly or posteri-
orly, superiorly or inferiorly, as well as rotate anteriorly/posteri-
orly. Motions at the sternoclavicular joint can be palpated as the 
patient’s arm is horizontally fl exed, shrugged, or internally/exter-
nally rotated. Small gliding motions can also be directly intro-
duced with your fi ngertips, looking for restriction (or freedom) 
of motion. Both Strachan and Greenman describe two primary 
dysfunctions of the sternoclavicular joint (22,23): One in which 
there was upward displacement of the proximal clavicle and one 
in which there is anterior displacement of the clavicle. Although 
terminology is not consistent, the dysfunction is the same. Abduc-
tion dysfunction (upward displacement of the proximal clavicle) 
is tested by having the patient “shrug their shoulders.” The nor-
mal fi nding is for the medial end of both clavicles to move cau-
dad. If an abduction restriction is present, the medial end of one 
will stay superior, in the original position. To test for a restriction 
of horizontal fl exion (anterior displacement), the medial ends of 
the clavicles are palpated while the supine patient is instructed 
to reach toward the ceiling. The normal fi nding is for the medial 
end of the clavicles to move posteriorly. If a horizontal fl exion is 
present, the medial end of one (or both) will stay anterior in the 
original position (23). Although not a primary dysfunction, to test 
for rotation, the patient’s arm is placed in 90 degrees abduction, 
with the elbow fl exed. While palpating the sternoclavicular joint, 
internal/external rotation of the humerus is introduced, transmit-
ting motion to the sternoclavicular joint. At the end range of inter-
nal rotation, the proximal clavicle should rotate anteriorly. At the 
end range of external rotation, the proximal clavicle should rotate 
posteriorly. Strachan also discusses an element of impaction that 
occurs with clavicular dysfunction and hypermobility with chronic 
dysfunctions (22).

Somatic Dysfunction of the Elbow Joint

Somatic dysfunction of the elbow joint is named according to the 
minor motion that is present of the ulnohumeral joint, that is, ulnar 
abduction, or ulnar adduction (Fig. 43.5). An abduction somatic 
dysfunction appears as though the arm is more angulated, as there 
would be an increased carrying angle. In an adduction somatic 
dysfunction, the arm appears straighter, decreasing the carrying 
angle (producing a “gunstock deformity”) (Fig. 43.6). Patients may 
complain of forearm tightness or wrist pain with either dysfunc-
tion. Patients occasionally have point tenderness of the lateral or 
medial epicondyle, confusing this condition with epicondylitis. 
There is reciprocal motion between the elbow and the wrist. If the 
elbow prefers abduction, the wrist will prefer adduction and vice 
versa. Somatic dysfunction of the elbow will affect full fl exion and 
extension of the elbow. An elbow that does not go completely into 
extension typically has somatic dysfunction, an orthopedic condi-
tion, or both. The “smoothness” or quality of fl exion and extension 
of the elbow may also be affected.

Figure 43-5 (A) Ulnar abduction, (B) ulnar neutral, and (C) ulnar 
adduction. (Illustration by W. A. Kuchera.)

Figure 43-6 Carrying angle and parallelogram effect. (Illustration 
by W.A. Kuchera.)
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have taken place. In some unknown way, the collagen tissues often 
retain stress patterns of past injury. This means that clinically, it 
is important to treat forearm dysfunction right away before these 
patterns have a chance to develop. In such cases, palpation of the 
interosseous membrane reveals increased tension and elicits areas 
of subjective tenderness. Interosseous strains may be treated with 
direct or indirect fascial treatments.

Ulnohumeral and Radiocarpal Dysfunction

The radius and ulna are held in a parallelogram arrangement by 
the radiocarpal joints (Fig. 43.8). The ulna is part of the elbow 
joint, and the radius is part of the wrist joint. The radius is able to 
move more freely than the ulna. With the ulna relatively fi xed at 
the ulnohumeral joint and the radius fairly fi xed at the radiocarpal 
joint (especially with the scaphoid), abduction or adduction of the 
ulna results in a reciprocal positioning of the hand. During abduc-
tion of the ulna, the radius glides distally and the wrist is literally 
pushed into increased adduction. During adduction of the ulna, 
the radius glides proximally and the wrist is pulled into a more 
abducted position, compared with the position of the opposite 
wrist. If this reciprocal positioning principle of the elbow and the 
wrist is incorporated in the direct and indirect treatment of ulnar 
abduction or adduction somatic dysfunctions, these techniques 
will become more effective and effi cient. The parallelogram 
arrangement of the forearm bones with the action of the proximal 
and distal radioulnar joints permits forearm/wrist motions. As 
these motions occur, the interosseous membrane (a radioulnar 
fi brous joint) provides stability to the forearm and prevents stress 
of the ligaments and/or bony compression in the forearm or the 
wrist.

Strachan described an internal and external rotation dysfunc-
tion of the ulna in relation to the humerus (22). This dysfunction 
was assessed by moving the forearm into complete supination 
and pronation and attempting to spring it further. When consid-
ering somatic dysfunction of the forearm, inspection by itself is 
usually not very helpful, although it may be helpful when the 
carrying angle has been affected by somatic dysfunctions of the 

Several principles govern the elbow joint area:

1. Somatic dysfunction of the extremity is found in the minor 
gliding motions of the joint, not the major motions

2. Somatic dysfunction of the ulnohumeral joint is usually pri-
mary and somatic dysfunction of the radioulnar joints is usually 
secondary

3. Impaired function of any joint of the arm produces compensa-
tory changes in all other joints. If total functional demand over-
taxes any one of the other joints, secondary somatic dysfunction 
is also produced in those joints

Somatic Dysfunction of the Forearm

Patients who repetitively use their forearms (D.O.s, carpenters, 
mechanics, etc.) may have increased tension and tenderness in 
the whole forearm muscular “system.” This type of fi nding may 
be related to increased sympathetic tone from upper thoracic/rib 
somatic dysfunction, as well as overuse. However, repetitive over-
use may strain the forearm, wrist, or elbow and can also very easily 
strain the forearm muscles and interosseous membrane.

Interosseous Membrane Dysfunction

The true elbow and wrist joints are functionally linked with the 
radius by the proximal and distal synovial radioulnar joints and a 
fi brous middle radioulnar joint called the interosseous membrane 
(Fig. 43.7). The interosseous membrane maintains functional 
symmetry and stability of the forearm. The proximal and distal 
radioulnar joints allow pivot action, permitting supination and 
pronation of the hand. The fi bers of the interosseous membrane 
extend cephalad from attachment on the ulna to a more proximal 
attachment on the radius. This arrangement allows the bones of 
the forearm to share the forces of compression whether they occur 
from the hand upward or the shoulder downward.

Interosseous membrane dysfunction can perpetuate elbow or 
wrist disability long after proper orthopedic care and complete 
healing of strains, sprains, or fractures of the elbow or wrist should 

Figure 43-7 Forearm: interosseous membrane. (Illustration by 
W.A. Kuchera.)

Figure 43-8 Right forearm: parallelogram effect. (Illustration by 
W.A. Kuchera.)
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are under the patient’s elbow and the thumb of that hand is palpating 
the radial head while the other hand supinates or pronates the 
patient’s hand. Motion in the symptomatic forearm is compared 
with motion in the opposite or normal forearm.

Somatic Dysfunction of the Wrist

If the wrist hurts, look at the elbow. The only sign of somatic dys-
function of the elbow may be a complaint of wrist pain. The true 
wrist is the ellipsoid synovial radiocarpal joint formed by a concav-
ity in the distal end of the radius, three proximal carpal bones of 
the wrist (the navicular or scaphoid bone in the snuffbox of the 
wrist, the lunate, and the triquetral bones), and an articular disc. 
The articular disc separates the true wrist joint from the distal 

ulnohumeral joint. Increased abduction of the ulna would increase 
the carrying angle and encourage adduction of the hand at the 
wrist. Increased adduction of the ulna at the elbow encourages 
some abduction of the hand at the wrist. This is noticed as less 
adduction of the hand at the wrist.

If all ulnohumeral joint somatic dysfunction has been treated, 
there is no infl ammation in the elbow joint, and the elbow still 
cannot be fl exed completely, the problem is most likely one of the 
radioulnar joints, usually the proximal one. The interosseous mem-
brane may also be involved.

Radial Head Somatic Dysfunction

There is reciprocal motion of the radius. When the hand is 
pronated, the distal end of the radius crosses over the ulna as it 
moves anteriorly and medially (Fig. 43.9). Near the end of full 
pronation, the head of the radius glides posteriorly, that is, there 
is reciprocal motion of the radial head relative to the distal radius. 
Motion in an arc opposite from the position of the pronated hand 
is called supination (Fig. 43.10). When the forearm is supinated, 
the distal end of the radius moves posteriorly and the radial head 
glides anteriorly.

Posterior radial head somatic dysfunction is usually produced 
by a fall forward onto the palm of an outstretched hand because 
the anterior motion of the distal radius, started by the pronation, is 
accentuated. Though a fall forward is on the hand, the hand is in 
a pronated position, and the forward vector of the hand and body 
pushes the distal radius into a more anterior rotation, causing the 
radial head to move posteriorly (Fig. 43.11).

An anterior radial head somatic dysfunction is likely to result 
from a fall backward, where the patient extends the arm posteriorly 
to break the impact of the fall, lands on the palm, and forces the 
distal end of the radius posteriorly. In this type of injury, the fore-
arm is in the supinated anatomic position (Fig. 43.12).

These motions are best palpated near the end of full supination 
or pronation of the hand. They are palpable if the operator’s fi ngers 

Figure 43-9 Forearm: pronation. (Illustration by W.A. Kuchera.)

Figure 43-10 Forearm: supination. (Illustration by W.A. Kuchera.)

Figure 43-11 Forward fall on outstretched hand. (Illustration by 
W.A. Kuchera.)
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dominant fl exor muscle mass. Other factors such as osteoarthritis, 
cartilage tears, or occult fractures can limit wrist extension as well.

Several principles describe somatic dysfunction of the wrist:

1. Observation is not very helpful when looking for somatic dys-
function; swelling of the wrist is an inconsistent sign

2. Painful compression means dysfunction is present, but this test 
does not diagnose the specifi c problem that is present

3. Radial glide and limited parallelogram motions are not obvious 
until the opposite motion is attempted. If there is an adduction 
somatic dysfunction at the wrist with a proximal shift of the radius, 
the problem may not be evident until abduction of the wrist is 
tested and the results are compared with the opposite side

4. Flexion/extension somatic dysfunction of the wrist is usually 
caused by a trauma that overcomes the ligamentous restraints 
and opposing muscle pull. This can often result if a strain or 
sprain exceeds the extent of a somatic dysfunction. Restricted 
extension of the wrist is its most common major motion loss 
caused by dysfunction

Somatic Dysfunction of the Hand

Intercarpal Joints
Intercarpal somatic dysfunction often occurs from a fall on an out-
stretched hand. For this reason, somatic dysfunction in these areas 
is very likely to have a compression component. If the wrist joint 

radioulnar joint. The head of the ulna (the distal end of the ulna) is 
not a part of the true wrist joint.

Somatic dysfunction is not related to the gross motions of the 
wrist but to dysfunction of the slight gliding motions of the carpal 
bones on the radius as the wrist is moved. In Figures 46-11 and 
46-12, notice the direction of glide of the carpal bone during each 
of these wrist motions. Somatic dysfunction of the wrist is named 
according to the direction of motion preference. If a wrist extends 
and is restricted in its full fl exion, it is an extension somatic dys-
function (Fig. 43.13), with the wrist restricted in fl exion. In this 
extension somatic dysfunction, the three carpal bones glide ven-
trally and are restricted in gliding dorsally. The opposite is true 
for a fl exion somatic dysfunction of the wrist; similar relationships 
occur for the other wrist motions. Restriction of wrist extension 
is more common than restriction of wrist fl exion. This is prob-
ably due to a more developed and dominant fl exor muscle mass. 
A restriction of wrist extension is typically seen with increased 
tension of the forearm fl exors.

The scaphoid, lunate, and triquetral bones fi t into the concavity 
of the radius. The articular disc between these bones also separates 
these articulations from the radioulnar articulation and binding of 
the ulna to the radius. The joint moves around an A/P transverse 
axis and allows for the movements of fl exion/extension and abduc-
tion/adduction. Flexion is more prominent as is adduction. The 
carpals can move slightly forward, backward, medially, or laterally. 
Carpal bones can be displaced toward the palm or dorsally. When 
this occurs, there is usually some visual and also palpatory evidence. 
There may be associated motion restriction of the wrist. Dorsally 
displaced carpal may impede wrist extension. Carpals displaced 
toward the palm can narrow the carpal tunnel. The scaphoid, 
lunate, and triquetral articulate with the distal row of carpals or 
the trapezium, trapezoid, capitate, and hamate. Movement is freer 
in fl exion than in extension. There is a slight amount of side-to-
side rocking allowed by the gliding between the two rows of bones. 
Additionally, there may be dysfunction of the intercarpal joints. 
Actually, this is more of a partial dislocation of a carpal bone.

Dysfunction at the wrist follows the motion restrictions seen at 
the elbow. There is reciprocal motion. If the elbow moves freely into 
abduction, the wrist will move freely into adduction and vice versa. 
Restriction of wrist extension is more common than restriction 
of wrist fl exion. This is probably due to a more developed and 

Figure 43-12 Fall backward on extended arm. (Illustration by 
W.A. Kuchera.)

Figure 43-13 Wrist extension: somatic dysfunction. (Illustration by 
W.A. Kuchera.)
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and weakness of the hands (9). Carpal tunnel syndrome is 
frequently associated with repeated or sustained activity of the fi n-
gers and hands. Incidence rates are reported as high as 25.6 cases 
per 200,000 work hours (10) and involving 10% of workers. Medi-
cal cost estimates vary from $3,500 to $60,000 per case (11).

Patients experience numbness or paresthesia on the palmar sur-
face of the thumb, index, and middle fi ngers, and radial half of the 
ring fi nger. Numbness and paresthesia of the whole hand may also 
occur. Pain may be referred to the forearm and, less commonly, to the 
neck and forearm regions. Pain or tingling of the fi ngers often occurs 
at night and is relieved by shaking or exercising the hand. Weakness 
and atrophy of the thenar muscles usually appear late and can occur 
without signifi cant sensory symptoms. On examination, symptoms 
may be reproduced by percussion over the volar surface of the wrist 
(Tinel sign) or by full fl exion of the wrist for one minute (Phalen 
maneuver). Decreased touch may be demonstrated over the fi ngers 
supplied by the median nerve. Nerve conduction studies are consid-
ered to be the gold standard for the diagnosis of this condition (9).

The syndrome is traditionally described as resulting from pres-
sure on the median nerve where it passes with the fl exor tendons 
of the fi ngers through the tunnel formed by the carpal bones and 
the transverse carpal ligament (9). Additional explanations exist. 
Single compressions of dog sciatic nerves have failed to produce 
signifi cant conduction loss. Both proximal and distal compressions 
have produced conduction blocks in 50% of test animals (12).

In 1973, Upton and McComas (13) proposed the existence of 
the “double crush syndrome.” This syndrome hypothesizes that neu-
ral function is impaired when single axons that are compressed on 
one region become especially susceptible to damage in another area. 
The authors report that a slight compression may cause a reduc-
tion in axoplasmic fl ow that is too small to result in denervation 
changes, but when coupled with the onset of a slowed lesion, might 
further reduce axoplasmic fl ow below the safety margin for preven-
tion of denervation at a distal lesion, and clinical symptoms ensue 
(13). Abramson et al. demonstrated that decreased blood supply to 
a nerve alters conduction (14). Larson suggested that upper tho-
racic dysfunction alters upper extremity vasomotion (15). Hurst et 
al. demonstrated a relationship between cervical arthritis and bilat-
eral carpal tunnel syndrome (16). Sunderland has suggested that 
lymphatic and venous congestion contributes to this disorder (17).

The treatment of carpal tunnel syndrome has traditionally 
involved the use of wrist splints, anti-infl ammatory drugs, and 
local injection of steroids. Surgical decompression of the carpal 
tunnel with release of the transverse carpal tunnel ligament is used 
if symptoms persist or if motor abnormalities are present (9,18). 
Evidence in the preceding paragraph suggests that the hand symp-
toms may be related to dysfunctions in the upper extremity, and the 
cervical and thoracic spine. Osteopathic treatment incorporates the 
modalities described above and should also include:

1. Reducing sympathetic tone to the upper extremity by correct-
ing upper thoracic and upper rib dysfunctions. This directly 
affects nerve function by improving blood fl ow and reducing 
congestion through improved lymphatic and venous drainage. 
An internally rotated temporal bone may be associated with 
increased sympathetic tone in the upper thoracic spine and, if it 
is diagnosed, should also be treated.

2. Removing cervical somatic dysfunction to improve brachial 
plexus function

3. Removing myofascial restrictions in the upper extremity, 
thereby removing potential sites of additional compression

4. Increasing space within the carpal tunnel using direct release 
techniques

is swollen, the physician must rule out fracture of the navicular 
bone (scaphoid). This is also true if there is pain on pressure over 
the snuffbox, or if there is persistent pain and dysfunction after 
proper conservative care, even if the initial posttrauma radiographs 
showed no evidence of fracture. Sometimes, the scaphoid does not 
reveal evidence of fracture until the disruption in its blood supply 
slowly produces degeneration of the bone.

Carpometacarpal Joints
All of these joints, except the thumb, are classifi ed as plane syn-
ovial joints, which share a common joint cavity with the intercarpal 
joints. Their main type of somatic dysfunction is a dorsal glide with 
restriction in ventral glide. Palpation at the base of the suspected 
metacarpal may reveal an abnormal anterior or posterior position 
in relation to the carpals. Mobility is assessed by moving the meta-
carpal heads back and forth. A restriction of both motions indi-
cates an impaction or compression type of dysfunction.

The carpometacarpal joint of the thumb is different; it is a 
separate saddle-type joint, having both a concave and a convex 
articular surface. This confi guration permits angular movements in 
almost any plane with the exception of limited axial rotation. Only 
a ball-and-socket joint has more motion than the carpometacarpal 
joint of the thumb. Because it has very good motion, it is more 
likely to have compression strain or sprain of the ligaments than to 
have somatic dysfunction.

MP and IP Joints
The MP joints and all the IP joints of the hand are gliding joints. 
The fi fth MP joint has the most motion; there is less motion in the 
fourth MP joint, and the third and second MP joints have the least 
motion. The MP and IP joints may develop somatic dysfunction in 
any one of a combination of six gliding motions:

■ Anteroposterior glide
■ Mediolateral glide
■ Internal-external rotational glide
■ All of these motions are minor and cannot be initiated directly 

by muscle action

Compression is always part of MP and IP somatic dysfunctions, as 
when a ring on a fi nger gets caught as a person jumps over a wire 
fence. Intermetacarpal cramps and pain may be a sign of MP or IP 
somatic dysfunction. Pain in the metacarpal joints may be referred 
from an ulnohumeral joint somatic dysfunction. Dysfunction of the 
fi ngers typically involves the fascial components. There are usually 
restrictions of fascial rotation, abduction/adduction, or compres-
sion/distraction. These types of problems manifest as impediments 
in fi nger fl exion, swelling of the digits, or pain. Jones tenderpoints 
occur in the upper extremity as well. A common tenderpoint called 
CM1 (thenar point) is found in the thenar muscle mass. It is com-
monly found in patients who use their hands repetitively.

Special Tests for the Upper Extremity

There are many special tests of the upper extremity that are useful 
to determine if orthopedic, neurologic, or vascular compromise is 
present.

OSTEOPATHIC TREATMENT: COMMON 
CLINICAL CONDITIONS

Carpal Tunnel Syndrome

This condition is most commonly described as an entrapment 
neuropathy of the median nerve at the wrist producing paresthesia 
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to address the axial spinal component, improve scapular mobility, 
decrease fascial tensions, improve local blood fl ow, and reduce 
pain. The addition of physical therapy is critical, but at the right 
time, and in the correct fashion. Exercises work better when areas 
of somatic dysfunction have been improved and infl ammation has 
diminished. Proper strengthening and stretching will decrease the 
chances of somatic dysfunction reoccurring as well.

Adhesive Capsulitis

Also known as “frozen shoulder,” this condition is characterized 
by pain and restricted movement of the shoulder, usually in the 
absence of intrinsic shoulder disease. Adhesive capsulitis may fol-
low bursitis or tendonitis of the shoulder or may be associated with 
systemic disorders, such as chronic pulmonary disease, myocardial 
infarction, and diabetes mellitus. Prolonged arm immobility con-
tributes to the development of this condition. Refl ex sympathetic 
dystrophy is thought to be a pathogenic factor. The capsule of the 
shoulder is thickened, and a mild, chronic, infl ammatory infi ltrate 
and fi brosis may be present.

Pain and stiffness usually develop gradually over several 
months to a year, but may progress rapidly in some patients. Pain 
may interfere with sleep. The shoulder is tender to palpation, and 
active and passive motions are restricted (9).

Early mobilization after an injury to the arm or shoulder may 
help prevent the development of this condition. Local injection 
of corticosteroids and administration of nonsteroidal anti-infl am-
matory drugs and physical therapy may help (9). Osteopathic 
manipulation should be directed to the upper thoracics, upper ribs, 
and entire shoulder complex. The objective is to improve motion. 
Avoid taking the patient into the “crampy” pain zone. This only 
slows progress. Only progress as fast as the patient can respond. 
Indirect techniques may be especially effective in the initial treat-
ment phases.

Thoracic Outlet Syndrome

This condition results from compression of the neurovascular bun-
dle (subclavian artery, subclavian vein, and brachial plexus) as it 
courses through the neck and shoulder. Several dysfunctions may 
compress the neurovascular bundle as it passes from the thorax to 
the arm, including:

■ Cervical ribs
■ Excessive tension in the anterior and middle scalene muscles
■ Dysfunction of the clavicle, upper ribs, or upper thoracics
■ Abnormal insertion of the pectoralis minor muscle
■ Patients may develop
■ Shoulder and arm pain
■ Weakness
■ Paresthesia
■ Claudication
■ Raynaud phenomenon
■ Ischemic tissue loss
■ Gangrene

Examination is often normal unless provocative maneuvers are 
performed. Occasionally, distal pulses are decreased or absent and 
digital cyanosis and ischemia may be evident. Tenderness may be 
present in the supraclavicular fossa (9). Some forms of thoracic 
outlet syndrome are associated with sympathetic autonomic dys-
function, which produces upper extremity symptoms. Sympa-
thetic dysfunction has accompanying palpatory fi ndings in the 
upper thoracic or rib area. Most patients can be conservatively 

Tennis Elbow

Tennis elbow is also known as lateral epicondylitis. This condition 
is thought to be an infl ammatory response to overuse of the exten-
sor muscle group attached to the lateral epicondyle of the humerus. 
There is also the thought that this condition may be related to a 
degenerative tendonosis and/or ischemic phenomenon. It is usu-
ally caused by repeated overload of the musculotendinous units. 
This condition produces pain that may be localized to the lateral 
epicondyle or may radiate down the forearm extensor group or up 
into the brachioradialis muscle. The pain is intensifi ed by resistive 
extension of the wrist and fi ngers, or by shaking hands. Pressure 
over the lateral epicondyle is painful (7,8).

Common areas of somatic dysfunction include the ipsilateral 
upper thoracic spine and ribs, the radial head and ulnohumeral 
joint, the lower cervical spine, and the pronator teres muscle. 
OMT directed to the upper thoracic spine and counterstrain for 
the affected ribs will decrease muscle tension of the forearm as well 
as tenderness of the lateral epicondyle. Counterstrain for the exten-
sor tendons is useful as well. Treatment of a radial head dysfunction 
or an abducted ulna may completely resolve symptoms in patients 
with lateral epicondyle pain, but not true epicondylitis.

Rotator Cuff Tendonitis

Rotator cuff disease and impingement syndromes are commonly 
seen disorders in occupational, athletic, and traumatically injured 
patients. They are also common in the aging athletic or active 
patient, who becomes more sedentary. Rotator cuff disease can be 
caused by repetitive overuse (micro trauma), a single traumatic event 
(macro trauma), instability of the glenohumeral joint, or musculo-
tendinous fi ber failure. Most rotator cuff problems are muscular 
and result from a degenerative tendonopathy due to intrinsic mus-
cular fatigue. The muscles that comprise the rotator cuff include 
the supraspinatus, infraspinatus, teres minor, and subscapularis. 
Supraspinatus is the most commonly involved muscle in rotator 
cuff injury. Each cuff muscle plays a unique and important role 
in stabilizing the shoulder. Impingement syndromes are biome-
chanical causes of, or the effects of, rotator cuff disease. The classic 
concept of impingement involves “outlet impingement” between 
the greater tuberosity and the acromion. Narrowing of this subac-
romial space produces soft tissue encroachment, edema, and ten-
donitis. Neer classifi ed impingement and rotator cuff disease into 
three stages: infl ammation and edema (I), fi brosis and tendonitis 
(II), and partial or complete tearing (III) (26). In younger athletes, 
this type of impingement can occur due to ligamentous laxity and 
muscle imbalance. Another form of impingement exists, primar-
ily in throwing athletes. Called internal impingement, it involves 
impingement of the surface of the rotator cuff under the posterior-
superior glenoid rim (26).

Posture, core muscle strength, and anatomic position of the 
scapula are critical factors in rotator cuff impingement. It is a total 
body problem, not an isolated joint infl ammation. Somatic dysfunc-
tion of the upper thoracic spine and ribs contributes to abnormal 
rotator cuff fi ring patterns and fatigue. Cervical somatic dysfunc-
tion can impair nerve function to the muscles of the rotator cuff, 
also impairing muscle strength. Sacroiliac and lumbar dysfunction 
can affect the shoulder through tension in the latissimus dorsi mus-
cle. In patients with poor posture, weak core muscles and somatic 
dysfunction, muscles of the cuff (and surrounding the shoulder) 
tend to develop Jones tender points or Simon-Travell myofascial 
trigger points. Left untreated, these points perpetuate the problem 
by maintaining muscle inhibition, tightness, and pain. OMT needs 
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managed. Patients should avoid positions that aggravate symptoms. 
Osteopathic treatment should be directed toward improving 
mechanics in the:

■ Cervical region
■ Upper thoracics
■ Upper ribs
■ Clavicles
■ Scalene muscles
■ Muscles of the shoulder and pectoral girdle
■ Surgical intervention is a last resort.

SUMMARY

Osteopathic clinical examination of the upper extremity includes 
the diagnosis of somatic dysfunction integrated into the examina-
tion procedure. The relationship between anatomic structure and 
physiologic function is considered prior to deciding a treatment 
plan. Osteopathic treatment needs to address the specifi c diag-
nosis, incorporating the innate ability of the patient to heal given 
the appropriate environment of improved tissue function. OMT 
directed at the somatic component of the patient’s condition will 
improve the tissue’s function and thus the patient’s own ability to 
heal himself or herself.
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Abdominal Region
RAYMOND J. HRUBY

HISTORICAL PERSPECTIVE AND SUPPORTIVE 
EVIDENCE

Osteopathic manipulative techniques can be used as part of a complete 
treatment approach to abdominal visceral problems. Such techniques 
have been part of osteopathic practice since the time of Andrew Tay-
lor Still, the founder of osteopathic medicine. One early description 
of abdominal visceral treatment by Still is that of his fi rst case of 
“fl ux,” or dysentery, in a 4-year-old boy. He describes his examination 
of the child, noting that the child’s back was hot while the abdomen 
was cold to the touch. In writing about his treatment, he states

I began at the base of the brain, and thought by pressures and 
rubbings I could push some of the hot to the cold places, and in so 
doing I found rigid and loose places on the muscles and ligaments 
of the whole spine, while the lumbar was in a very congested con-
dition. I worked for a few minutes on that philosophy, and told 
the mother to report next day, and if I could do anything more 
for her boy I would cheerfully do so. She came early next morning 
with the news that her child was well (1).

Still described having treated many other similar cases with a high 
degree of success. His knowledge of the structure–function relation-
ships involved with abdominal conditions was extensive enough to 
warrant an entire chapter of one of his books being devoted to this 
topic (2).

Other osteopathic physicians since the time of Still have pro-
moted the use of osteopathic manipulative techniques directed 
toward the abdominal viscera. Hazzard described how to exam-
ine the abdomen and discussed treatment approaches for various 
abdominal visceral diseases (3). Conrad (4) devoted a section of his 
book to diseases of the abdomen, specifi cally diseases of the stom-
ach, intestines, liver, kidneys, and spleen. He described and illus-
trated specifi c osteopathic manual techniques for these organs. In 
a rather extensive treatise on the abdomen, McConnell (5) talked 
about the osteopathic approach from the ventral plane of the body, 
and described “ventral technique.” Tender points, described as 
“gangliform contractions,” were noted by Frank Chapman, D.O., 
and came to be known as “Chapman’s refl exes.” The only known 
reference text on this topic was published by Owens (6).

In later years, other osteopathic researchers published stud-
ies illustrating the use of osteopathic manipulative techniques for 

44
K E Y  C O N C E P T S

■ The abdomen is the region of the trunk below the thoracic diaphragm. It consists of the abdomen proper and the 
lesser pelvis.

■ Evaluation of the abdominal region must include consideration of the spinal region. Careful attention must be 
given to determination of somatic and visceral interchange in the manifestation of symptomatology.

■ Examination of the abdomen should follow a systematic plan of exploration of quadrants. Components of the 
examination include observation, auscultation, palpation, and percussion.

■ Goals of treatment include consideration of asymmetries, motion restrictions, and tissue texture abnormalities 
which are viscerosomatic reflections of homeostatic disturbances.

abdominal conditions. For example, Hermann (7) demonstrated 
that osteopathic manipulative treatment (OMT) prior to abdominal 
surgery greatly reduced the incidence of postoperative ileus. He 
also demonstrated that OMT could be successfully used to treat 
postoperative ileus when it did occur. In a recent study, Radjieski 
et al. (8) demonstrated the use of OMT could signifi cantly reduce 
the length of hospital stay in patients with acute pancreatitis.

Researchers in other health care professions have also noted 
the clinical relationship between the soma and the viscera. As an 
example, Pikalov and Kharin (9) found using spinal manipulative 
techniques as part of the treatment plan for duodenal ulcer disease 
resulted in pain relief and clinical remission much sooner than con-
ventional medical treatment alone. Travell and Simons (10) have 
noted that abdominal myofascial trigger points may produce vis-
ceral symptoms such as diarrhea, vomiting, belching, food intoler-
ance, and infantile colic. Barral has published extensively on the 
use of manual techniques for treatment of the abdominal viscera 
(11,12). Other authors in this area include Finet (13) and Lossing.

Thus, it becomes apparent that optimum treatment of abdomi-
nal visceral conditions requires an understanding of the underlying 
structure–function relationships and of the segmental visceroso-
matic refl ex phenomena that are involved. An understanding of 
osteopathic philosophy and principles, and the ability to use OMT 
as part of a complete treatment approach to abdominal disease, is 
one of the most unique characteristics of the osteopathic physician.

Defi nition

The abdomen may be defi ned simply as the region of the trunk 
below the thoracic diaphragm. This area consists of two parts: an 
upper part, the abdomen proper; and a lower part, the lesser pelvis 
(14) (Fig. 44.1). These two areas are continuous at the plane of the 
inlet of the lesser pelvis. This inlet is bounded by the sacral prom-
ontory, the arcuate lines of the innominate bones, the pubic crests, 
and the upper border of the symphysis pubis.

Functional Anatomy

The abdomen proper is bounded superiorly by the thoracolumbar 
diaphragm; inferiorly it becomes continuous with the pelvis or, as 
some anatomists describe it, the abdominopelvic portion of the 
abdominal cavity (15), by way of the superior aperture of the lesser 
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consists of the quadratus lumborum, psoas major, psoas minor 
erector spinae and iliacus (14). The reader should note that somatic 
dysfunctions of these posterior muscles may mimic the pain of cer-
tain abdominal disorders or may be painful because of visceroso-
matic refl ex activity associated with abdominal problems. The 
thoracoabdominal diaphragm, while not usually considered part 
of the abdominal wall, should nevertheless be considered when 
evaluating the abdomen for somatic dysfunction.

Neurological Structures
Primary sympathetic fi bers for innervation of all organs below the 
diaphragm, except the descending colon and pelvic organs, pass 
from the intermediolateral cells in the thoracic spinal cord through 
the thoracoabdominal diaphragm. In the abdomen, these primary 
fi bers enter the celiac, superior mesenteric, and the inferior mesen-
teric collateral ganglia where they synapse (Fig. 44.2). Secondary 
or postganglionic fi bers continue on to innervate specifi c groups of 
organs in the abdomen and pelvis. Parasympathetic innervation is 
supplied from the craniosacral outfl ow. All abdominal organs down 
to the midtransverse colon are supplied by the vagus nerve (cranial 
nerve X); the rest of the abdominal organs and all of the pelvic 
viscera receive their parasympathetic innervation from the pelvic 
splanchnic nerves (S2-4).

Visceral afferent impulses travel back to the cord using the 
same course used by the sympathetic efferent nerves to that organ 
(Fig. 44.3). This pain tends to be vague and gnawing, deep, poorly 
localized, and midabdominal. Visceral afferent fi bers from the root 
of the mesentery report to the somatic cord segment of that organ’s 
sympathetic innervations (14). This type of sensory input produces 
the paraspinal tissue changes that help the physician to locate 

or true pelvis. Anteriorly the abdomen is bounded by the abdominal 
muscles, which include the rectus abdominis, the pyramidales, 
the external obliques, the internal obliques, and the transversus 
abdominis. Posteriorly the abdomen is bounded by the lower tho-
racic and the lumbar vertebrae, the crura of the diaphragm, the 
psoas and quadratus lumborum muscles, and the posterior parts of 
the iliac bones.

The lesser pelvis or abdominopelvic portion of the abdomen is 
shaped somewhat like an inverted cone. Its anterolateral boundary 
consists of those parts of the hip bones below the arcuate lines and 
the pubic crests, and the obturator internus muscles; its superior 
and dorsal boundary includes the sacrum, coccyx, and the piri-
formis and coccygeus muscles; and its inferior boundary includes 
the levator ani muscles and fascial coverings (which together form 
the pelvic diaphragm).

The abdominal structures of interest in this chapter are the 
stomach, small intestine, large intestine, liver, gallbladder, spleen, 
pancreas, kidney, parts of the ureters, suprarenal glands, and numer-
ous blood and lymph vessels, lymph nodes, and nerves. The lower 
ureters, the urinary bladder, and internal genitalia are not covered 
in this chapter.

Skeletal Structures
The skeletal elements of the abdomen are the lumbar vertebrae, the 
sacrum, coccyx, and the innominate bones (see Fig. 44.1).

Muscular Structures
The muscles of the abdominal region may be divided into antero-
lateral and posterior groups. The anterolateral group includes the 
rectus abdominis, the pyramidalis, the external oblique, the inter-
nal oblique, and the transversus abdominis; the posterior group 

Figure 44-1 Boundaries and skeletal elements of the abdomen.
Figure 44-2 Primary sympathetic (efferent) nerves of the body.
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Veins
Various small veins and plexuses in the pelvis eventually fl ow into 
the external and internal iliac veins. The two pairs of external and 
internal iliac veins unite to form the left and right common iliac 
veins, and these in turn unite to form the inferior vena cava, which 
conveys blood to the right atrium of the heart (Fig. 44.7). The 
veins that collect blood from the digestive tract, spleen, pancreas, 
and gallbladder join to form the portal vein. The portal vein carries 
blood to the liver, where this vein branches out into a series of very 

the viscus that is most likely dysfunctional. The tissue changes 
are tenderness, asymmetry, range-of-motion differences, and 
tissue texture changes (TART). The pain and tissue texture changes 
are primarily localized at the paraspinal level consistent with the 
organ’s sympathetic innervation (Figs. 44.4 and 44.5).

Somatic pain may also be caused by what is known as the per-
cutaneous refl ex of Morley. This type of somatic pain is usually 
located directly over the infl amed organ and is produced by direct 
contiguous irritation of the parietal peritoneum and the abdomi-
nal wall (Fig. 44.6). It is responsible for rebound tenderness and 
abdominal guarding associated with more severe abdominal pain.

Vascular Structures
Arteries
The thoracic aorta lies along the anterior and left anterolateral side 
of the thoracic vertebrae. It enters the abdominal cavity through 
the aortic hiatus in the abdominal diaphragm at the level ante-
rior to the 12th thoracic vertebra. Here, it becomes the abdominal 
aorta. Its main abdominal branches are the celiac, superior mesen-
teric, renal, and inferior mesenteric arteries (14).

Figure 44-3 Neurologic pathway of visceral pain (afferent fi bers).

Figure 44-4 Neurologic pathway of viscerosomatic pain.

Figure 44-5 Visceral afferent fi bers.

Figure 44-6 Neurologic pathway of pain from the percutaneous 
refl ex of Morley.
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Connective Tissue and Fascial Elements
The muscles of the abdominal region have associated fascial 
sheaths. The deep fascial layers have names associated with the 
various abdominal regions. Table 44.1 shows these fascial layers 
and their associated abdominal regions.

The peritoneum is a large serous membrane that consists of 
two layers: the parietal layer, which lines the abdominal wall; and 
a visceral layer, which is refl ected over the abdominal viscera. The 
parietal peritoneum angles from the posterior wall of the abdomen 
to form very defi ned mesenteric connections to the abdominal vis-
cera. These mesenteries carry the sympathetic and parasympathetic 
fi bers and arteries to the viscera. They also carry visceral afferent 
fi bers, veins, and lymphatic vessels away from the viscera. The vis-
ceral peritoneum is sensitive to stretch. It produces visceral pain 
only when the distention of the viscus exceeds the length of the 
visceral peritoneum on the outside of the mesentery.

The root of the mesentery for approximately 30 ft of small 
intestines is only 6 inches long and is located on the posterior wall 
of the abdominal cavity, posterior to a point about 1 inch to the 

small vessels called sinusoids. From here, hepatic veins convey the 
blood to the inferior vena cava (14).

Lymphatic Structures
The left lymphatic duct (the thoracic duct) drains interstitial fl u-
ids from the lower extremities, the pelvic and abdominal viscera, 
the left arm, and the left side of the head (Fig. 44.8). It begins as 
the cisterna chyli, a 2-inch, yellowish, cylindrical structure that lies 
just to the left of the thoracolumbar junction at about the level of 
the fi rst lumbar vertebra. It receives lymphatic vessels that drain 
interstitial fl uids from all the abdominal organs, the pelvic organs, 
the lower extremities, and all of the superfi cial lymphatic vessels 
located below a horizontal plane of the body running through 
the umbilicus. The superfi cial lymphatic vessels drain lymph into 
superfi cial inguinal nodes. Lymph then travels into the deep nodes, 
the deep trunks along the common iliac arteries and the aorta, and 
fi nally into the cisterna chyli. It should be noted that lymph from 
the ovary, testicles, and prostate does not drain into the inguinal 
nodes but drains into the deep pelvic nodes (16).

Figure 44-7 Venous drainage: 
portal venous system for the viscera.
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■ Pancreas
■ Spleen
■ Kidneys
■ Urinary bladder
■ Small intestine
■ Colon
■ Aorta and common iliac arteries

The adrenal glands are not palpable.

Topographic Anatomy
There are certain surface landmarks of the abdomen that are palpa-
ble (17). These landmarks are shown in Figure 44.11 and include:

■ Costal margins
■ Xiphoid process
■ Iliac crests
■ Anterior superior iliac spines
■ Pubic crests and tubercles
■ Inguinal ligaments
■ Umbilicus
■ Linea alba

For purposes of locating abdominal structures and describing 
abnormalities, the abdomen is conventionally divided into four 
quadrants (Fig. 44.12). Another method divides the regions of the 
abdomen into nine sections (see Fig. 44.10B). Either method may 
be used, although division into quadrants is most com monly seen.

OSTEOPATHIC ABDOMINAL DIAGNOSIS

History

While beyond the scope of this chapter, it must be emphasized 
that a thorough history is a critical element in making a correct 

left of and 1 inch above the umbilicus (Fig. 44.9). The root of the 
mesentery runs inferolaterally to a second point just anterior to the 
right sacroiliac joint (14). Mental visualization of these mesenter-
ies allows a physician to determine more accurately the origin of 
palpable masses and the origin of auscultated abnormal sounds. It 
is also important when performing visceral manipulation to free 
fascial pathways and improve visceral function.

Visceral Structures
The visceral structures with which we are concerned in the abdo-
men are the following (Fig. 44.10):

■ Stomach
■ Liver
■ Gallbladder

T A B L E  4 4 . 1

Abdominal Regions and Their Associated 
Deep Fascial Layers

Region Fascial Layer
Internal surface of the 
transversus abdominis

Transversalis fascia

Inferior surface of 
thoracolumbar diaphragm

Diaphragmatic fascia

Psoas and iliac areas Iliac fascia
Anterior surface of the 
quadratus lumborum muscles

Anterior layer of the 
thoracolumbar fascia

Muscles of the pelvis Pelvis fascia

Figure 44-8 Main lymphatic ducts of the body. Figure 44-9 Roots of the abdominal mesenteries.
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pubes. The examining room temperature should be adjusted for the 
patient’s comfort, and the room should be adequately illuminated 
for the performance of the examination. The physician may stand on 
either side of the patient for the examination. The only instruments 
required for performing the abdominal examination are the physi-
cian’s warm hands and warm stethoscope head. The examination 
should employ the methods of physical examination in the follow-
ing sequence: observation, auscultation, palpation, and percussion. 
The osteopathic physician includes examination for the elements of 
somatic dysfunction commonly noted by the TART acronym.

Observation
For this part of the examination, the examiner should be seated in 
a chair at the side of the patient so that the examiner’s head is only 
slightly higher than the abdomen. Ideally, there should be a single 
source of light that shines across the patient’s abdomen toward 
the examiner, or lengthwise over the patient (18). The abdomen is 
observed for the following:

■ Symmetry
■ Contour
■ Scars
■ Pulsations
■ Visible masses
■ Engorged veins
■ Visible peristalsis
■ Unusual pigmentation
■ Hair distribution
■ Distention

Auscultation
Auscultate the four quadrants of the abdomen to determine the 
presence, location, frequency, and pitch of peristaltic waves. This 
could reveal the intermittent, low-pitched, occasional slow gurgle 

diagnosis of a patient’s abdominal problem. The history should 
include at least the following information:

1. Chief complaint
2. History of the chief complaint
3. Past medical history
4. Past surgical history
5. Current medications
6. Nutritional history
7. Allergies
8. Family and social history
9. Review of systems

The reader is referred to standard textbooks on patient interview-
ing for more information on this topic.

Physical Examination
A complete physical examination is performed with special empha-
sis on regions that are spotlighted by the history or that might have 
functional association with the symptoms expressed by the patient. 
In this chapter, only the more important points as related to a 
patient with abdominal symptoms are considered.

General
Before beginning the abdominal examination, care must be taken to 
ensure that the patient is as relaxed as possible and in a comfortable 
position. The examination of the abdomen is commonly done with 
the patient in the supine position, resting comfortably on an exami-
nation table or bed. A pillow supports the patient’s head; a patient 
with increased thoracic kyphosis may require more than one pillow 
for support of the head and shoulders. A pillow may be placed under 
the patient’s knees for additional comfort. If orthopnea is present, 
raise and support the trunk with a back rest to relax the abdomi-
nal muscles (18). The patient should be draped in a manner that 
allows the abdomen to be exposed from the xiphoid region to the 

Figure 44-10 A. Approximate location of visceral organs. B. The nine-quadrant abdomen.
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checking for tenderness, any cutaneous or subcutaneous masses, 
and any unusual sensitivity. If the patient is apprehensive or is 
unable to relax during palpation of the abdomen, it is useful to ask 
the patient to fl ex his or her hips and knees in order to facilitate 
relaxation of the abdominal muscles.

During light palpation, the physician can assess the abdomi-
nal wall for somatic dysfunction. Each quadrant of the abdomen 
can be palpated for abnormal myofascial tension, and the presence 
of tender points such as counterstrain points and Chapman refl ex 
points (Fig. 44.13). One should note that Chapman refl ex points 
related to abdominal visceral pathology are located next to the ster-
num in the intercostal spaces of ribs 5 through 11 and at the tip 
of rib 12, along the lateral thigh areas, and posteriorly along the 
thoracic and lumbar vertebral columns.

After performing light palpation, the osteopathic physician 
proceeds to deep palpation of the abdomen. Each quadrant is 
examined for tenderness, masses, or enlarged organs. At this time, 
the physician also assesses the deep fasciae and soft tissues of the 
abdomen, looking for abnormal tissue tensions that might indi-
cate disturbance related to the collateral ganglia or mesenteries. 
The mobility and motility of the various abdominal organs may 
be assessed according to the theory and techniques described by 
Sutherland (19), Barral (11), and others.

Osteopathic Manipulative Treatment for 
Abdominal Disorders

Treatment Goals
As with OMT to any other body region, OMT should be applied 
to the abdominal region with specifi c goals in mind. The goals of 
treatment will vary with each individual patient. Some of these 
goals include:

■ Addressing asymmetries, motion restrictions, and tissue texture 
abnormalities that are viscerosomatic refl ections of homeostatic 
disturbances

that is normal, or the high-pitched, tinkling sounds of developing 
obstruction. Bowel sounds may be absent, indicating possible para-
lytic ileus. The midline of the abdomen between the xiphoid process 
and the umbilicus is auscultated for bruits. These could indicate an 
aneurysm and/or renal artery stenosis. The periumbilical region and 
the junction between the middle and outer two thirds of the ingui-
nal region are auscultated for a bruit that could be associated with a 
signifi cant atherosclerosis of the common iliac or femoral artery.

Percussion
Percussion of the abdomen is more commonly performed in the 
asymptomatic patient, since, in the interest of patient comfort, 
painful conditions of the abdomen may preclude the use of percus-
sion. Ordinarily percussion is used to outline the borders and help 
to determine the approximate size and position of solid organs, 
such as the liver, and hollow fl uid-fi lled organs such as the uri-
nary bladder. In general, the hollow viscera that occupy most of the 
abdomen contain gas and are usually resonant to percussion.

Palpation
Palpation of the abdomen begins with a touch that is light yet fi rm, 
using the palmar surfaces of the approximated fi ngers to contact 
the abdominal wall. The physician lightly palpates each quadrant, 

Figure 44-11 The abdominal landmarks.

Figure 44-12 The four-quadrant abdomen.
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■ Decreasing or eliminating pain
■ Removing segmental motion restrictions
■ Improving altered skeletal vertebral unit and myofascial motion 

arising from aberrant visceral and autonomic activity
■ Decreasing or eliminating segmental facilitation
■ Decreasing or eliminating trigger point and tender point 

activity
■ Decreasing pathophysiologic musculoskeletal and neurorefl ex-

ive factors infl uencing circulation
■ Enhancing musculoskeletal and neurorefl exive-mediated 

circulatory functions

Figure 44-13 Thirty-second screening examination for Chapman refl ex points.

■ Improving organ function
■ Altering any or all of the previously mentioned situations as 

either contributing to, or predictive of, future health problems

Approaches to Using Osteopathic 
Manipulative Techniques on the Abdomen

Spinal Approach
Any spinal somatic dysfunctions that may relate to an abdominal 
problem should be treated in order to improve spinal motion and 
therefore restore normal nerve function in segmentally related 

Chila_Chap44.indd   667Chila_Chap44.indd   667 8/6/2010   10:10:29 AM8/6/2010   10:10:29 AM



668 III • APPROACH TO THE SOMATIC COMPONENT

REFERENCES

 1. Still AT. Autobiography of A.T. Still. Kirksville, MO: Published by the 
author, 1897.

 2. Still AT. The Philosophy and Mechanical Principles of Osteopathy. Kansas 
City, MO: Hudson-Kimberly Publishing Company, 1902.

 3. Hazzard C. The Practice and Applied Therapeutics of Osteopathy. Kirksville, 
MO: The Journal Printing Company, 1901.

 4. Conrad CF. A Manual of Osteopathy. 4th Ed. New York, NY: The Univer-
sity Book Company, 1919.

 5. McConnell CP. Ventral Technique. Indianapolis, IN: The American Acad-
emy of Osteopathy, Yearbook, 1951.

 6. Owens C. An Endocrine Interpretation of Chapman’s Refl exes. Carmel, CA: 
Reprinted by the American Academy of Osteopathy, 1932.

 7. Hermann E. The DO. 1965;163–164.
 8. Radjieski JM, Lumley MA, Canteri MS. Effect of osteopathic manipula-

tive treatment on length of stay for pancreatitis: a randomized pilot study. 
JAOA 1998;98:15.

 9. Pikalov AA, Kharin VV. Use of spinal manipulative therapy in the treatment 
of duodenal ulcer: a pilot study. J Manipulative Physiol Ther 1994;17:5.

10. Travell JG, Simons DG. Myofascial Pain and Dysfunction: The Trigger Point 
Manual. Baltimore, MD: Williams & Wilkins, 1999.

11. Barral JP, Mercier P. Visceral Manipulation. Rev. Ed. Seattle, WA: Eastland 
Press, 2006.

12. Barral JP. Visceral Manipulation II. Rev. Ed. Seattle, WA: Eastland Press, 
2007.

13. Finet G, Wiallame C. Treating Visceral Dysfunction. Portland, OR: Stillness 
Press, 2000.

14. Williams PL, Warwick R, eds. Gray’s Anatomy. 39th Ed. Philadelphia, PA: 
WB Saunders, 2004.

15. Spraycar M, ed. Stedman’s Medical Dictionary. 26th Ed. Baltimore, MD: 
Williams & Wilkins, 1999.

16. Chikly B. Silent Waves: Theory and Practice of Lymph Drainage Therapy. 
Scottsdale, AZ: International Health & Healing Inc. Publishing, 2002.

17. Willms JL, Schneiderman H, Algranati PS. Physical Diagnosis. Baltimore, 
MD: Williams & Wilkins, 1994.

18. LeBlonde RF, DeGowin RL, Brown DD. DeGowin’s Diagnostic Examina-
tion. 8th Ed. New York, NY: McGraw-Hill, 2004.

19. Sutherland WG. In: Wales AL, ed. Teachings in the Science of Osteopathy. 
Fort Worth, TX: The Sutherland Cranial Teaching Foundation, 1990.

areas. This approach includes typical manipulative methods such 
as high velocity/low amplitude, muscle energy, counterstrain, and 
others. Paraspinal rib raising and paraspinal inhibition are used 
effectively for treatment of sympathicotonia.

Peripheral Approach
This approach includes such techniques as thoracic and pedal 
lymphatic pumps, diaphragmatic redoming, and thoracic inlet and 
pelvic diaphragm releases. These techniques are used to improve 
the ability to move fl uids throughout the abdominal region, thus 
improving the delivery of oxygen, nutrients, and arterial blood to 
affected areas, and facilitating venous and lymphatic drainage for 
the removal of the waste products of cellular metabolism. This 
approach also includes the use of diagnostic Chapman refl exes and 
their soft tissue treatment, such as treatment of Chapman points 
for the large bowel that are located on the lateral thigh areas.

Direct Approach
These techniques are applied directly to the abdomen to alleviate 
TART changes in the abdominal wall structures. Some techniques 
are applied more deeply to affect structures such as the abdomi-
nal mesenteries, the collateral ganglia, or specifi c abdominal 
organs.

SUMMARY

One should not forget that somatic dysfunction may be present 
with abdominal visceral conditions. Optimum treatment of these 
conditions should be based on osteopathic philosophy and prin-
ciples, and should include appropriate OMT. Using osteopathic 
manipulation as part of a complete treatment approach to the 
patient with an abdominal visceral disorder serves several purposes. 
It provides a more holistic, total body approach to the treatment 
of a patient’s medical problems, it addresses important struc-
ture–function relationships, and it helps to optimize the patient’s 
self-healing and self-regulatory mechanisms.
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OSTEOPATHIC MANIPULATIVE TREATMENTSECTION III

Thrust (High Velocity/Low Amplitude)
Approach; “The Pop”
JOHN G. HOHNER AND TYLER C. CYMET

45
K E Y  C O N C E P T S

■ The high-velocity/low-amplitude (HVLA) (thrust) approach is characterized by positioning to engage the restrictive 
barrier, followed by a corrective maneuver to move through the barrier.

■ Accurate diagnosis is the key to performance of HVLA (thrust) techniques.
■ Positioning against the restrictive barrier in all planes is followed by a rapid and brief corrective thrust.
■ HVLA (thrust) techniques can be taught and learned easily. The necessary motor coordination for effective use 

requires extensive practice and experience.

joint(s) to engage the restrictive barrier and then applying a 
corrective force to move through that dysfunctional barrier. Simply 
stated, one moves the restricted joint in the direction it won’t move. 
When speaking of osteopathic HVLA thrust manipulation, after 
precise positioning against the restrictive barriers in all planes, the 
fi nal force is a quick (high-velocity), short (low-amplitude) thrust. 
The velocity of the actual thrust is rapid and brief. The ampli-
tude is suffi cient to move through the restrictive barrier but precise 
enough to stop short of or at the anatomic barrier. Greenman (2) 
describes this force as an “impulse.” Often, a click or pop is heard 
at the time the force is applied. Upon reassessment of the treated 
joint, there should be an immediate increase in both the range of 
motion and the freedom of motion. Indirect treatments, involving 
positioning into the direction of ease, are described elsewhere (3).

HISTORIC PERSPECTIVE

Thrust styles of manipulation have been documented world-
wide throughout recorded history (4). The European immigrants 
brought the techniques of the “bone setters” to America with 
them (5). The ensuing American schools of osteopathic medicine 
and chiropractic medicine developed since (Chapter 3).

Robert Kappler, D.O., has theorized on the development of 
HVLA as a distinctly osteopathic modality as follows:

Thrust technique has been the major type of technique taught 
in colleges of osteopathic medicine and has been practiced by 
osteopathic physicians for years. In the 1970s, the osteopathic 
medical school curricula began to include other types of tech-
niques. Until recently, however, osteopathic manipulation and 
high-velocity technique were essentially synonymous. Graduates 
are now exposed to a complete spectrum of direct and indirect 
techniques; therefore, osteopathic manipulation is no longer 
synonymous with thrust technique.

It is interesting to speculate why osteopathic manipulative tech-
niques taught in the colleges evolved into the exclusive domain of 
thrust techniques and remained that way for so many years. Faculty 
may have been responsible for the change. Students, in the early 
days, assisted in the teaching of techniques. These students may 
have played a major role in moving the curriculum to thrust tech-
niques. Thrust techniques can be taught by precisely describing 

CASE STUDY

D.J. is a 27-year-old female who presented with right-hand 
numbness of 1 month duration. She started a new job, as a 
cashier, about 2 months ago. She stated that at first, her entire 
right hand started to “fall asleep” occasionally while working 
at her cash register. At the time of her visit, the numbness 
occurred within five minutes of working and was relieved with 
rest. She had also noted right-sided upper back pain over the 
past month. There was no history of injury or previous numb-
ness. There was no past medical or surgical history. She tried 
ibuprofen and a wrist splint without improvement.

Physical examination revealed normal vital signs, normal car-
diac and pulmonary exams. Neuromusculoskeletal exam revealed 
normal motor, reflexes, and sensation of the right upper extrem-
ity. Tinel and Phalen tests were negative. Acute tissue texture 
changes and tenderness were noted over the transverse process 
area of T3 right. Motion changes were noted at T3 consistent 
with somatic dysfunction at T3 E SR right with a distinct barrier 
found at attempts to flex, side bend, and rotate T3 to the left.

The presence of distinct barrier mechanics means that this type 
of somatic dysfunction would be amenable to HVLA treatment.

DEFINITION OF TECHNIQUE

The Glossary of Osteopathic Terminology defi nes high-velocity/
low-amplitude (HVLA) technique as, “An osteopathic technique 
employing a rapid, therapeutic force of brief duration that travels a 
short distance within the anatomic range of motion of a joint, and 
that engages the restrictive barrier in one or more planes of motion 
to elicit release of restriction. Also known as thrust technique.”

VARIABILITY OF THRUST TECHNIQUES

“Thrust techniques” are a collection of direct method manipulative 
treatments that move a restricted joint through its dysfunctional 
barrier (1). These techniques vary widely in the amount, speed, 
localization, and application vectors of the treatment forces that 
are applied. The common treatment goal is that, after the thrust, 
appropriate physiologic motion is restored to the dysfunctional 
joint. The term direct refers specifi cally to positioning the restricted 
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the physiologic barriers are present in healthy joints without any 
dysfunction. A third barrier, the restrictive or pathologic barrier, is 
found when a joint experiences the motion loss of somatic dysfunc-
tion. The quantity of motion to arrive at the restrictive barrier is 
less than the amount traveled to reach the physiologic barrier. This 
shifts the midline of joint motion away from the restrictive barrier. 
The palpatory experience, when the examiner feels the restricted 
motion, is that the joint will move better in one direction than in 
the other. One of the goals of manipulative treatment is to aid a 
return to normal, unrestricted motion.

The quality of motion refers to the palpatory sense of how 
smoothly a joint can be moved through its range of motion. 
A resistance or hesitance through motion implies some type of 
dysfunction of the joint. End feel is a term describing the quality 
of motion that is felt by palpation of a joint when it is brought pas-
sively to its fi nal barrier of motion. End feel can be a function of 
both the focal tissue turgor at the region of the somatic dysfunction 
and the tethering actions of the muscle and fascia which is being 
stretched. The end feel is nebulous or rubbery with refl ex somatic 
dysfunctions. The end feel is fi rm and distinctive with mechanical-
type arthrodial dysfunctions.

The quantity and quality of motion, along with the end feel, 
allow the examiner to determine the Restriction of motion in 
the diagnostic TARt mnemonic mentioned earlier. It is TARt 
that defi nes somatic dysfunction. The components of TARt that 

the nature of the restriction and providing techniques for treating 
the dysfunction. These techniques can then be memorized and 
practiced. In contrast, fascial release and indirect techniques require 
skill in assessing motion patterns in the tissues. The technique is 
diffi cult to describe because the physician is responding to tactile 
and proprioceptive input from his or her hands. Faculty fi nd release 
techniques diffi cult to teach and students may perceive them as 
abstractions. Thrust techniques are easier to teach and to learn. 
However, although thrust techniques can be described in a precise 
manner, the motor coordination necessary to use these techniques 
effectively requires extensive practice and experience.

DIAGNOSIS AND SOMATIC DYSFUNCTION

It cannot be stated strongly enough that the key to properly perform-
ing thrust manipulation with the greatest effi cacy and the least side 
effects is the ability to diagnose accurately and to only use HVLA 
technique when the diagnosis warrants it. The practitioner fi rst 
must learn to perform a palpatory diagnosis (see Chapter 33) and 
understand what these fi ndings mean. Only then can the treating 
physician use those fi ndings to determine the best treatment meth-
odology. Somatic dysfunction is the term used to describe the areas 
of impaired or altered function of related components of the somatic 
system which are identifi ed by the palpatory diagnosis. By necessity, 
this term encompasses a wide variety of musculoskeletal disorders.

“Somatic dysfunction” can include disordered changes among 
some or all of the bones, muscles, fascia, arthrodial structures and 
their associated neural vascular and lymphatic components. This 
variety of etiologic elements is reflected both in the wide variance 
between the possible palpatory somatic dysfunction diagnoses and 
in the possible treatment choices. This plethora of disparate diag-
nostic possibilities gives rise to the need for a methodology to dif-
ferentiate them and thus to be able to choose the optimal treatment 
modality. Manipulation is much more efficacious when the modal-
ity chosen is correctly matched to the type of somatic dysfunction 
that is found. When examining an area for somatic dysfunction, 
identify changes from the norm by using the mnemonic TARt:

■ Are there palpable tissue texture changes (T)?
■ Is there visually observable asymmetry (A)?
■ Is there a restriction of motion (R)?
■ Does the palpatory exam elicit tenderness (t)?

BARRIER MECHANICS

To understand the type of somatic dysfunction that is amenable to 
HVLA manipulation, one has to understand the Barrier Concept 
(Fig. 45.1). The Barrier Concept refers to the movement capabili-
ties of a joint during normal and restricted motion. These move-
ment capabilities are evaluated, during the palpatory exam, by both 
their quantity and quality of motion. The quantity is the amount 
of movement from the joint’s midline or neutral point of motion 
to a motion barrier. The neutral point of motion is that position of 
a nondysfunctional joint at rest, with equal myofascial forces pull-
ing it in all directions. Quantity of motion is determined by the 
amount of movement from the neutral point (Fig. 45.1).

When a healthy joint is actively moved during normal activity, 
the end of motion is at the physiologic barrier. When the range 
of motion of a joint is tested passively during a physical exami-
nation, the end of the furthest motion is the anatomic barrier. 
Motion beyond the anatomic barrier implies disruption of osseous 
or ligamentous structures of that joint. Both the anatomic and 

Figure 45-1 Somatic dysfunction: quantity and quality of joint 
motion. (Foundations for Osteopathic Medicine. 2nd Ed., p. 853)
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predominate for any given dysfunction then can dictate how to 
treat that dysfunction with manipulation. In this author’s opinion, 
HVLA or thrust manipulation would be the modality of choice 
in a dysfunction that has distinctive barrier mechanics with a 
palpable loss of motion at a restrictive barrier and with a fi rm end 
feel. HVLA is designed to remove motion loss, regain normal 
motion, and restore normal barriers in somatic dysfunction. If one 
were to weight the importance of the TARt components in the 
diagnosis of a somatic dysfunction to be treated with HVLA, it 
would look like this taRt. Similarly weighted, the TARt for Coun-
terstrain diagnosis might look like Tart. All TARt is not created 
equal.

MECHANISM OF TREATMENT

To understand why HVLA works on an area of somatic dysfunc-
tion, one must fi rst understand why the dysfunctional segment 
won’t move. A somatic dysfunction exhibiting barrier mechan-
ics is not “subluxed,” “out of place,” “out of joint,” or “dislocated.” 
Like a door that will not fully close, it is inhibited from complet-
ing its full normal motion. What is going on is that some exter-
nal or internal force or factor has caused local segmental irritation 
suffi cient to create focal edema and swelling in a small discrete 
area (6). This in turn causes a tightening of the fascial structures, 
myofascial component, and capsular components of a specifi c 
arthrodial joint. The articular distortion results in refl ex hyperto-
nicity of the musculature crossing the given joint. There is thus a 
resultant decrease to the range of motion around that area. This is 
discussed in the osteopathic and scientifi c literature on proprio-
ceptors and somatic dysfunction (7–12). The palpatory experience 
is described earlier. In more simplistic terms, on motion testing, 
“it will go this way, it won’t go that way.” Restoration of motion 
of the articulation results in restoration of normal proprioceptive 
input from the joint and refl ex relaxation of muscles surrounding 
the joint.

There are special considerations when treatment is applied to 
a vertebral joint as opposed to an appendicular joint. The “typi-
cal” vertebral joints (C2-L5) are assessed in the three cardinal 
planes of motion. Restrictions are classically found in sidebending, 
rotation, and fl exion/extension. The thrust treatment however is 
along a summed vector of all these fi ndings. The unique motion 
patterns found in the sacroiliac (SI), atlantoaxial, and occipitoat-
lantal joints are addressed in the cervical and sacral chapters. The 
HVLA treatments for SI and occipitoatlantal joint dysfunctions 
also tend to be along a summed vector. Atlantoaxial dysfunctions 
are diagnosed and treated in a rotational manner along a verti-
cal axis. The entire gamut of appendicular motion patterns does 
not lend itself to treatment generalizations, but a few trends do 
predominate. Many appendicular joints have a predominant 
major joint motion and lesser minor joint motions. The patient 
presents with loss of, and pain with, the major joint motion. 
This is frequently the result of a restricted minor joint motion 
and treatment is focused along a single vector of the minor joint 
motion loss.

The mechanism of the audible pop or snap, which is fre-
quently heard at the moment of the thrust, is a subject of great 
debate (13). It is frequently, but not always, the harbinger of a 
successful treatment. The production of noise may merely be the 
incidental result of treatment forces spilling over to a joint above 
or below the targeted dysfunction. Similarly, a lack of an audible 
articulation does not mean that the restrictive barrier was not suc-
cessfully treated. In any case, the treatment should always be fol-
lowed with thorough reassessment. Box 45.1 addresses the issue of 
joint noise.

Joint Noise The Manipulative Crack/Pop/Click/
Snap/Grind or Thud
Tyler Cymet, D.O.
Joints make noise. Joint noise may occur with regular use of 
the joint by an individual, and it may occur with motion of the 
joint induced by a health care provider moving or treating a 
specific area.i

The noises that emanate from joints have intrigued and 
confounded physicians. Laennec was unclear as to the reason 
for these sounds and noted the presence of joint noise in his 
treatise on lung sounds.ii

It is the noises that are evident to the patient and provider 
that attract the most attention, but there are noises that ema-
nate from the joint that are not apparent to the unaided ear. 
Auscultation of joints can be performed with a myodermato-
osteophone, which was developed by Heuter in 1885 to help 
physicians locate areas where joint activity was not fluid.iii

Studies on joint sounds have focused on objective analysis 
of the sound or vibration signals, also known as vibroarthro-
graphic signals that are measureable.iv

There is also a theory that joints that make noise are more 
likely to develop medical issues. This theory arose from a study 
by Walters linking joint noise and early development of arthri-
tis that was published in 1929.v

Some people argue that a noise or sound is a necessary part 
of a manipulation, and the occurrence of noise along with a 
manipulative medicine procedure is what differentiates a ma-
nipulation from mobilization of a joint.vi Others contend that 
the presence or absence of a noise is irrelevant to the effect of a 
mobilization or manipulation.vii

The reason for joint noise is unclear. A hypothesis explain-
ing the reason for joint noise suggests eventration of gas into 
the synovial fluid with the breaking of the surface tension of 
the fluid causing the pop sound.viii It may also be that the noise 
comes from the snapping or releasing of ligamentous adhe-
sions in the joint,ix or that the bone itself is being pulled out of 
place and snapping back into a neutral position.x It may also be 
a ballooning of the joint capsule that causes the noise to occur 
(Ehrenfeutchter W, Nicholas AS, personal communication).

While we do not know what the relationship is between 
joint noise and effective manipulative treatments, acknowledg-
ing what is seen and experienced by the patient and provider is a 
necessary part of a good treatment. We may need to reassure our 
patients that a joint noise isn’t necessary for a successful treat-
ment, and presence of a noise isn’t considered to be an issue.

iProtopappas M, Cymet TC. Joint cracking and popping: understanding noises that 
accompany articular release. JAOA 2002;102(5):283–287.
iiLaennec RTH. A Treatise on the Diseases of the Chest and on Mediate Auscultation. London: 
Underwood, 1848.
iiiMollan RAB, McCullagh GC, Wilson RI. A critical appraisal of auscultation of human 
joints. Clin Orthop Relat Res 1982;170:231–237.
ivMcCoy GF, McCrea JD, Beverland DE, et al. Vibration arthrography as a diagnostic aid 
in disease of the knee. J Bone Joint Surg 1987;69-B(2):288–2931.
vWalters CF. The value of joint auscultation. Lancet 1929;1:920–921.
viMierau D, Cassicy JD, Bowen V, et al. Manipulation and mobilization of the third meta-
carpophalangeal joint-a quantitative radiographic and range of motion study. Man Med 
1988;3:135–140.
viiReggars JW. Multiple channel recording of the articular crack associated with manipu-
lation of the metacarpophalangeal joint: an observational study Aust Chiropr Osteopath 
1999;8(1):16–20.
viiiUnsworth A, Dowson D, Wright V. Cracking joints: a bioengineering study of cavita-
tion in the metacarpophalangeal joint. Ann Rheum Dis 1972;30:348–358.
ixHood W. Symposium. Manipulative treatment. Med J Aust 1967;1(25):1274–1280. 
Cited by Heilig D. The thrust technique. J Am Osteopath Assoc 1981;81:247.
xHood W. Symposium. Manipulative treatment. Med J Aust 1967;1(25):1274–1280. Cited 
by Heilig D. The thrust technique. J Am Osteopath Assoc 1981;81:247.
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by losing concentration and relaxing the forces on the segment. 
If this happens, do not continue with the thrust. Forces that do 
not accumulate at the dysfunctional segment dissipate into adja-
cent structures and could result in an iatrogenic side effect. Instead, 
reassess and set up the stacking again. The accumulation of forces 
is not a separate phase. It should be viewed, instead, as an instan-
taneous transit point between the fi nal summation of forces and 
the thrust.

Final Corrective Thrust

HVLA thrust techniques use a short, rapid thrust, hence the 
words high velocity. Once the barrier is engaged, the fi nal force 
is applied quickly from that position. The proper application has 
been described as a tack hammer blow, sudden but not forceful. 
The term impulse applied to HVLA technique recognizes that 
the force is a sudden acceleration and deceleration. Do not back 
off before delivering the corrective thrust. The exhalation phase 
of respiration is the relaxation phase, and the fi nal force is often 
applied during exhalation. If intuition tells one not to thrust, then 
don’t. The physician’s “intuition” is probably based on proprio-
ceptive feedback that some part of the treatment is not balanced 
properly.

Some thrust techniques are not executed at high velocity and 
some have a larger or variable amplitude of motion during the 
articulation. Consider an experience where the patient is set up 
to treat a joint restriction, the joint goes click, and the restriction 
is released as the physician is positioning the patient and localiz-
ing forces. Sometimes, one may instead tease a joint with carefully 
and slowly applied forces. Again, experience is very benefi cial in 
applying the proper force. Although HVLA is described as thrust 
technique, the actual speed and force may be modifi ed to fi t the 
patient’s needs.

DOSAGE

Give the patient time to respond to the treatment; the sicker the 
patient, the less the dose. Older patients respond more slowly; 
young patients respond more quickly. In most circumstances, 
treating the same segment more than once a week using thrust 
technique is discouraged (14). When treating hospital patients on 
a daily basis, Larson (N.J. Larson, personal communication, 1967, 
1978) would vary the technique, so he did not repeat the same 
technique on a given area. If the same somatic dysfunction keeps 
recurring, then the physician needs to assess why this is happen-
ing and address that factor fi rst. In this author’s opinion, continual 
thrust treatment on the same segment, without improvement, is a 
good recipe for hypermobility but not much else.

BENEFITS OF HVLA

HVLA is well tolerated and extremely time effi cient in the hands 
of a skilled practitioner. It is a modality of choice when address-
ing somatic dysfunction with distinct, fi rm barrier mechanics. The 
patient usually experiences immediate relief, with decreased pain 
and increased freedom of motion.

PRECAUTIONS AND CONTRAINDICATIONS

Some joints are unstable and hypermobile. Within the numerous 
joints of the spine, a pattern of alternating hypomobility and hyper-
mobility may exist. The loose, hypermobile joints are overworked 
while the stiff, hypomobile joints escape excess motion. A normal 

TECHNIQUE METHODOLOGY

The HVLA approach involves:

■ Initial positioning
■ Engagement and stacking of barriers
■ Accumulation of forces
■ Final corrective thrust

Initial Positioning

Initial positioning refers to both the physician’s own position and 
that of the patient. Once the physician is in a relaxed and bal-
anced position, his or her cortex will be freed up to pay attention 
to the diagnostic input from the fi ngers and hands as he or she 
continually fi ne-tunes the technique during its application. If the 
physician’s own proprioceptors are fi ring due to imbalance from an 
awkward stance during the treatment, or straining to hold up more 
weight than one’s own strength allows, it is diffi cult to focus on the 
treatment at hand.

Position the patient comfortably at the start of the treatment. 
This allows the patient to relax. In turn, this decreases the tonic-
ity of the longer muscles overlying the dysfunction and the pull 
from muscles above and below the dysfunction. A patient will 
feel imbalance on the part of a treating physician and tense his 
or her own muscles in anticipation of a fall or drop. When per-
forming a treatment using HVLA, one wants to focus the vector 
forces as precisely as possible and use only the minimum force that 
is necessary. The more variables that can be eliminated from the 
manipulative equation, the more likely one will obtain a successful 
solution.

Engagement and Stacking of Barriers

Engage barriers in sidebending, rotation, and fl exion/extension. 
The physician “stacks” these individual components to address 
each component of the somatic dysfunction just as one would 
with muscle energy or myofascial release techniques. Maintain 
each previously engaged barrier as the next barrier is engaged 
and the forces accumulate. As a clinician becomes experienced, 
this summation of vector forces, along with the arrival at a sin-
gle summed vector, becomes very fast and effi cient. Experienced 
physicians sense how the tissues are responding to the force being 
applied and make subtle alterations in the direction of force to 
effectively engage the barrier in all planes. If this set up is pain-
ful to the patient or the physician, then something is wrong! 
Move the patient back to his or her neutral position and reassess. 
The technique set up may be incorrect or the patient may have 
a somatic dysfunction of a type that is not amenable to HVLA. 
In that case, use some other modality! One may simply need to 
treat some overlying soft tissue dysfunction fi rst and then retry 
the HVLA.

Accumulation of Forces

The basis of most HVLA treatment is that one is treating the 
dysfunctional relationship between two bones. To treat them, 
the physician holds one bone still and moves the other the way it 
would really rather not go at the moment. The discomfort, if any, 
that a patient experiences during an HVLA treatment, is at the 
moment when all of the forces are stacked against the restrictive 
barrier. This is a natural conclusion to correct stacking as men-
tioned above. A novice frequently runs into trouble at this stage, 
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4. To localize to the dysfunction, simultaneously exert a cephalad 
pulling force with your left fi ngertips and a mild translation 
force to the left with your right 2nd metacarpophalangeal joint. 
At this point, you should feel all the forces accumulate at the left 
OA joint

5. A small amount of additional posterior translation from your 
left fi ngers is necessary to localize forces to the OA joint

6. The fi nal corrective movement is a quick rotatory thrust to the 
left, with more of a “pull” through your left hand and a slight 
“push” with the right

7. Reassess

OA F RR SL (Posterior/Flexed Occiput)

Dysfunction: Posterior right occiput (The occiput is rotated to 
the right and sidebent to the left, with tissue texture change on 
the right).
Objective: To improve left rotation and right sidebending of the 
occiput.
Discussion: When the occiput is rotated right and sidebent left, 
the left OA joint is held in a facet “locked closed” position. The 
OA joint on the right side is held in a “facet locked open” posi-
tion. This technique addresses the “facet locked open” position by 
closing the joint with the applied corrective force. The posterior 
occiput is a “push” technique (translate in the direction of the nose 
to engage localization at the posterior occiput).
Patient Position: Supine.
Physician Position: Standing at the head of the table.
Procedure (Fig. 45.3):

1. Place your right second metacarpal-phalangeal joint (index 
fi nger) over the posterior lateral aspect of the patient’s occiput 
with your fi ngers projecting around the posterior skull and your 
thumb angled up toward the patient’s eye

2. The head and neck are raised (one inch or less) from the table 
and a small amount of extension is introduced (over your right 
fulcrum hand) to allow localization of forces between the 
occiput and atlas

3. Cradle the left side of the patient’s face on the anterior aspect 
of your left forearm and palm. Contact the soft tissues under 
the patient’s left mandible with the fi ngertips of your left hand. 
Gently rotate the head to the left until the barrier is engaged

physiologic reaction to a painful hypermobile joint is for muscles 
surrounding the joint to splint the joint and protect it from excess 
motion. Physical examination reveals restriction of motion. Under-
neath that protective muscle splinting is an unstable joint. A high-
velocity thrust technique may work, as evidenced by a decrease in 
pain and improvement in motion. Unfortunately, the treatment 
contributes to the joint instability. The more HVLA technique is 
used, the looser the joint becomes.

Most of the concerns with HVLA center on treatment of 
the cervical spine (15). Both advanced rheumatoid arthritis and 
Down syndrome diagnoses should cause the practitioner to con-
sider alar ligament instability. Dislocation of the dens associated 
with rupture or laxity of the transverse ligament of the atlas can 
cause death or quadriplegia. Cervical manipulation has been asso-
ciated with vertebral basilar thrombosis (15). Advanced carotid 
disease should cause one to be careful with any form of cervical 
manipulation. With all this having been said, the Position Paper 
on Cervical Manipulation by the American Osteopathic Associa-
tion speaks on the overwhelming safety of cervical manipulation in 
general (16).

General contradictions to HVLA include local metastases and 
osseous or ligamentous disruption. Apprehension on the part of 
the patient is a relative contraindication. In other circumstances, 
consider the risk/benefi t ratio. If the risk of harming the patient 
exceeds the potential therapeutic benefi t, the technique is not 
indicated. Risk also relates to the skill of the physician. There is 
more risk with an unskilled physician. If forceful, direct techniques 
may harm the patient, gentle indirect release techniques might be 
considered.

DIAGNOSES AND TECHNIQUES

739.0 Head-Suboccipital Somatic Dysfunction

OA E RR SL (Anterior/Extended Occiput)

Dysfunction: Anterior left occiput (The occiput is rotated to the 
right and sidebent to the left, with tissue texture change on the 
left.).
Objective: To improve left rotation and right sidebending of the 
occiput.
Discussion: When the occiput is rotated right and sidebent left, 
the left OA joint is held in a facet “locked closed” position. The 
OA joint on the right side is held in a “facet locked open” posi-
tion. This technique addresses the “facet locked closed” position 
by opening the joint with the applied corrective force. An anterior 
occiput is a “pull” technique (translate the head toward the “locked 
close” side, to accumulate force at the anterior occiput).
Patient Position: Supine.
Physician Position: Standing at the head of the table.
Procedure (Fig. 45.2):

1. Place your right 2nd metacarpal-phalangeal joint against the 
right posterior lateral aspect of the patient’s occiput with your 
fi ngers projecting around the posterior skull and your thumb 
angled up toward the patient’s eye

2. The head and neck are raised from the table and a small amount 
of extension is introduced (over your right fulcrum hand) to 
allow localization of forces between the occiput and atlas

3. Grip the most inferior/lateral aspect of the patient’s left occiput 
with your left fi ngertips, allowing the patient’s head to lie in your 
left hand. Using a coordinated movement of your two hands, 
gently rotate the head to the left until the barrier is engaged

Figure 45-2 Occiput on atlas—anterior/extended dysfunction.
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extension (backward bending) is introduced between the atlas 
(C1) and the axis (C2), to facilitate localization of forces

4. Employing a combined motion with your right and left hands, 
rotate the head and atlas vertebra to the left until the barrier is 
engaged. Check to be sure that the right index fi nger is applying 
force over the atlas (C1) and has not “slipped” down onto the 
axis (C2)

5. With the barrier engaged, apply a short, quick, fi nal corrective 
thrust of left rotation

6. Return the patient’s head and neck to the neutral position
7. Reassess motion

C2-7 Dysfunction (Posterior Cervical)

Dysfunction: (C5 F RR SR) C5 on C6 fl exed (forward bent), 
rotated right, sidebent right (tissue texture change, motion restric-
tion, and tenderness on the right)—also called a “posterior C5 
right.”
Objective: Improve left rotation, sidebending, and extension at 
C5-6.
Discussion: The most common error in this technique is to lose 
localization as the head and neck are rotated. It is important to 
sense your way into the barrier prior to applying corrective forces. 
If well localized, only minimal corrective force is necessary. The 
physician must control the head at all times.
Patient Position: Lying supine.
Physician Position: Standing at the head of the table.
Procedure (Fig. 45.5):

1. Palpate for tissue texture abnormality over the posterior com-
ponent (C5 right). Place the lateral aspect of your right index 
fi nger over the posterior component. Your right thumb should 
point towards the patient’s eye

2. Your left hand (passive) cradles the left side of the patient’s head 
maintaining comfortable control of the head and neck through-
out the procedure

3. With your right hand, introduce segmental anterior translation 
(an “extension break” of the neck) at the C5 on C6 level

4. Maintain this extension break over the index fi nger of your right 
hand

4. Using your left forearm as a lever, slightly lift the head, while 
simultaneously applying a mild translation force downward 
with your right index fi nger. At this point, you (and the 
patient) should feel all the forces accumulate at the right OA 
joint

5. A small anteriorly directed translatory force helps to localize 
forces to the OA joint

6. The fi nal corrective movement is a quick rotatory thrust to 
the left through your right MCP joint. This is actually more 
of a “push technique” with left rotation achieved by translation 
toward the nose, pushing the posterior occiput anteriorly

7. Reassess motion

739.1 Cervical Somatic Dysfunction

AA N RR (Posterior Atlas)

Dysfunction: Atlas (C1) on axis (C2) rotated right (posterior atlas 
right).
Objective: Improve atlas (C1) rotation to the left.
Discussion: Unlike other cervical vertebrae, somatic dysfunction 
of the atlas occurs in its major motion—rotation. A posterior atlas 
has tissue texture change and tenderness on the freer side of rota-
tion. An anterior atlas has tissue texture change on the restricted 
side of rotation.
Patient Position: Lying supine.
Physician Position: Standing at the head of the table.
Procedure (Fig. 45.4):

1. Place the lateral aspect of your right index fi nger over the right 
posterior aspect of the atlas. The fi ngers of your right hand are 
allowed to encircle the posterior aspect of the patient’s neck, 
just below the occiput. Your right thumb should be pointing 
across the patient’s cheek, contacting the lateral aspect of the 
right zygomatic process

2. Your left hand is placed over the patient’s left temporo-occipital 
area, with your fi ngers spread to provide comfortable control of 
the head. Your left index and middle fi nger should contact the 
left atlantoaxial joint to maintain localization of forces

3. With hands positioned as above, the head and neck are raised 
from the table, to a neutral position, and a small amount of 

Figure 45-3 Occiput on atlas—posterior/fl exed dysfunction. Figure 45-4 Atlas on axis dysfunction.
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Procedure (Fig. 45.6):

1. Place your right thenar eminence over the right posterior 
transverse process of T5. Place your left hypothenar eminence 
on the opposite side of the spine contacting the left transverse 
process of T6

2. With fi rm contact over the transverse processes (refer to dia-
gram on the previous page), push down (anterior) and superi-
orly on T5 right while simultaneously pushing down (anterior) 
and inferiorly on the left

3. Downward pressure introduces extension
4. Now translate the lesion right that effectively localizes the side-

bending barrier and applies a “twist” to the soft tissues
5. Final corrective force: With your elbows locked, apply a quick, 

light, HVLA thrust anteriorly, predominately on the posterior 
transverse process of T5

6. Reassess motion

Flexed Upper Thoracic Dysfunction 
(Spinous Process Thrust)

Dysfunction: T2 on T3, fl exed, rotated right and side bent right 
(T2 F RR SR)
Objective: To restore motion in extension, rotation, and side bend-
ing left.
Discussion: The upper thoracic spine is diffi cult to treat. This tech-
nique is useful on thoracic vertebrae 1-4, fl exed and extended dys-
functions. It offers great therapeutic specifi city for this problem area. 
This technique is most effective when the restriction is predominately 
sidebending. Both the hand on the spinous process and the hand 
on the patient’s head and neck are working in synchrony to rotate 
and sidebend the dysfunctional segment in the same direction.
Patient Position: Seated.
Physician Position: Standing behind the patient.
Procedure (Fig. 45.7):

1. Place your right foot on the table several inches to the right of 
the patient’s right hip

2. Drape the patient’s right axilla over your right knee. You may 
place a pillow between your knee and the patient’s axilla

5. While maintaining this extension break, rotate the head 
and neck to the left (down to and including C5) until the 
restrictive barrier is reached. Sidebending left is achieved by 
keeping the patient’s left temple close to the table. Caution—
lifting the head away from the table will introduce sidebending 
in the wrong direction

6. It may be necessary to move your body slightly to the right side 
of the able to keep yourself “behind your work”, which provides 
more comfort and control

7. The fi nal corrective force is a quick, gentle, short rotational 
force through your right hand directed anteriorly and superi-
orly toward the eye. Do not apply excessive force to the cervical 
spine. Be very gentle and specifi c

8. Reassess

Considerations: Do not pivot the head on the table. Do not 
attempt to control cervical motion by placing your passive hand on 
the top of the head.
739.2 Thoracic Somatic Dysfunction

Patient Prone, Flexed Thoracic Thrust (Texas Twist/
Cross Hand Pisiform Thrust)

Dysfunction: T5 fl exed, rotated right, sidebent right; (T5 F RR 
SR)—posterior component right.
Objective: Improve extension, left sidebending, and left 
rotation.
Discussion: REMEMBER: Diagnose a dysfunction before 
attempting a thrust! This technique is useful for fl exed dysfunc-
tions but is not appropriate for an extended dysfunction. There are 
a number of variations in this technique. The placement of hands 
varies. Some physicians prefer to stand on one side of the table and 
treat dysfunction on either side of the spine. A modifi cation of this 
technique may be used to thrust on the rib angle. PRECAUTION: 
Excessive force may crack ribs, particularly if osteoporosis is pres-
ent. This technique is contraindicated for osteoporotic patients 
or for an extended dysfunction.
Patient Position: Prone.
Physician Position: Standing at the side of the table, opposite to 
the posterior component.

Figure 45-5 Cervical dysfunction—vertebral segments C2-7. Figure 45-6 Patient prone, thoracic thrust—for a fl exed thoracic 
dysfunction.
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because the corrective force is applied to the bottom segment of 
the vertebral unit. Dr. Kappler uses the analogy of a “two-wrench 
system” to loosen a bolt/nut in comparison to this technique.

The Chicago side lumbar technique for type II dysfunctions 
emphasizes sidebending. The applied sidebending opens the 
“closed facet” or “single segment concavity.” The posterior com-
ponent (“facet closed”) is placed down. Placing the posterior com-
ponent down on the table relatively fi xes L2 so that “the bottom is 
brought around to meet the top.” The bottom of the spine is stretched 
out; the upper side is compressed.
Note: Many side lumbar techniques “scissor” the patient with the 
upper shoulder maximally rotated. The scissor approach stretches 
the upper side producing inappropriate sidebending. This approach 
might be ok if treating a group curve.

The sequence of events in this technique is to set up the bottom 
(pelvis), obtain an extension break from above down, then to thrust.
Patient Position: Lying on left side facing the physician (dysfunc-
tional side, the left side in this case, must be down) with pillow(s) 
supporting head. It is crucial (especially in women with a wider 
pelvis) that in the side lying position, the left side of the lumbar spine is 
stretched, so it is in contact with the table.
Physician Position: Standing at the side of the table, facing the 
patient. The table height is commonly placed at (or below) the level 
of the physician’s hips/pelvis.
Procedure (Fig. 45.8):

1. With the patient lying on his or her left side, palpate over the 
posterior component and interspinous space of L2 on L3 with 
your right hand

2. With the patient’s hips and knees fl exed, grasp both of his or 
her lower legs and fl ex the patient’s hips until motion is isolated 
at the L2-L3 interspace. Flex the patient’s top leg forward over 
the edge of the table. The patient’s top foot may hook behind 
his or her other knee. Lock or pin this leg to the table using your 
left thigh. This will maintain your localization from below

3. Switch hands so that you palpate the L2-3 vertebral unit with 
your left hand. Grasp the patient’s lower arm (above the elbow) 
with your right hand

4. Extension from above down to the somatic dysfunction is 
obtained by pushing the patient’s lower arm posteriorly and 

 3. With the fi ngers of your left hand loosely over the patient’s left 
shoulder, place your left thumb in contact with the tissues on 
the left side of the spinous process of T2

 4. Apply a downward pressure with your left hand directed 
toward your right knee to aid in localizing forces between T2 
and T3

 5. While maintaining the patient’s shoulders parallel to the table-
top, use your knee to translate the patient’s upper torso to the 
right. This introduces left side bending between T2 and T3 
from below

 6. Place your right elbow over the patient’s right shoulder with 
your forearm stabilizing the patient’s neck/head. Your hand 
drapes over the top of the patient’s head. This allows greater 
control and localization. Physicians with large hands may 
place their right hand, widespread, over the right side of the 
patient’s face

 7. With your right hand, translate the patient’s head and neck 
posteriorly, moving the cervical spine as a unit, introducing 
extension between T2 and T3

 8. With your right hand/arm, sidebend the head and neck to the 
left until you feel left side bending between T2 and T3

 9. Rotate the head and neck to the left until you feel left rotation 
between T2 and T3

10. Your fi nal corrective force is a short, transverse thrust with the 
thumb of your left hand producing left rotation and sidebend-
ing of T2. Raising your left elbow above the patient’s shoulder 
will enhance the corrective force

11. Reassess

739.3 Lumbar Somatic Dysfunction

Lumbar Flexed Dysfunction 
(Patient on Side/Lumbar Roll)

Dysfunction: Lumbar type II somatic dysfunction. L2 rotated left, 
sidebent left, and fl exed (L2 F RL SL).
Objective: To improve the ability of L2 to rotate and sidebend 
right and extend.
Discussion: Many variations of this technique exist. Some schools 
use patient on side technique for Fryette type I, or II dysfunctions. 
The mechanics of this technique may be diffi cult to understand, 

Figure 45-7 Spinous process thrust—for a fl exed upper thoracic 
dysfunction.

Figure 45-8 Patient on side, “Lumbar Roll”—for a fl exed lumbar 
dysfunction.
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4. Using the heel of your right hand, translate the entire lumbar 
and low thoracic area across the midline to the right, by apply-
ing pressure with your body against the patient’s left axilla. This 
right translation engages the barrier and localizes the left side-
bending force to L1 on L2

5. Keep the patient’s shoulders level and ischial tuberosities on the 
table

6. While maintaining your lateral translation, rotate L1 to the left. 
This is accomplished by pushing with your right hand, and by 
taking a step or two, or “walking around,” the end of the table 
to the right. Maintain the localization by pressure through your 
right hand until the barrier is engaged. Your right arm should 
be functionally fi xed to your torso, or you may fi x your right 
elbow to your right side

7. Your right arm keeps the patient’s torso extended. Do not allow 
the L1 somatic dysfunction to fl ex during the corrective force, 
as this will probably render the technique ineffective

8. The fi nal corrective force is a quick increase in left rotation of 
L1 with an anterolaterally directed force through the heel of 
your right hand by shifting your body around to the restric-
tive barrier. At this point, your feet don’t move. Use your entire 
body as a unit and maintain good body mechanics. Be sure to 
engage the barrier prior to your thrust. Do not “wind up and 
thrust”

9. Reassess motion

739.4/739.5 Sacroiliac Somatic Dysfunction

Trunk Rotation Ilium Thrust—Patient Supine

Dysfunction: Right posterior sacrum (sacrum rotated right on the 
right oblique axis, restriction of the right SI joint, inferior pole).
Objective: Improve motion of the SI joint.
Discussion: A posterior sacrum is an inferior pole restriction of 
the SI joint, wherein the ILA on the side of restriction is more 
posterior/inferior. A posterior right sacrum will be rotated right on 
a right oblique axis. The sacrum will be sidebent left.
Patient Position: Supine.
Physician Position: Standing at the level of the patient’s waist, 
opposite the side of the posterior sacrum.

cephalad, while monitoring the accumulation of forces at L2. 
Rotation from above down to L3 can be obtained by pulling the 
patient’s arm anteriorly and superiorly. Monitor accumulation 
of force at L2

5. Additional rotation to “take out the slack” is only appropriate if 
the patient is excessively mobile

6. Slip your right hand underneath the patient’s right arm, con-
tacting the anterior shoulder region with your forearm, or the 
palm of your right hand, while monitoring the dysfunction with 
your left fi ngertips

7. Contact the patient’s lateral right ilium with your left forearm, 
while palpating for localization of your force. If you have done 
a good job setting up the bottom, you don’t need much more 
motion on the pelvis. The terminal objective of this position-
ing is simply to “stretch out the bottom and compress the top,” 
achieving right lumbar sidebending

8. Prior to the thrust, ask the patient to turn his or her head 
toward the ceiling. Maintain the holding force with your right 
forearm or hand to keep the patient’s right shoulder from roll-
ing forward during your fi nal localization and thrust. To fur-
ther localize from below, rolling the patient’s hips toward the 
table is often useful. The fi nal corrective force, through your 
left forearm, is a combined vector force in an anterior and 
cephalad direction, dropping your weight downward onto 
your contact. This directed force is on the patient’s pelvis 
with your left forearm, emphasizing right sidebending of the 
lumbar spine

9. Reassess motion

Lumbar Flexed Dysfunction (Seated/Walk Around)

Dysfunction: L1 on L2, rotated right and sidebent right, fl exed 
(L1 F RR SR). This technique is useful for lower thoracic and all 
lumbar somatic dysfunctions.
Objective: Improve rotation and sidebending left and extension 
of L1 on L2.
Discussion: This technique is especially useful for fl exed dysfunc-
tions in the thoracolumbar junction. Much of the rotational force 
is from above, and extension is maintained throughout the move-
ment. Localize the barrier through lateral translation. When per-
forming this technique, it is important to keep both of the patient’s 
ischial tuberosities in contact with the table. Instructing the patient 
to turn his or her head to the side opposite to the dysfunction may 
enhance results by adding more rotation from above.
Physician Position: Standing behind the seated patient.
Patient Position: Patient sitting astride the end of the table with his 
or her back toward the physician. Keep the patient’s pelvis close to 
the edge. An electric table is useful for proper technique execution.
Procedure (Fig. 45.9):

1. Instruct the patient to clasp his or her hands behind his or 
her neck

2. With your left arm, reach beneath the patient’s left axilla (just 
below the shoulder), crossing the chest anteriorly. Place your 
left hand over the patient’s right arm, grasping the area just 
below the right humeral head

3. Place the heel of your right hand over the right transverse pro-
cess of L1. Instruct the patient to slump forward slightly until 
gaping (fl exion) is palpated with your right hand. Now ask the 
patient to “sit up as straight as possible.” Take up the exten-
sion with your right hand. Ask the patient to “relax” while you 
maintain the extension at L1

Figure 45-9 Patient seated, “Walk Around”—for a fl exed lumbar 
dysfunction.
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Procedure (Fig. 45.10):

1. Slide the patient’s upper torso away from you to introduce the 
proper sidebending. The patient’s left shoulder should now be 
lying in the midline of the table. Leave the patient’s legs in the 
middle of the table

2. Have the patient place the hands behind the neck and interlace 
the fi ngers

3. Take your cephalad hand and insert it through the triangle 
formed by the patient’s right arm. The dorsum of your cephalad 
hand should rest on the sternum

4. Place your caudad hand over the patient’s right iliac crest stabi-
lizing the pelvis

5. Rotate the patient’s torso to the left with your cephalad arm by 
pivoting the patient on the patient’s left shoulder. Make sure 
to keep the patient’s left shoulder in the middle of the table 
throughout this arc of motion. Do not fl ex the patient’s torso

6. As the patient’s torso is rolled toward you, take up all the slack 
in the tissues until localization is felt down at the sacrum. The 
fi nal corrective force is a quick thrust posteriorly on the ilium, 
moving the ilium to approximate with the posterior right 
sacrum

7. Reassess motion

Note: If the technique is unsuccessful, do not apply more force. 
The technique “will go or won’t go.”

Ilium Thrust—Patient on Side (Anterior Sacrum)

Dysfunction: Right anterior sacrum (sacrum rotated left on the 
left oblique axis, restriction of the right SI joint, superior pole).
Objective: To improve motion of the right SI joint.
Discussion: This technique moves the ilium to “meet up with” the 
anterior sacrum.

Repeat the seated fl exion test following treatment to evaluate 
the techniques effi cacy.
Patient Position: Lying on his or her left side.
Physician Position: Standing in front of the patient at waist level.
Procedure (Fig. 45.11):

1. Place the fi ngertips of your right hand in the right sacral sulcus 
to monitor localization of forces at the right SI joint

2. With your left hand, grasp under the patient’s ankles, fl exing his 
or her knees and hips together until motion is appreciated (and 
localized to) the right SI joint with your right index fi nger

3. Drop the patient’s right leg off the front of the table. This 
results in proper sidebending of the SI joint

4. Place your left forearm posterior to the patient’s right iliac crest
5. While monitoring the SI joint with your left hand, place your 

right forearm in the patient’s right axilla and rotate his or her 
torso posteriorly until you appreciate motion at the SI joint. 
Your right arm is now a holding force

6. With your left forearm roll the patient’s lower torso toward you 
so that your body weight is above the patient’s pelvis. The table 
must be low enough to do this

7. The fi nal corrective force is a thrust through your left forearm 
directed anteriorly down the patient’s leg (toward the fl oor), 
moving the innominate anteriorly and inferiorly to approximate 
with the anterior sacrum

8. Reassess motion

739.6 Lower Extremity Somatic Dysfunction

Posterior Fibular Head Thrust

Dysfunction: Example: left posterior fi bular head. That is, the 
head of the left fi bula is in a position of posterior displacement in 
relation to the tibia.
Objective: Improve anterior translation of fi bular head.
Discussion: The fi bular head and lateral malleolus often have 
reciprocal motions. In this example, it would be common to fi nd 
an associated anterior lateral malleolus.
Patient Position: Supine.
Physician Position: Standing at the patient’s left side at the level 
of his or her knee.
Procedure (Fig. 45.12):

1. Place the lateral portion (of the proximal end) of your right 
index fi nger directly behind the head of the left fi bula

2. Your right thumb should project over the anterior surface of the 
fi bula

3. Grasp the patient’s left ankle with your left hand positioned 
anterior to the malleoli (thumb projects downward just above 

Figure 45-10 Ilium thrust, trunk rotation, patient supine—for a 
posterior sacrum.

Figure 45-11 Ilium thrust, patient on side—for an anterior 
sacrum.
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Objective: Restore free posterior motion of the radial head and 
improve supination.
Discussion: The anterior radial head is relatively rare.
Patient Position: Seated.
Physician Position: Standing facing patient.
Procedure (Fig. 45.14):

1. Grasp patient’s right hand with your right hand, as if shaking 
hands

2. Grasp patient’s right elbow in such a way that the fi ngers of 
your left hand contact the olecranon process. Place your left 
thumb (alternatively you may use the fi ngers of your left hand) 
in the antecubital space applying a fi rm posterior directed pres-
sure over the radial head. Your thumb will act as a wedge to 
thrust the radial head posteriorly

3. Use your right hand to induce pronation and fl exion of the 
patient’s forearm and wrist while introducing rapid fl exion 
of the elbow. This fl exion results in the simultaneous poste-
rior thrust of the radial head through the wedging action of 

the lateral malleolus and the fi ngers project downward above 
the medial malleolus)

4. Position the patient’s left knee in extreme fl exion. This 
will engage the barrier as your right index fi nger acts as a 
fulcrum

5. Corrective movement is then applied by anterior pressure 
against the posterior fi bular head using the right hand as a ful-
crum, while simultaneously externally rotating the ankle

6. Reassess fi bular motion

Tibio-Talar Tug

Dysfunction: Anterior tibia dysfunction—tibia is translated ante-
riorly on the talus.
Objective: To restore normal motion of the ankle.
Discussion: This technique is useful in the treatment of the com-
mon anterior tibia dysfunction. When the tibia is anterior, the 
talus is relatively posterior and prefers dorsifl exion. This technique 
involves engaging the restrictive barrier into plantar fl exion and 
“tugging” the talus anterior to correct the dysfunction.
Patient Position: Supine.
Physician Position: Standing at the foot of the table.
Procedure (Fig. 45.13):

1. The physician grasps the patient’s foot by interlacing his or her 
fi ngers of both hands over the dorsum of the foot allowing the 
thumbs to project under the plantar surface of the foot

2. The foot and leg are lifted from the table with the foot held at 
right angles and the foot is supinated and inverted

3. The physician then applies a slight traction force through the 
foot to disengage the tibial-talar joint

4. The patient is asked to relax and the physician applies a cor-
rective force of a quick tug increasing the supination, inversion, 
and traction

739.7 Upper Extremity Somatic Dysfunction

Anterior Radial Head Thrust (Radioulnar)

Dysfunction: The right radial head is restricted in posterior motion 
and external rotation of the forearm is restricted (supination).

Figure 45-12 Posterior fi bular head thrust. Figure 45-13 Tibio-talar tug technique.

Figure 45-14 Anterior radial head thrust (radioulnar).

Chila_Chap45.indd   679Chila_Chap45.indd   679 8/6/2010   6:43:15 PM8/6/2010   6:43:15 PM



680 III • APPROACH TO THE SOMATIC COMPONENT

associated with a primary thoracic dysfunction. This technique 
is most effective with a fl exed upper thoracic dysfunction and 
less effective with extended dysfunctions. As such, the primary 
thoracic dysfunction should be treated fi rst before you employ 
this technique. In the situation in which the left 3rd rib is dys-
functional, T2 is rotated and sidebent left with the body of T2 
pushing against the head of rib 3, straining the costotransverse 
articulation.
Patient Position: Seated.
Physician Position: Standing behind the seated patient.
Procedure (Fig. 45.16):

1. Place your right foot on the table several inches to the right of 
the patient’s right hip. Place your right knee under the patient’s 
right axilla and drape the patient’s arm over your knee. Place a 
pillow between your knee and the patient’s axilla. The patient’s 
left arm may be drawn across his or her lap. This moves the 
scapula laterally to improve access to the area of the posterior rib 
angle. Stabilize the patient against your leg and torso. Maintain 
the patient’s shoulders parallel to the table

2. Drape your left hand over the patient’s left shoulder with your 
thumb contacting the angle of the dysfunctional 3rd rib. Apply 
a fi rm fi xing force inferiorly and medially over the rib

3. Place your right hand (and forearm if necessary), with wide-
spread fi ngers, over the right side of the patient’s neck, cheek 
and zygoma. Your third digit should contact the face just infe-
rior to the zygoma. Avoid placing your fi ngers in the patient’s 
eyes and nose

4. With your right hand, translate the cervical spine as a unit, pos-
teriorly until motion is noted at the T2-3 spinal level. Gen-
tly extend the cervical spine until motion is appreciated at the 
T2-3 spinal level. Rotate the patient’s head to the right until 
forces accumulate at the level of T2. You may make minor 
adjustments to further enhance localization. These can include 
small amounts of sidebending or rotation to help localize the 
barrier

5. The fi nal corrective force is a quick increase in right rotation 
of the patient’s head and neck while maintaining fi rm fi xation 
with your left hand on the rib. A counter thrust is not executed 
on the rib. The corrective force has moved T2 in relation to T3 
and to the head of rib 3. The rib is usually felt to become sud-
denly freer following the execution on the technique. Instructing 

your left hand or thumb between the radius and the biceps 
muscle

4. Reassess motion of the radial head

Posterior Radial Head Thrust (Radioulnar)

Dysfunction: Right radial head is restricted in anterior motion 
relative to the ulna and is free in posterior motion. A restriction of 
internal rotation (pronation) may also be found.
Objective: Restore free anterior motion of the radial head and 
restore pronation.
Discussion: The posterior radial head is relatively common.
Patient Position: Seated.
Physician Position: Standing facing patient.
Procedure (Fig. 45.15):

1. Grasp patient’s right hand with your right hand, while stabiliz-
ing the wrist

2. Hold patient’s proximal forearm in your left hand, with your 
thumb applying an anteriorly directed pressure to the posterior 
aspect of the radial head

3. Now, while maintaining the anterior pressure on the radial 
head, with the arm in a pronated position and the elbow fl exed, 
the corrective technique should be a fl uid movement supinating 
the forearm and wrist and extending the elbow

4. Just before reaching complete extension, apply a HVLA thrust 
through your left thumb on the proximal radial head moving it 
anteriorly

5. Reassess motion

739.8 Rib Somatic Dysfunction

Elevated Upper Rib Thrust (Reverse Rib)

Dysfunction: Left 3rd rib is prominent with tissue texture abnor-
mality and restricted motion to an anterior and inferior applied 
force. Associated limitation of right rotation and sidebending of 
T2 on T3 is present.
Objective: To restore normal motion to the rib and associated tho-
racic segment.
Discussion: This is a Chicago technique introduced by Norman 
J. Larson, D.O., F.A.A.O. This technique may be used for 2nd, 
3rd, and 4th “structural” rib dysfunctions. This rib dysfunction is 

Figure 45-16 Elevated upper rib thrust, “reverse rib.”Figure 45-15 Posterior radial head thrust (radioulnar).
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the patient to shake his or her head “no” before applying the 
fi nal correcting thrust may enhance results

6. Reassess motion
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Muscle Energy Approach
WALTER C. EHRENFEUCHTER46

K E Y  C O N C E P T S

■ Muscle energy is a plan of diagnosis and treatment which relies on active patient effort through muscular 
contraction.

■ This approach requires active use of the patient’s muscles, on request, from a precisely controlled position, 
in a specific direction, and against a distinctly executed counterforce.

■ Postisometric relaxation is a mobilization technique that applies gentle force to improve “articulation” and thereby 
restore previously restricted motion.

■ The versatility of this approach allows combination with any of the other osteopathic manipulative techniques in 
total patient management.

DEFINITION

Muscle energy technique has been defi ned as a form of osteopathic 
manipulative treatment in which the patient’s muscles are actively 
used on request, from a precisely controlled position, in a specifi c 
direction, and against a distinctly executed counterforce.

Muscle energy techniques involve the patient’s active coopera-
tion to contract a muscle or muscles, inhale or exhale, or move one 
bone of a joint in a specifi c direction relative to the adjacent bone. 
For these reasons, muscle energy cannot be used if the patient is in a 
coma, uncooperative, too young to cooperate, or unresponsive (8).

HISTORY

Muscle energy is a system of osteopathic diagnosis and treatment 
with roots extending back to Andrew Taylor Still. Dr. Still did not 
record the way that he treated, preferring to insist that his students 
conduct an exhaustive study of anatomy while absorbing the osteo-
pathic philosophy. He told students that if they knew anatomy and 
understood osteopathic philosophy, they would know what to do. 
As the osteopathic profession sought to increase the effi ciency of 
teaching students how to treat patients, certain key individuals 

CASE STUDY

A.J., a 54-year-old male, presents with recent onset lower back 
pain. The pain began while he was attempting to push a heavy 
automobile. The worst pain is located in the region of the lum-
bosacral junction and spreads across the top of the right iliac 
crest and into the right groin. The pain is worse with truncal 
flexion and improves with truncal extension. The pain is a con-
stant dull ache with sharp exacerbations. He denies radicular 
pain, sensory loss, paresthesias, or lower extremity weakness.

Physical examination reveals normal vital signs, normal car-
diac and pulmonary exams. Neuromusculoskeletal exam reveals 
normal motor, reflexes, and sensation. Gross motion testing notes 
mildly restricted lumbar range of motion. The standing flexion 

test is positive on the right suggesting a possible innominate 
dysfunction. This is confirmed by palpating passively induced ili-
osacral motion and discovering loss of right iliosacral motion. The 
posterior superior iliac spine on the right is more cephalad than 
on the left. The sacral sulcus on the right is shallow. The diagnosis 
is a right anteriorly rotated innominate somatic dysfunction.

Mechanism of Injury:
Excessive contraction of the rectus femoris muscle on the right 
against an unyielding resistance has resulted in the innominate 
bone being rotated anteriorly relative to the sacrum.

Treatment:
The appropriate muscle energy technique is utilized to treat the 
right anterior innominate somatic dysfunction. Reassessment 
reveals restoration of symmetric passively induced iliosacral 
motion and a normal standing flexion test. Additionally, the 
patient reports immediate substantial pain relief.
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of Osteopathic Medicine. After Mitchell’s death in 1974, the 
American Academy of Osteopathy organized a committee of phy-
sicians who had taken a tutorial with Mitchell and developed a 
manual for the presentation of 5-day courses to familiarize others 
with Mitchell’s work. Additional tutorials were conducted for new 
faculty at the newly established colleges of osteopathic medicine 
from 1977 to 1981. The fi ve earlier established osteopathic colleges 
began to integrate muscle energy procedures into their curriculum. 
In 1979, Mitchell et al. (6) published the manual that was and 
is still used as a reference in most osteopathic medical colleges. 
In 1999, Mitchell, Jr. completed publication of an exhaustive text 
on the muscle energy approach (7). Muscle energy diagnostic and 
treatment procedures developed by Mitchell, Sr. are currently a 
standard part of the osteopathic manipulative medicine curriculum 
and are also used by many physical therapists.

INDICATIONS AND CONTRAINDICATIONS

The muscle energy approach is indicated in the presence of 
somatic dysfunction in the absence of contraindications. Postiso-
metric relaxation and joint mobilization using muscle force type 
techniques should not be applied to acutely injured or painful mus-
cles. These would be better treated using a reciprocal inhibition 
technique.

Postisometric relaxation and joint mobilization using mus-
cle force muscle energy techniques should not be requested of 
a patient with low vitality that could further be compromised 
(e.g., by provoking internal bleeding) by adding active muscle exer-
tion. Examples would include a postsurgical patient or a patient in 
an intensive care unit immediately following a myocardial infarc-
tion. These patients could still be candidates for the use of those 
techniques requiring the use of respiratory assistance, oculocepha-
logyric refl ex, reciprocal inhibition, or the crossed extensor refl ex 
as these are exceptionally gentle techniques. Oculocephalogyric 
refl ex techniques are contraindicated in anyone who has undergone 
recent eye surgery or has recently sustained trauma to the eye.

Muscle energy techniques are contraindicated for any individ-
ual who is unable or unwilling to follow the verbal directions of the 
physician. Examples here would include the very young child or 
infant; those not able to understand the physician due to a language 
barrier, or hearing loss; as well as the mentally ill who are unable 
to cooperate.

Complications: When both the patient and the type of muscle 
energy technique are chosen properly, no serious complications 
occur. Minor complications such as posttreatment muscle or joint 
soreness tend to be self-limiting and resolve within 24 to 36 hours 
without additional treatment.

Use of inappropriately excessive force has been reported to 
result in the complications of tendon avulsion from bone (in an 
85-year-old man) and rib fracture (in a patient with osteoporo-
sis). Inappropriate application of oculocephalogyric refl ex cervical 
range of motion muscle energy techniques has resulted in anterior 
chamber intraocular hemorrhage in a single patient postcataract 
removal and lens implant surgery (C. Walter Ehrenfeuchter, D.O., 
F.A.A.O.—personal communication).

FACTORS INFLUENCING THE SUCCESSFUL 
APPLICATION OF MUSCLE ENERGY 
TECHNIQUES

Good results depend on accurate diagnosis, appropriate levels of 
force, and suffi cient localization. Poor results are most often caused 

made contributions by developing a particular type of technique 
into a plan. Fred Mitchell, Sr. contributed by developing a plan of 
diagnosis and treatment that he called muscle energy because of its 
reliance on active patient effort through muscular contraction

Mitchell (1) credited Kettler as the fi rst to focus (his) attention 
on the importance of the vast amount of tissue involved between 
joints, muscle, and fascia, and the changes it undergoes in the 
lesioning process. Kettler also emphasized that without establishing 
bilateral myofascial harmony, the lesion pattern is not obliterated 
and returns again and again. Mitchell also quoted Still, showing 
that he knew about this: “The attempt to restore joint integrity 
before soothingly restoring muscle and ligamentous normality was 
putting the cart before the horse” (1).

Some sources allege that muscle energy techniques are an 
outgrowth of a method developed by T. J. Ruddy (2) called resis-
tive duction. In Ruddy’s method, the physician offers resistance to 
the patient’s active movement, but the patient is required to move 
quickly, often at a rate of 60 excursions per minute, or equal to the 
patient’s pulse rate. Ruddy’s purpose in asking the patient to con-
tract muscle quickly and repetitively was twofold:

1. To increase blood (and other tissue fl uid) movements to remove 
metabolic waste products from the cells and circulate oxygen

2. To tone inactive muscles that might be weak

Mitchell and Kettler must have been unaware of the propriocep-
tive neuromuscular facilitation (PNF) techniques developed by 
Kabat, Knott, and Voss at the Kabat-Kaiser Institute during the 
late 1940s. These techniques were not widely known. PNF uses 
skills to reeducate muscle for several reasons (3):

“To gain inhibition in muscles which may be in a protective spasm.”
“To improve range (of motion) at an intervertebral level.”

Mitchell fi rst published his work in the Yearbook of the American 
Academy of Osteopathy in 1958 after receiving requests for a written 
description of the work he had developed in the 1940s and 1950s. 
He described one method of correction that used the effort of an 
extrinsic guiding operator as the activating force plus the intrin-
sic respiratory and muscular cooperation of the patient. He wrote 
about the direct method treatments of soft tissues (with attention 
to fasciae) and treatment using Neidner’s fascial release prior to 
articular correction. Muscular energy technique, he wrote, with its 
many ramifi cations, is a most useful tool in preparation of the soft 
tissues. Ligamentous stretching may also be of use before articular 
correction is attempted (1).

Lewit and Simons (4) wrote that the use of postisometric 
relaxation was pioneered by Mitchell Sr. and clearly described by 
F. L. Mitchell Jr. as a mobilization technique that applies gentle 
force to improve “articulation” and thereby restore previously 
restricted movement. Later authors believed that Mitchell’s mus-
cle energy approach did this more quickly than PNF techniques. 
Probably because Mitchell’s work was not recorded in indexed allo-
pathic literature, Travell and Simons (5) credited Lewit in their text 
by stating that the concept of applying postisometric relaxation in 
the treatment of myofascial pain was presented for the fi rst time in 
a North American journal in 1984.

Mitchell taught his techniques in tutorials to numerous physi-
cians. The fi rst 5-day Mitchell tutorial was held in Fort Dodge, IA, 
in 1970 and was attended by John Goodridge, Philip Greenman, 
Rolland Miller, Devota Nowland, Edward Stiles, and Sara Sut-
ton—all osteopathic physicians. Several tutorials followed across 
the country. In 1972, Mitchell’s examination and treatment pro-
cedures were videotaped at Michigan State University’s College 
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Sequence

Based on an accurate diagnosis, a muscle energy procedure follows 
these principles:

 1. The physician positions the body part to be treated at the posi-
tion of initial resistance. It is important that only the “feather 
edge” of the restrictive barrier is engaged for maximal effi cacy 
of these techniques. The “feather edge” of the restrictive bar-
rier is the point where the restrictive barrier is just beginning 
to be engaged or where the tissue tension is just palpable.

 2. The physician instructs the patient about his or her par-
ticipation and helps the patient to obtain an effective direc-
tion of movement for the limb, trunk, or head. The patient 
is instructed in the intensity and duration of the muscle 
contraction.

 3. The physician directs the patient to contract the appropriate 
muscle(s) or muscle group.

 4. The physician uses counterforce in opposition to and equal to 
the patient’s muscle contraction.

 5. The physician maintains forces until an appropriate patient 
contraction is perceived at the critical articulation or area. This 
generally takes 3 to 5 seconds, but the duration varies with the 
size of the muscle being treated.

 6. The patient is directed to relax by gently ceasing the contrac-
tion while the physician simultaneously matches the decrease 
in patient force.

 7. The physician allows the patient to relax and senses the tissue 
relaxation with his or her own proprioceptors.

 8. The physician takes up the slack permitted by the procedure. 
The slack is allowed by the decreased tension in the tight 
muscle, allowing it to be passively lengthened. The physician 
notes increased range of motion.

 9. Steps 1 to 8 are repeated three to fi ve times until the best pos-
sible increase in motion is obtained. The quality of response 
often peaks at the third excursion, with diminishing return 
thereafter.

10. The physician reevaluates the original dysfunction.

PHYSIOLOGIC PRINCIPLES

There are nine different physiologic principles of muscle energy 
technique:

1. Joint mobilization using muscle force
2. Respiratory assistance
3. Oculocephalogyric refl ex
4. Reciprocal inhibition
5. Crossed extensor refl ex
6. Isokinetic strengthening
7. Isolytic lengthening
8. Using muscle force to move one region of the body achieve 

movement of another bone or region
9. Postisometric relaxation

The following section describes the goals, physiologic basis, and 
contraction force for each of these principles. Examples of treat-
ment of somatic dysfunction using each of these principles will be 
found under the treatment section. (Note: Example numbers cor-
respond to the examples in the techniques section.)

Postisometric Relaxation

Goal
To accomplish muscle relaxation.

by inaccurate diagnosis, improperly localized forces, or forces that 
are too strong.

Diagnosis

An inaccurate diagnosis may lead to inappropriate treatment and 
does not achieve the desired improvement in the patient’s condi-
tion. Even if a segmental diagnosis is accurate, complicating factors 
and the entire clinical picture of the patient need to be considered. 
For example, a careful diagnosis may indicate that side-bending is 
restricted at a segment superior to the one identifi ed for treatment; 
this then interferes with the localization required, and the superior 
segment may need to be treated before the inferior segment.

Localization

The localization of force is more important than the intensity of 
force. Localization depends on the physician’s palpatory perception 
of movement (or resistance to movement) at or about a specifi c 
articulation. Such perception enables the physician to make subtle 
assessments about a dysfunction and create variations of suggested 
treatment procedures.

Monitoring the localization of forces and confi ning the direc-
tion of force by the diagnosed muscle group to the level of somatic 
dysfunction are important to achieve desired results. When the 
physician introduces motion into an articulation that is a segment 
or two below the dysfunctional one, the probability of success 
greatly decreases because the forces have been directed to the 
wrong muscles.

Amount of Force

Using excessive force is the most common mistake made in apply-
ing muscle energy technique. This is not a wrestling match between 
patient and physician. Excessive force recruits other muscles to 
assist in stabilization of the body part being treated and may com-
pletely negate the intent of the technique. Excessive forces used on 
older patients may result in tendon avulsion from bone.

Asymmetrical Muscle Strength

Where asymmetry of range of motion occurs, consider and test the 
possibility of asymmetrical strength. Some ranges of motion may 
be asymmetrical because of weakness of a group of muscles rather 
than the shortness of the antagonist group. If asymmetry of muscle 
strength is present, employ a method to increase the strength of 
the weak muscle group. Progressive resistance exercises are used 
to strengthen weakened muscle groups. If weakness and shortness 
occur in different muscle groups but on the same side, attend to 
the shortness fi rst. Jull and Janda (10) feel the agonists spontane-
ously increase their strength if the shortened or hypertonic fi bers 
are lengthened.

TYPICAL SEQUENCE OF STEPS IN TECHNIQUE

Diagnosis

The physician should make an accurate diagnosis prior to initiating 
any treatment sequence. Although a diagnosis of somatic dysfunc-
tion from the muscle energy perspective has some unique elements, 
they are well described in the chapters on regional examination 
of the body. The reader is referred to those chapters to learn the 
appropriate diagnostic techniques.
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Physiologic Basis
Functional muscle groups are contracted in response to voluntary 
eye motion on the part of the patient. These eye movements refl ex-
ively affect the cervical and truncal musculature as the body attempts 
to follow the lead provided by eye motion. It can be used to produce 
very gentle postisometric relaxation or reciprocal inhibition.

Force of Contraction
Exceptionally gentle

Contraindications
Fracture, dislocation, or moderate to severe segmental instability in 
the cervical spine. Evocation of neurologic symptoms or signs on 
rotation of the neck.

Example
See 739.1 cervical somatic dysfunction
Example 2—Restriction of regional cervical rotation

Reciprocal Inhibition

Goal
To lengthen a muscle shortened by cramp or acute spasm.

Physiologic Basis
When a gentle contraction is initiated in the agonist muscle, there 
is a refl ex relaxation of that muscle’s antagonistic group.

Force of Contraction
Very gentle (think ounces, not pounds of pressure)

Example
See 739.1 cervical somatic dysfunction
Torticollis due to acute sternocleidomastoid muscle spasm

Crossed Extensor Refl ex

Goal
Used in the extremities where the muscle that requires treatment 
is in an area so severely injured (e.g., fractures or burns) that it is 
directly unmanipulable or inaccessible.

Physiologic Basis
This form of muscle energy technique uses the learned cross pat-
tern locomotion refl exes engrammed into the central nervous 
system. When the fl exor muscle in one extremity is contracted vol-
untarily, the fl exor muscle in the contralateral extremity relaxes and 
the extensor contracts.

Force of Contraction
Very gentle (think ounces, not pounds of pressure)

Example
See 739.5 pelvic somatic dysfunction
Example 2—Severe acute hamstring strain
Special types of muscle contractions may be used in addition to 
the classic isometric contraction for special situations. Two specifi c 
examples are given below.

Isokinetic Strengthening

Goal
To reestablish normal tone and strength in a muscle weakened by 
refl ex hypertonicity of the opposing muscle group.

Physiologic Basis
Mitchell Jr. (9) postulated that immediately after an isometric 
contraction, the neuromuscular apparatus is in a refractory state 
during which passive stretching may be performed without encoun-
tering strong myotatic refl ex opposition. All the operator needs to 
do is resist the contraction and then take up the slack in the mus-
cles during the relaxed refractory period. With muscle contraction, 
there may also be increased tension on the Golgi organ propriocep-
tors in the tendons; this inhibits the active muscle’s contraction.

Force of Contraction
Sustained gentle pressure (10 to 20 lb of pressure)

Example
See 739.5 pelvic somatic dysfunction
Example 5—Hip girdle dysfunction—hamstring muscles

Joint Mobilization Using Muscle Force

Goal
To accomplish restoration of joint motion in an articular dysfunction.

Physiologic Basis
Distortion of articular relationships and motion loss results in a 
refl ex hypertonicity of the musculature crossing the dysfunctional 
joint, similar to thrust (HVLA) technique. This increase in muscle 
tone tends to compress the joint surfaces, and results in thinning 
of the intervening layer of synovial fl uid and adherence of the joint 
surfaces. Restoration of motion to the articulation results in a gap-
ping, or reseating of the distorted joint relations with refl ex relax-
ation of the previously hypertonic musculature.

Force of Contraction
Maximal muscle contraction that can be comfortably resisted by 
the physician (30 to 50 lb of pressure)

Example
See 739.5 pelvic somatic dysfunction
Example 6—Innominate dysfunction—anterior rotation

Respiratory Assistance

Goal
To produce improved body physiology using the patient’s volun-
tary respiratory motion.

Physiologic Basis
The muscular forces involved in these techniques are generated by the 
simple act of breathing. This may involve the direct use of the respira-
tory muscles themselves, or motion transmitted to the spine, pelvis, 
and extremities in response to ventilation motions. The physician usu-
ally applies a fulcrum against which the respiratory forces can work.

Force of Contraction
Exaggerated respiratory motion

Example
See 739.4 sacral somatic dysfunction
Example 4—Sacral dysfunction—unilateral extended sacrum

Oculocephalogyric Refl ex

Goal
To affect refl ex muscle contractions using eye motion.
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Diagnosis

Position: Occiput is fl exed on C1
Restriction: Occiput is restricted in extension on C1

Type of Muscle Energy

Reciprocal inhibition

Treatment Position

Patient: Supine
Physician: Seated at the head of the table

Procedure

 1. The physician’s one hand is placed beneath the patient’s occiput 
with the fi ngers in contact with the suboccipital musculature

 2. The index and middle fi ngers of the physician’s other hand are 
placed on top of the patient’s chin (Figs. 46.1 and 46.2)

 3. The patient is instructed to very gently tilt the head backward 
so that their chin comes up against the physician’s fi ngers. The 
physician should be able to palpate the contraction of the sub-
occipital muscles with the hand beneath the occiput

 4. This contraction is maintained for a full 3 to 5 seconds
 5. The patient is instructed to relax, simultaneously ceasing your 

counterforce. Wait 2 seconds for the tissues to relax

Physiologic Basis
Where asymmetry of range of motion exists, there is also the 
potential for asymmetry in muscle strength. If there is shortening 
of an antagonist muscle, attend to that fi rst. Jull and Janda (10) feel 
the agonists spontaneously increase their strength if the shortened 
or hypertonic fi bers are lengthened fi rst.

Once this is accomplished, further restoration of strength can 
be accomplished through the use of an Isokinetic contraction. In 
Isokinetic contractions, the length change occurs at a constant 
velocity. Typically concentric contractions are used, where the 
muscle is permitted to shorten, but at a controlled slow rate.

Force of Contraction
Sustained gentle pressure (10 to 20 lb of pressure)

Example
See 739.5 pelvic somatic dysfunction
Example 3—Hamstring shortening resulting in refl ex quadriceps 
weakness

Isolytic Lengthening

Goal
To lengthen a muscle shortened by contracture and fi brosis.

Physiologic Basis
It is postulated that the vibration used here has some effect on 
the myotatic units in addition to mechanical and circulatory 
effects (11).

Force of Contraction
Maximal Contraction that can be comfortably resisted by the phy-
sician (30 to 50 lb of pressure)

Example
See 739.5 Pelvic Somatic Dysfunction
Example 4—Hamstring contracture

Using Muscle Force to move one region of the body 
achieve movement of another bone or region

Goal
To treat somatic dysfunction.

Physiologic Basis
For some dysfunctions, especially those involving the pelvis, it is 
often more effective to move one body structure by moving another 
body structure adjacent to it. Muscular force is used to move the 
fi rst structure and that body part’s response to the muscle force is 
transmitted to yet another part of the body.

Force of Contraction
Sustained gentle pressure (10 to 20 lb of pressure)

Example
See 739.4 sacral somatic dysfunction
Example 3—Bilaterally extended sacrum

DIAGNOSES AND TECHNIQUES

739.0 Craniocervical Somatic Dysfunction

Example 1—Acute cervical sprain and strain (Whiplash)

Figure 46-1 Occipitoatlantal (C0-1) dysfunction example C0 
ESLRR—Post-isometric relaxation. (Reprinted from Atlas of Osteo-
pathic Technique by Nicholas & Nicholas Published by LWW, 2008 
with permission.)

Figure 46-2
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 9. Steps 5 to 8 are repeated three to fi ve times
10. Success of the technique is determined by retesting segmental 

motion at the C5-6 level

Example 2—Restriction of regional cervical rotation

Diagnosis

Position: Cervical region rotated left
Restriction: Cervical region restricted in right rotation

Type of Muscle Energy

Oculocephalogyric refl ex.

Contraindications

Fracture, dislocation, or moderate-to-severe segmental instability 
in the cervical spine. Evocation of neurologic symptoms or signs 
on rotation of the neck.

Treatment Position

Patient: Supine
Physician: Seated at the head of the table

Procedure (Fig. 46.4)

1. The patient’s head and neck are rotated to the right to the 
feather edge of the regional motion barrier

2. The patient is instructed “look as far as you can to your left”
3. This position is held for a full 3 to 5 seconds
4. Direct the patient to “look straight ahead again and relax”
5. Wait 2 seconds for the tissues to relax and then rotate the head 

and neck further to the right, engaging the new regional restric-
tive barrier

6. Steps 2 to 5 are repeated three to fi ve times
7. Success of the technique is determined by reassessing cervical 

regional rotation

Example 3—Torticollis due to Acute Sternocleidomastoid Muscle 
Spasm

Diagnosis

Acute left sternocleidomastoid spasm

 6. The physician shifts his fi ngers from the front of the chin to 
just below the chin

 7. The physician lifts the chin cephalad, simultaneously press-
ing caudad with the hand beneath the occiput until the new 
restrictive barrier is engaged

 8. The physician then shifts his fi ngers once again to the anterior 
surface of the chin

 9. Steps 3 to 8 are repeated three to fi ve times
10. Success of the technique is determined by retesting occipitoat-

lantal segmental motion

739.1 Cervical Somatic Dysfunction

Example 1—Cervical segmental somatic dysfunction: C5NRSL

Diagnosis

Position: C5NRSL; C5 is neutral, rotated left, and sidebent left
Restriction: C5 Restricted in right rotation and right sidebending

Type of Muscle Energy

Oculocephalogyric Refl ex

Treatment Position

Patient: Supine
Physician: Seated at the corner of the head of the table

Procedure (Fig. 46-3)

 1. Cradle the head and neck in both hands and with the middle 
or index fi ngers palpate the C5-6 facet joints

 2. Lift the head forward until you straighten the cervical spine
 3. Let the head extend backward from above downward until C5 

is positioned in neutral relative to C6
 4. Rotate C5 to the right until initial resistance to segmen-

tal motion is palpated. Sidebending will occur automatically 
because sidebending and rotation of coupled motions in the 
cervical spine. (The left hand is mostly supporting the head 
and neck while the right hand monitors movement at the 
C5-6 facet joint.)

 5. Instruct the patient “look far to your left.”
 6. Maintain this contraction for a full 3 to 5 seconds
 7. Direct the patient to “look straight ahead and relax.”
 8. Wait 2 seconds for the tissues to relax, then rotate C5 to the 

right until the new restrictive barrier is engaged

Figure 46-3 Treatment for cervical segmental dysfunction, C2-6.

Figure 46-4 Cervical range of motion: oculocervical refl ex. 
(Reprinted from Atlas of Osteopathic Technique by Nicholas & 
Nicholas. Published by LWW 2008 with permission.)
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688 III • APPROACH TO THE SOMATIC COMPONENT

Type of Muscle Energy

Postisometric relaxation

Treatment Position

Patient: Seated on the side of the treatment table, arms crossed 
grasping their own shoulders

Physician: Standing behind the patient on the side opposite the 
direction of rotation

Procedure (Fig. 46.6)

 1. Place the pads of your right fi ngers between the spinous 
processes of T8 and T9. Have the patient slowly bend for-
ward until you feel a slight separation of these spinous 
processes

 2. Maintaining this forward bent posture, place your left axilla 
over the top of the patients left shoulder. Your left hand 
reaches across the front of the patient to grasp the right 
shoulder

 3. Lean down onto the patient’s left shoulder until you feel this 
sidebending force reach the T8 level

 4. You do not have to position the patient in rotation as sidebend-
ing and rotation are coupled motions in the thoracic spine

 5. Instruct the patient “pull your right shoulder down toward the 
fl oor”

 6. This contraction is held for a full 3 to 5 seconds
 7. Direct the patient to relax, simultaneously ceasing your 

counterforce
 8. Further fl ex and left sidebend the patient until you reach the 

new segmental restrictive barrier for T8
 9. Steps 5 to 8 are repeated three to fi ve times
10. Success of the technique is determined by retesting segmental 

motion at the T8 level

739.2 Lumbar Somatic Dysfunction

Example 1—Lumbar segmental somatic dysfunction

Type of Muscle Energy

Reciprocal inhibition

Contraindications

Fracture, dislocation, or moderate-to-severe segmental instability 
in the cervical spine. Evocation of neurologic symptoms or signs 
on rotation of the neck.

Treatment Position

Patient: Supine with the head positioned off the end of the table
Physician: Seated at the head of the table supporting the 

patient’s head

Procedure (Fig. 46.5)

1. The patient’s head is fl exed approximately 45 degrees, then 
rotated so that the hypertonic sternocleidomastoid muscle is 
positioned superiorly

2. The patient’s head is now lowered straight toward the fl oor 
until the restrictive barrier produced by this hypertonic muscle 
is engaged

3. Instruct the patient “push your head very gently directly toward 
the fl oor”

4. During this contraction, the physician is palpating the involved 
muscle with one hand to ensure that adequate relaxation is 
occurring. The contraction is held for 3 to 5 seconds

5. The patient is instructed to relax. After 2 seconds of relaxation, 
the head is again lowered toward the fl oor until the new restric-
tive barrier is engaged

6. Steps 3 to 5 are repeated three to fi ve times
7. Success of the technique is determined by palpating the 

involved Sternocleidomastoid muscle for reduction in tone and 
by observing the patient’s head position in the erect posture for 
improved body carriage

739.2 Thoracic Somatic Dysfunction

Example 1—Thoracic segmental somatic dysfunction

Diagnosis

Position: T8ERSR; T8 is extended, rotated, and sidebent right
Restriction: T8 is restricted in fl exion, rotation, and side-

bending left

Figure 46-5 Left sternocleidomastoid spasm (acute torticollis): 
reciprocal inhibition. (Reprinted from Atlas of Osteopathic Tech-
nique by Nicholas & Nicholas, LWW, 2008 with permission.) Figure 46-6 Treatment of thoracic segmental somatic dysfunction.
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motion is being gained. If coordinated enough, the patient may 
contract muscles at both the hip and shoulder simultaneously.

9. Success of the technique is determined by reevaluating segmen-
tal motion at the dysfunctional lumbar segment

739.4 Sacral Somatic Dysfunction

The diagnosis of sacral dysfunction generally requires just two 
types of information:

1. The relative position of the two sacral sulci and the two inferior lat-
eral angles (ILAs) (Fig. 46.8). The two sacral sulci are designated 
as feeling either deep or shallow compared with each other. The 
ILAs are designated as being posterior/inferior or anterior/
superior relative to each other. For unilateral sacral dysfunction, 
when the deep sulcus and the posterior/inferior ILA are on 
opposite sides of the sacrum, you have torsion. When the deep 
sulcus and the posterior/inferior ILA are on the same side of the 
sacrum, you have a unilateral sacral fl exion (shear) or extension

2. A motion test. Several different motion tests have been devised 
over the years to assess unilateral sacroiliac dysfunction
■ Lumbar spring test. In this test, the patient is prone, and a 

springing force is directed anteriorly into the lumbar spine 

Diagnosis

Position: L5FRRSR; L5 (a type II dysfunction) is fl exed, rotated 
right, and side bent right.

Restriction: L5 is restricted in extension, right rotation, and 
right side-bending.

Type of Muscle Energy

Postisometric relaxation

Treatment Position

Patient: Lateral recumbent and lying with the rotational compo-
nent closest to the table (in this case on the right side). The hips are 
fl exed 45 degrees and the knees are fl exed 90 degrees.

Physician: Standing facing the patient

Procedure (Fig. 46.7)

1. The physician palpates the interspinous space between L5 and 
S1 with the cephalad hand

2. The patient’s lumbar spine is passively fl exed and extended by 
fl exing and extending the hips until the dysfunctional segment 
is positioned in neutral relative to fl exion and extension

3. The patient’s upper leg is fl exed slightly further at the hip and 
dropped off the side of the table cephalad to the lower leg

4. The patient’s pelvis is rotated anteriorly until the initial resis-
tance reaches the segment to be treated

5. The L5-S1 interspinous space is now palpated with the physi-
cian’s caudad hand while the patient’s upper shoulder is carried 
posteriorly again until the initial resistance reaches the segment 
to be treated

6. The patient is instructed to “pull gently forward with your 
shoulder.” This contraction is held for a full 3 to 5 seconds. 
After 2 seconds of relaxation, the shoulder is carried posteriorly 
until a new restrictive barrier is met

7. The patient is then instructed to “pull your hip gently back-
ward.” This contraction is held for a full 3 to 5 seconds. After 
2 seconds of relaxation, the hip is carried forward until a new 
restrictive barrier is met

8. Each sequence of contraction/relaxation/repositioning is 
repeated three to fi ve times or as long as further segmental 

Figure 46-7 Treatment for lumbar, type II segmental dysfunction, 
lateral recumbent position.

B

A

Figure 46-8 Sacral landmarks. A. the sacral sulci. B. the ILAs.
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690 III • APPROACH TO THE SOMATIC COMPONENT

(Fig. 46.9). Normal spring (negative spring test) indicates the 
presence of an anterior torsion or a unilateral fl exion. Increased 
resistance to pressure (positive spring test) indicates the pres-
ence of either a posterior torsion or a unilateral extension

■ Sphinx test, also called lumbopelvic hyperextension, employs 
observation in changes in asymmetry at the sacral sulci 
(Fig. 46.10). When going from the prone position to the 
sphinx position, if the sacral sulci become more symmetric, 
you have an anterior torsion or a unilateral fl exion. If the 
sacral sulci become more asymmetric, you have a posterior 
torsion or a unilateral extension

■ Seated fl exion test (see Chapter 41)
■ Seated assessment of ILA asymmetry (Figs. 46.11 and 46.12). 

This test is performed in a manner similar to a seated fl exion 
test (special tests of the pelvis), but the ILAs are monitored. 
As in the sphinx test, if the asymmetry increases, you have 
a posterior torsion or unilateral extension. If the asymmetry 
decreases or stays the same, you have an anterior torsion or 
unilateral fl exion

■ Four-digit contact (Fig. 46.13). Contact the four corners of 
the sacrum as depicted. Assess motion of the sacrum by direct 

Figure 46-9 Lumbar spring test.

Figure 46-10 Sphinx test.

Figure 46-11 Test for inferior lateral angle asymmetry, starting 
position.

Figure 46-12 Test for inferior lateral angle asymmetry, at end of 
fl exion.

Figure 46-13 Four-digit contact.
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 7. Direct the patient to relax, simultaneously ceasing your 
counterforce

 8. Wait 2 seconds for the tissues to relax, and then press both legs 
toward the fl oor until a new restrictive barrier is reached

 9. Steps 5 to 8 are repeated three to fi ve times
10. Success of the technique is determined by rechecking the 

symmetry of the sacral sulci and ILAs, and by retesting sacral 
motion

Example 2—Sacral dysfunction—posterior torsion (Fig. 46.15—
treatment of posterior sacral torsion)

Diagnosis

Example: A left on right sacral torsion.
Position: Posterior torsion about a right oblique axis; an L 

on R sacral torsion (the L designates the direction of sacral rota-
tion, the R designates the oblique axis on which this rotation is 
occurring).

Restriction: Anterior rotation about the right oblique axis is 
restricted. The oblique axes are not free to alternate during the gait 
cycle.

Type of Muscle Energy

Complex: the experts are still debating exactly what happens dur-
ing this technique, but it is likely a combination of joint mobiliza-
tion using muscle force and postisometric relaxation.

Treatment Position

Patient: Right lateral recumbent position (lying on the side of the 
axis)

Physician: Stands at the side of the table facing the patient

pressure on the sacrum, moving it about its various axes, or 
quietly palpate sacral motion while the patient respires.

Example 1—Sacral dysfunction—anterior torsion

Diagnosis

Example: A left on left sacral torsion.
Position: Anterior torsion about a left oblique axis; an L on L 

sacral torsion (the fi rst L designates the direction of sacral rotation, 
the second L designates the oblique axis on which this rotation is 
occurring).

Restriction: Posterior rotation about the left oblique axis is 
restricted. The oblique axes are not free to alternate during the gait 
cycle.

Type of Muscle Energy

Complex: the experts are still debating exactly what happens dur-
ing this technique, but it is likely a combination of multiple muscles 
simultaneously going through postisometric relaxation.

Treatment Position

Patient: Left lateral modifi ed Sims’ position (lying on the side of 
the axis)

Physician: Stands at the side of the table facing the patient

Procedure (Fig. 46.14)

 1. The patient’s right shoulder is pressed as close to the table as 
it will go. Postisometric relaxation technique may be used to 
obtain optimal positioning

 2. The physician’s cephalad hand palpates over the right sacral 
sulcus

 3. The patient’s hips and knees are fl exed to 90 degrees. Both 
legs are then dropped off the side of the table. A pillow may be 
necessary to cushion the distal thigh against the table edge

 4. The physician’s caudad hand is placed just proximal to the lat-
eral malleolus of the upper leg

 5. The patient is instructed to “lift your legs straight up toward 
the ceiling”

 6. This contraction is held for a full 3 to 5 seconds

Figure 46-14 Treatment of anterior sacral torsion. Figure 46-15 Treatment of posterior sacral torsion.
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Diagnosis

Example: Unilateral extended sacrum—right
Position: Unilateral extended sacrum—right
Restriction: Right sacroiliac joint restricted in fl exion

Type of Muscle Energy

Respiratory assistance

Treatment Position

Patient: Sphinx position (prone with the elbows supporting the 
upper body)

Physician: Standing at the side of the patient opposite the side 
of dysfunction

Procedure (Fig. 46.16)

1. The hypothenar side of the heel of the physician’s right hand is 
placed in the region of the right sacral sulcus exerting a steady 
pressure directed toward the table. It is reinforced by the physi-
cian’s left hand

2. The patient is instructed to “inhale and then exhale quickly”
3. During exhalation, the physician follows forward nutation of 

the sacrum
4. During inhalation, the physician resists posterior nutation of 

the sacrum
5. Steps 2 to 4 are repeated three to seven times
6. Success of the technique is determined by rechecking symme-

try of the sacral sulci and the ILAs, and by retesting sacroiliac 
motion

739.5 Pelvic Somatic Dysfunction

Example 1—Superior pubic bone somatic dysfunction

Diagnosis

Position: Pubic bone on side of dysfunction is displaced superiorly

Procedure (Fig. 46.15)

 1. The patient’s left shoulder is carried posteriorly until the ini-
tial restriction is sensed

 2. The physician’s cephalad hand palpates over the left sacral sulcus
 3. The patient’s hips are fl exed to 45 degrees and the knees to 

90 degrees
 4. The patient’s upper leg is fl exed further at the hip and dropped 

off the table cephalad to the lower leg
 5. The physician grasps this leg just above the lateral malleolus.
 6. The patient is instructed to “lift your ankle up toward the ceil-

ing as hard as you can”
 7. This contraction is maintained for a full 3 to 5 seconds
 8. Direct the patient to relax, simultaneously ceasing your coun-

terforce
 9. Wait 2 seconds for the tissues to relax, and then press the 

leg further toward the fl oor until a new restrictive barrier is 
reached

10. Steps 6 to 9 are repeated three to fi ve times
11. Success of the technique is determined by rechecking the sym-

metry of the sacral sulci and ILAs and by retesting sacroiliac 
motion

Example 3—Bilaterally extended sacrum

Diagnosis

Position: Bilaterally extended sacrum
Restriction: Sacrum restricted in fl exion on both sacroiliac joints

Type of Muscle Energy

Using muscle force to move one region of the body achieves 
movement of another bone or region. (In this case, muscles will 
move the lumbar spine that will in turn move the sacrum.)

Treatment Position

Patient: Seated on a low stool at the end of the treatment table, 
with the feet together and the knees separated.

Physician: Seated at the end of the treatment table behind the 
patient.

Procedure

1. A pillow or pad is placed on the patient’s sacral base and the 
physician’s one knee is placed against this, exerting a continuous 
anterior pressure against the sacral base

2. The patient is instructed to reach back and grasp the edges of 
the table

3. The physician gently restrains the patient by both shoulders
4. The patient is instructed to “lift the lower end of your sternum 

up toward the ceiling.” (This has the effect of increasing the 
lumbar lordosis, arching the back in the manner of “an old sway 
backed horse.” Increasing the lumbar lordosis normally makes 
the sacrum move into fl exion, the desired effect here.)

5. This contraction is held for 3 to 5 seconds
6. The patient is instructed to relax while the physician maintains 

anterior pressure on the base of the sacrum
7. Steps 4 to 6 are repeated three to fi ve times
8. Success of the technique is determined by reassessing sacral 

motion (sacral rock test) as well as the depth of the sacral sulci 
and position of the ILAs

Example 4—Sacral dysfunction—unilateral extended sacrum
Figure 46-16 Treatment of unilateral extended sacrum.
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Treatment Position

Patient: Supine
Physician: Standing at the side of the table on the side of acute 

spasm

Procedure (Fig. 46.18)

1. The patient’s right hip is fl exed to the initial resistance while 
keeping the knee in extension

2. If the range of motion permits, the leg may be placed atop the 
physician’s shoulder

3. The physician’s hands are placed on top of the patient’s thigh to 
maintain the knee in extension throughout the technique

4. The patient is instructed to “very gently push your left knee 
down against the table”

5. This contraction is held for a full 3 to 5 seconds
6. Direct the patient to relax
7. Wait 2 seconds for the tissues to relax, then further fl ex the right 

hip until the new restrictive barrier is engaged
8. Steps 4 to 7 are repeated three to fi ve times or until no addi-

tional motion can be gained
9. Effectiveness of the technique is assessed by retesting right hip 

range of motion in fl exion with the knee extended

Example 3—Hamstring shortening resulting in refl ex quadriceps 
weakness

Diagnosis

Refl ex weakness of the right quadriceps

Type of Muscle Energy

Isokinetic strengthening

Treatment Position

Patient: Prone
Physician: Standing at the side of the table on the side of the 

weakened quadriceps

Restriction: Pubic bone on side of dysfunction resists inferior 
movement

Type of Muscle Energy

Joint mobilization using muscle force.

Treatment Position

Patient: Supine, lying near the edge of the table
Physician: Standing at the side of the table on the side of dys-

function

Procedure (Fig. 46.17)

 1. The physician abducts the patient’s ipsilateral thigh so that the 
leg and thigh can hang off the side of the table

 2. The physician’s cephalad hand is placed on the patient’s con-
tralateral anterior superior iliac spine to prevent the patient 
from rolling off the table during the technique

 3. The physician’s caudad hand is placed just proximal to the 
patient’s ipsilateral knee

 4. The physician presses downward on the thigh until the restric-
tive barrier is engaged

 5. The patient is instructed to “lift your knee up toward the ceil-
ing and slightly toward the table”

 6. This isometric contraction is maintained for a full 3 to 
5 seconds

 7. The patient is instructed to relax
 8. Wait 2 seconds for the tissues to relax, then reposition the 

patient’s thigh further down toward the fl oor until the new 
restrictive barrier is engaged

 9. Steps 5 to 8 are repeated three to fi ve times
10. Effectiveness of the technique is determined by reexamining 

the position of the pubic tubercles and by repalpating passively 
induced iliosacral motion

Example 2—Severe acute hamstring strain

Diagnosis

Severe acute right hamstring strain with spasm

Type of Muscle Energy

Crossed extensor refl ex

Figure 46-17 Right Superior Pubic Shear Dysfunction: Muscle 
Contraction Mobilizes Articulation. (Reprinted from Nicholas & 
Nicholoas with permission.) Figure 46-18 Treatment of hypertonic hamstring muscle.
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Procedure (Fig. 46.19)

1. The patient’s leg on the side of dysfunction is fl exed at the hip 
and the knee, and the foot is placed on the physician’s shoulder

2. The physician’s hands are placed against the hamstring muscles 
just proximal to the popliteal region

3. The patient is instructed to “push your thigh against my hands”
4. This contraction is held for a full 3 to 5 seconds
5. Direct the patient to relax, simultaneously ceasing your coun-

terforce
6. Wait 2 seconds for the tissues to relax, and then reposition the 

innominate into further posterior rotation by further fl exing the 
hip until the new restrictive barrier is engaged

7. Steps 3 to 6 are repeated three to fi ve times or until a sudden 
release of the innominate dysfunction is palpated

8. Effectiveness of the technique is assessed by rechecking ili-
osacral motion

739.6 Lower Extremity Somatic Dysfunction

Knee—Proximal Fibula Posterior (Fig. 46.20)

Procedure

1. The right knee is fl exed until the motion barrier for the quad-
riceps is reached. The physician restrains the leg just proximal 
to the ankle

2. The patient is instructed to “gently push your leg against my hand”
3. While the patient is pushing, slowly, allow the knee to extend 

through the middle of its normal range of motion. This typi-
cally takes 3 to 5 seconds

4. Instruct the patient to stop pushing
5. Steps 1 to 4 are repeated three to fi ve times
6. Success of the technique is determined by retesting quadriceps 

strength

Example 4—Hamstring contracture

Diagnosis

Hamstring contracture

Type of Muscle Energy

Isolytic lengthening
Treatment position
Patient: Supine
Physician: Standing at the side of the table on the side of the 

contractured hamstring

Procedure

 1. The patient’s hip is fl exed to the initial resistance while keep-
ing the knee in extension

 2. The patient’s leg is then placed atop the physician’s shoulder
 3. One hand is placed on the thigh, just proximal to the knee; 

the other is placed just proximal to the ankle posterior to the 
Achilles tendon

 4. The patient is instructed to “push your knee down toward the 
table as hard as you can”

 5. While the patient is pushing, the physician creates an oscil-
latory motion with both hands. This repeatedly stretches the 
muscle at a rate of about four times per second (4 Hz)

 6. This combined forceful contraction and vibratory stretching is 
continued for 3 to 5 seconds

 7. The patient is instructed to relax and the oscillatory motion 
is stopped

 8. Wait 2 seconds for the tissues to relax and then further fl ex the 
hip to the new restrictive barrier

 9. Steps 4 to 8 are repeated three to fi ve times
10. Success of the technique is determined by retesting hip range 

of motion in fl exion with the knee extended

Example 5—Innominate dysfunction—anterior rotation

Diagnosis

Position: Innominate rotated anteriorly
Restriction: Innominate restricted in posterior rotation

Type of Muscle Energy

Joint mobilization using muscle force

Treatment Position

Patient: Supine
Physician: Seated on the table on the side of dysfunction

Figure 46-19 Treatment for anteriorly rotated innominate.

Figure 46-20 Treatment of proximal fi bula posterior.
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7. After a second or two of relaxation, the physician puts increased 
tension on the rhomboid musculature by drawing the right arm 
further across the front of the body until the new restrictive 
barrier is engaged

8. Steps 4 to 6 are repeated three to fi ve times
9. Success of the technique is determined by repalpating the rhom-

boid musculature and retesting scapular motion

739.8 Costal Somatic Dysfunction

In general, costal somatic dysfunction is divided into two groups: 
ribs held in inhalation (inhalation ribs) and ribs held in exhalation 

Diagnosis

Position: The proximal fi bula is posterior.
Restriction: The proximal fi bula is restricted in anterior glide.

Type of Muscle Energy

Joint mobilization using muscle force

Treatment Position

Patient: Supine with hip fl exed 45 degrees and knee fl exed 90 
degrees

Physician: Standing at the foot of the table facing the patient

Procedure (Fig. 46.20)

1. The physician’s medial hand is placed on the dorsum of the foot 
with his or her thumb on the lateral aspect and the fi ngers on 
the medial aspect

2. The physician’s lateral hand anchors the calcaneus
3. The ankle is inverted to the initial resistance
4. The patient is instructed to “push your foot sideways into my 

thumbs and up into my hand.” This eversion/dorsifl exion of the 
ankle is thought to contract the extensor digitorum longus and 
the tibialis anterior muscles, drawing the fi bula forward

5. This contraction is held for a full 3 to 5 seconds
6. Direct the patient to relax, simultaneously ceasing your 

counterforce
7. Wait 2 seconds for the tissues to relax, and then further invert 

the foot until a new restrictive barrier is met
8. Steps 4 to 7 are repeated three to fi ve times or until no addi-

tional motion can be gained
9. Effectiveness of the technique is determined by retesting motion 

at the proximal tibiofi bular articulation

739.7 Upper Extremity Somatic Dysfunction 
Diagnosis

Hypertonicity of the rhomboid causing medial scapular displacement
Position: Scapula medially displaced
Restriction: Scapula resists lateral displacement

Type of Muscle Energy

Postisometric relaxation

Treatment Position

Patient: Seated on the side of the table
Physician: Standing behind the patient and to the left

Procedure (Fig. 46.21)

1. The physician reaches in front of the patient with the left hand 
and grasps the patient’s right forearm

2. The patient’s right arm is drawn across the front of the body 
from right to left, and downward in a direction paralleling the 
direction of the fi bers of the rhomboid major and minor

3. The physician’s right hand is placed to the left of the spine to 
provide a counterforce to truncal rotation

4. The patient is instructed to “pull your right elbow toward the 
right,” while the physician provides an unyielding counterforce

5. This contraction is maintained for 3 to 5 seconds
6. The patient is instructed to relax

Figure 46-21 Treatment of hypertonic rhomboid, from behind 
and from the front.
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Diagnosis

Position: Exhalation rib; the rib moves fully in exhalation; the rib is 
held in exhalation.

Restriction: Restriction of inhalation; rib stops early in 
inhalation; extent and duration of inhalation motion are 
decreased.

Type of Muscle Energy

Joint mobilization using muscle force and reciprocal inhibition

Treatment Position

Patient: Supine
Physician: Standing at the side of the patient opposite the side 

of the dysfunctional rib

Procedure (Fig. 46.23)

1. The patient’s head is turned about 30 degrees away from the 
side of the dysfunctional rib

2. The patient’s arm on the side of the dysfunction is placed with 
the dorsum of the wrist against the forehead

3. The physician’s caudad hand reaches under the patient and 
grasps the angle of the dysfunctional rib exerting continuous 
traction in a caudad and lateral direction

4. The patient is instructed to “lift your head straight up toward 
the ceiling.” This is done without altering the 30 degree rotation 
of the head

5. This contraction is held for a full 3 to 5 seconds
6. Direct the patient to relax, simultaneously ceasing your coun-

terforce
7. Wait 2 seconds for the tissues to relax, and then exert increas-

ing caudad and lateral traction with your caudad hand beneath 
the rib

8. Steps 4 to 7 are repeated three to fi ve times
9. Success of the technique is determined by retesting motion of 

the dysfunctional rib

739.9 Other Somatic Dysfunction

Redoming the diaphragm

(exhalation ribs). While many rib dysfunctions occur singly, 
occasionally you will see three or more ribs in a group, all having 
the same motion restriction. When a group of ribs is held in inha-
lation, the lowest rib is the key rib to treat. For example, let’s say 
ribs 6, 7, and 8 are held in inhalation. When you treat rib 8, it will 
in turn draw rib 7 down with it and 7 will draw 6 along as well. 
Similarly, when a group of ribs is held in exhalation, the upper most 
rib is the key rib to treat.
Rib dysfunction—ribs 7 to 10 held in inhalation

Diagnosis

Position: Inhalation rib; a rib moves fully in inhalation; a rib is held 
in inhalation.

Restriction: Restriction of exhalation; rib stops early in exhala-
tion; extent and duration of exhalation movement are decreased.

Type of Muscle Energy

Respiratory assistance

Treatment Position

Patient: Supine.
Physician: Standing at the side of the table

Procedure (Fig. 46.22)

1. The patient’s upper body is side-bent to the side of dysfunction 
until tension is taken off the dysfunctional rib

2. The web formed by the physician’s thumb and index fi nger is 
placed in the lateral aspect of the intercostal space above the 
dysfunctional rib on its superior surface

3. The patient is instructed to inhale and exhale deeply
4. On exhalation, the physician exaggerates the bucket handle 

motion of the rib being treated
5. On inhalation, the physician resists motion of the rib
6. Steps 4 and 5 are repeated three to seven times until maximal 

motion of the rib has been achieved
7. Success of the technique is determined by retesting motion of 

the dysfunctional rib

Rib dysfunction—ribs 1 and 2 held in exhalation

Figure 46-22 Treatment for ribs 7 to10, held in inhalation. Figure 46-23 Treatment for ribs 1 and 2, held in exhalation.
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5. As the patient again exhales, further cephalad excursion of the 
diaphragm is encouraged

6. This procedure is repeated for three to fi ve respiratory cycles
7. Success of the technique is determined by retesting excursion 

of the diaphragm

SUMMARY

Although muscle energy techniques may be used as standalone 
techniques for the treatment of somatic dysfunction, they are often 
combined with other techniques. They can be useful in creating 
the soft tissue relaxation necessary to accomplish HVLA Thrust 
techniques. Many muscle energy and HVLA techniques are done 
in the same position, so no repositioning of the patient is required 
when moving from one technique to the other.

Used another way, muscle energy techniques are used to 
lengthen muscles shortened by both hypertonicity and contrac-
ture. Once the hypertonicity has been eliminated using the mus-
cle energy technique, the patient is in perfect position to begin 
applying direct myofascial release techniques to the passive 
connective tissue elements of that same muscle.

Muscle energy techniques are used to balance muscle tone, 
strengthen refl exly weakened musculature, improve symmetry of 
articular motion, and enhance the circulation of body fl uids (blood, 
lymph, and interstitial fl uid).

Although these are some of the more common uses, the ver-
satility of muscle energy techniques allows them to be combined 
with any of the other osteopathic manipulative techniques in total 
patient management.
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Diagnosis

Position: Diaphragm held in Inhalation
Restriction: Diaphragm restricted in Exhalation

Type of Muscle Energy

Respiratory assistance.

Contraindications

Recent ingestion of a large meal
Hiatus hernia, gastroesophageal refl ux disease (relative)
Friability of the liver or spleen (cirrhosis, mononucleosis, leukemia, 
lymphoma)

Treatment Position

Patient: Supine with hips and knees fl exed, feet fl at on the table
Physician: Standing at the side of the table facing the head of 

the table

Procedure (Fig. 46.24)

1. The physician places the thumbs and thenar eminences 2 to 3 
in below the costal margin with thumbs pointing toward the 
Xiphoid process

2. The patient is instructed to “take a deep breath and then breathe 
all the way out”

3. The physician’s thenar eminences follow the diaphragm in its 
exhalation motion, exaggerating it by placing a cephalad pres-
sure on the upper abdominal viscera

4. The patient is again instructed to inhale as the physician main-
tains this pressure on the diaphragm

Figure 46-24 Redoming the diaphragm.
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Myofascial Release Approach
JUDITH A. O’CONNELL47

K E Y  C O N C E P T S

■ This approach emphasizes appreciation and recruitment of the innate and inherent motion of the myofascial 
structures.

■ Patterns of motion and ease are identified across proximal and distal structures, diaphragms, compartments, 
viscera, and organ systems.

■ Techniques of this type are myofascial release (MFR), integrated neuromusculoskeletal release, fascial-ligamentous 
release, and bioelectric fascial activation and release.

■ Respiratory assistance, fulcrums, body position, neuroreflexive activities, oscillation, passive progressive motion, 
and muscular contractions may aid in the progression of MFR.

DESCRIPTION OF TECHNIQUES

MFR is a system of diagnosis and treatment fi rst described by 
Andrew Taylor Still and his early students, which engages con-
tinual palpatory feedback to achieve release of myofascial tissues 
(1). It can be applied as a direct or indirect technique. In a direct 
technique, a restrictive barrier is identifi ed in the myofascial tis-
sues and is engaged with a loaded, constant, directional force 
until the tissue releases and motion is restored. In an indirect 
technique, the tissues position of ease is identifi ed and is engaged 
with directed pressure guiding the tissues along this line of least 
resistance until free movement of all tissues is achieved. A com-
bined procedure (2), whereby the practitioner’s hands engage both 
a barrier and point of ease simultaneously, allows the MFR to 
occur through the application of both direct and indirect methods 
interactively.

CASE STUDY

JM is a 49-year-old Caucasian male who has been suffering 
with right sciatica for 3 months after beginning a cardiac fit-
ness program. He describes the pain as an ache from his right 
buttock to posterior thigh, but not below the knee. He notices 
it with walking and standing and it decreases with rest or sit-
ting. He denies any numbness or tingling in his legs, or any 
weakness with activities. He has noticed that he is wearing out 
the sole on his left shoe and has had to replace them more 
frequently. He denies any recent trauma. Ibuprofen helps the 
pain temporarily.

The rest of his review of systems is noncontributory. Past 
medical history is negative for neuromusculoskeletal issues other 
than the present chief complaint and is positive for elevated blood 
pressure. Family history is positive for hypertension both maternal 
and paternal. Medications are occasional ibuprofen for sciatica.

Physical Exam
BP: 130/72; Pulse: 70 regular; Resp: 12 and regular and in 
moderate distress.

Gait:
Antalgic with limp right and pain in right sacroiliac (SI) joint 
with full weight bearing on right leg and reproduction of sci-
atica right

Postural exam:
Posterior view: right iliac crest low, right PSIS low with lateral 
curve changes convex right lumbar and left thoracic with down-
ward tilt of right shoulder. Greater trochanter is low right with 
externally rotated right hip. Pain in right SI joint with change 
in position seated to standing.

Palpatory exam:
Pain on palpation of the right piriformis with reproduction 
of chief complaint of sciatica. Tenderness and tightness of 
left quadratus lumborum and right thoracolumbar fascia with 
torsion to the left of the torso on the pelvis and contralateral 
pattern through the rectus abdominus fascia.

Inhibited right hamstrings with tight right quadriceps 
femoris and right piriformis.

Neurologic exam:
No signs of peripheral or central compromise and is otherwise 
normal.

Vascular exam:
Normal

Diagnosis:
■ Postural imbalance with short right leg
■ Sciatica
■ Somatic dysfunction of thoracic, lumbar, sacrum, pelvis, and 

lower extremity

Treatment:
■ Myofascial release (MFR) to the thoracic, lumbar, sacrum, 

pelvis, and lower extremity
■ Postural x-rays
■ Consider heel lift after review of x-rays
■ Home exercise program
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HISTORY

As this philosophy (osteopathy) has chosen the fascia as a foundation 
of which to stand, we hope the reader will chain his patience for a 
few minutes on the subject of the fascia, and it’s relation to vitality. It 
stands before the philosopher as one of, if not the deepest living problem 
ever brought before the mind of man (11).

Dr. Still spent a great deal of time writing and pondering on the 
importance of fascia in health and disease as he developed the sci-
ence of osteopathy. Dr. Still did not write detailed instructions on 
how to perform a treatment; instead in Research and Practice, he 
provided a rationale for applying osteopathic principles and inte-
grating osteopathic manipulative treatments into the medical man-
agement of diseases. Even though Dr. Still did not leave a technique 
manual and we only have a short video of him performing a treat-
ment, his emphasis on the fascia affected the development of early 
osteopathic methods, which are the foundation for this class of 
technique today. He directed his students and colleagues to hunt in 
the fascia as “The ground in which all causes of death do the destruction 
of Life” (12), and many did.

Pioneers in early osteopathic thought and education (13,14) 
continued to develop methods of diagnosing and treating the fascia 
by applying the principles of osteopathy: the body is a unit with the 
innate ability to heal where structure and function are reciprocally 
interrelated. Such osteopathic luminaries as Sutherland, Kaufman, 
Snyder, Cathie, Cole, Smoot, Zink, Becker (Alan and Rollin), and 
Fulford all expanded our understanding of fascia and laid the foun-
dation for a renaissance of technique development beyond a joint 
centric model of manipulation.

In the 1980s, Peckham, Chila, and Ward began to discuss 
how to describe in a more signifi cant way what was developing 
as MFR (15). Two models emerged from these discussions, the 
biomechanical model of Ward and the big bandage of fascial continuum 
model of Chila. The biomechanical model emphasizes the muscu-
lar–fascial relationship and developed the techniques known as 
MFR and integrated INR that emphasizes mechanics, anatomic 
relationships, tight and loose relationships, tethering and interde-
pendent neural infl uences as the base for diagnosis and treatment. 
The fascial continuum model of the big bandage emphasizes the fascia 
and developed into fascial release and fascial-ligamentous release 
techniques that use the integrity of the fascial continuum to treat 
proximal to distal, a fulcrum with leverage, torsion and traction, 
respiratory assistance, and refl exive neurologic reset. Both Ward 
and Chila began teaching their respective models infl uencing the 
next generation of osteopathic techniques.

Within this resurgence of interest in the myofascia, Suther-
land’s teachings on the treatment of the membranes and ligaments 
and Fulford’s percussion vibrator techniques were being taught and 
incorporated into osteopathic education. Harakal and Becker taught 
the importance of enlisting the aid of the physician within a patient 
in all osteopathic treatments (16). Fulford challenged the osteo-
pathic physician to treat a patient’s life force with proper intention 
and attention to achieve positive results (17). An increased interest 
in innate motions of connective tissues, vibratory changes across 
tissues, the bioenergy discussions of Sutherland, Becker and Ful-
ford, and the fl uid properties of palpation and treatment emerged. 
A renaissance of osteopathic thought and technique was fueled by 
this focus shift from joint-based models to the evolving connective 
tissue models.

In the 1990s, infl uenced by osteopathic teachings of Still, 
Kappler, Larson, Chila, Ward, Harakal, Alan and Rollin Becker, 
Sutherland and Fulford, O’Connell explored bioenergetic research 

Activating forces used in MFR techniques are as follows 
(3–5):

1. Inherent (intrinsic) force: using the body’s natural tendency to 
seek homeostasis, inherent force is the rhythmic activity in all 
tissues that works to improve the hydrodynamics and bioener-
getic factors around restricted tissues and articulations

2. Respiratory force (cooperation/assist) may be used in four ways:
 (a)  While using a direct or indirect position, full cycle respira-

tory effort is used as a fascial and/or articulatory activating 
force

 (b)  Once positioned, a particular phase of respiration enhances 
the position of the area being treated

 (c)  Breath holding for the maximum time that a patient can tol-
erate causes air hunger and triggers a generalized relaxation 
of soft tissues

 (d)  Coughing or sniffi ng on command produces a respiratory 
impulse to assist in the release of restrictions

3. Patient cooperation: the patient is requested to move in specifi c 
directions in various planes of an articulation to aid in mobiliz-
ing an area of restriction

4. Physician-guided force: after engaging a barrier or point of ease, 
the physician sequentially guides the tissue or joint through var-
ious positions following a shifting pattern of easy motion until 
the path of dysfunction is retraced and released

5. Springing/vibration: placing the hands or percussion hammer 
on a dysfunction and applying variable degrees of pressure and/
or frequency of force causing springing or vibration in the struc-
ture activating releases of the tissues

TYPES OF MFR

Fascia is ubiquitous connective tissue, enrobing the body in a big 
bandage (6) contributing to form and function that is accessed by 
manipulative techniques to alleviate somatic dysfunction. Muscular 
relationships to the fascia contribute to the shifting tightness and 
looseness identifi ed through range of motion changes and palpation 
as direct and indirect barriers. Appreciation and recruitment of the 
innate and inherent motion of the myofascial structures allow for the 
identifi cation and treatment of patterns of motion and ease across 
proximal and distal structures, diaphragms, compartments, vis-
cera, and organ systems. The bioresponsive electrical potentials of the 
fascia (7) produce palpable changes in fascial motion and ease 
related to the status of the internal environment of homeostasis 
and the biomechanical response to the external environment aiding 
in the diagnosis and treatment of visceral as well as musculoskel-
etal disorders and diseases. Respiratory assistance, fulcrums, body 
position, neurorefl exive activities, oscillation, passive progressive 
motion, and muscular contractions may aid in the progression of 
MFR (8–10). Techniques of this type are MFR, integrated neu-
romusculoskeletal release (INR), fascial-ligamentous release, and bio-
electric fascial activation and release. Related techniques (facilitated 
positional release, functional release, counterstrain, balanced liga-
mentous tension, progressive inhibition of neuromuscular struc-
tures, soft tissue, articulatory, Still method, osteopathy in the cranial 
fi eld and visceral) are discussed in other chapters in this text. Other 
related techniques in present use are facilitated oscillatory release, 
Fulford percussion vibrator, and balanced membranous tension.

Soft tissue techniques are related techniques that are not in the 
family of MFR techniques discussed in this chapter. They treat the 
soft tissues of the body with inhibitory pressure, stretching and 
kneading, petrissage and skin rolling, deep friction, tapotement, 
and effl eurage.
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collagen, elastin, mucin, reticulin, chondroitin sulfate, keratin 
sulfate, heparin, chondroitin acid, and hyaluronic acid (19). Col-
lagen is a major component of connective tissue proper and more 
specifi cally white fi brous tissue. Fascia, the largest component of 
white fi brous tissue, contains linear sheets of collagen found in 
superfi cial, deep, and subserous layers (Fig. 47.1).

A special property of connective tissue cells is embryologic plas-
ticity (20). This property allows differentiated connective tissue 
cells, when properly stimulated, to dedifferentiate to a polypoten-
tial root cell and redifferentiate into another type of connective tis-
sue cell. Histologically, some traumatized tendon or muscle tissues 
demonstrate islands of cartilage or bone exemplifying this process. 
Experiments by Becker et al. (21) document that disruption in the 
collagen of the periosteum creates a bioelectric current that affects 
the charge of the cell membrane of fi broblasts, which triggers their 
embryologic plasticity as part of the healing process in fractures. 
This cell membrane charge signals changes in the DNA and RNA 
resulting in cell dedifferentiation into a primitive polypotential 
root cell. These cells then redifferentiate into the cells needed dur-
ing the healing process. These expressions of the connective tis-
sues embryologic plasticity illustrate that in the face of traumatic 
biomechanical stress, connective tissue responds by changing its 
cell type to meet the demand on the tissue mediated by bioelectric 
changes at the tissue, cell, and nuclear levels.

as it applies to diagnosing and treating in the fascia. What emerged 
was the bioenergetic model that emphasizes the bioresponsive elec-
tric potentials of the fascia, primary and compensatory patterns of 
dysfunction, the fascial continuity of diaphragms with longitudi-
nal cables and tubes, the fascial interface of internal (ECF) and 
external (biomechanical) environmental factors on homeostasis, 
a treatment process of intention, attention, and activation of the 
bioenergetic fascia with holographic palpation, diagnosis and treat-
ment. This approach allows the totality of the human being to be 
accessed through a single hand placement, or portal of entry (18). 
These models are summarized in Table 47.1.

MECHANISM OF ACTION

Embryologic development of the mesodermal germ layer gives rise 
to connective tissues and muscles. The largest mesodermal derivative 
is connective tissue encompassing blood, cartilage, bone, and con-
nective tissue proper. Histologically, these tissues are distinguished 
by the proportions of fi ber, cells, and extracellular matrix into six 
types: areolar, white fi brous, yellow elastic, mucous, retiform, and 
basement membrane. The principal cell types are fi broblasts, fat 
cells, fi xed macrophages, mast cells, plasma cells, and leukocytes. 
The extracellular matrix contains collagenous, elastic and reticu-
lar fi bers, mucopolysaccharides, proteoglycans, and molecules of 

T A B L E  4 7 . 1

Models of MFR Techniques

Models of MFR Techniques Tissue Focus Emphasizes

Biomechanical model MFR, integrated INR Muscular–fascial 
relationships

Mechanics, anatomic relationships, 
tight/loose concepts, tethering and 
interdependent neural relationships

Fascial continuum 
of the big bandage 
model

Fascial-ligamentous 
release, fascial release

Fascia Fascial continuum, treat proximal to 
distal, fulcrum with leverage, torsion 
and traction, respiratory assistance 
and reflexive neurologic reset

Bioenergetic model Bioelectric fascial 
activation and release, 
fascial release, MFR

Fascia, holographic 
interface in homeostasis

Bioresponsive electrical potentials, 
diaphragms, longitudinal cables 
and tubes, fascial interface 
in homeostasis, holographic 
diagnosing and treating

Figure 47-1 Mobility of collagen is demonstrated in its structure.

Fasicle

Fiber
Fibril Tropocollagen
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the associated connective tissue to be stretched or deformed by an 
outside force, and if the force does not exceed the tensile strength 
of the connective tissue, the muscle will not be injured. Elasticity is 
the ability of the connective tissue to return to its original resting 
shape when forces are removed (26).

Other force effects in connective tissue of importance are plas-
tic deformation, elastic deformation, viscosity, stress, strain, and creep 
(Table 47.3). In plastic deformation, a stressed, formed, or molded 
tissue preserves its new shape; and in elastic deformation, a stressed, 
formed, or molded tissue recovers its original shape. Viscosity is the 
capability of a solid to continually yield under stress with a mea-
surable rate of deformation. Stress is the effect of a force normal-
ized over an area. Strain is a change in shape as a result of stress. 
Creep is the continued deformation of a viscoelastic material under 
constant load over time (Fig. 47.4). Hysteresis, or stress-strain, is 
defi ned as a connective tissue response to loading and unloading 
in which the restoration of the fi nal length of the tissue occurs 
at a rate and to an extent less than during deformation (loading) 
representing energy loss in the connective tissue (Fig. 47.5) (27). 
Generally speaking, the body’s connective tissues are under some 
degree of load and extension (expansion). The increase and sub-
sequent reversal of extension produces a degree of tissue response 
less than the relatively unloaded state. This phenomenon is referred 
to as hysteresis. It implies the occurrence of some fl ow and dissi-
pation of energy throughout the loaded tissue. Hysteresis occurs 
less with successive cycles of extension, indicating stabilization of 
response (28).

It is now clear that the physical properties of fascia and muscles 
explain how physical laws of adaptability apply to MFR techniques. 
Hooke law (29) states that stress applied to stretch or compress a 
body is proportional to the strain, or change in length thus pro-
duced, so long as the limit of elasticity of the body is not exceeded. 
Palpatory diagnosing and treating is the systematic application of 
directed mechanical pressures and motions while monitoring the 
tissue response. Perceived alterations in motions, symmetry, tis-
sue texture, and tenderness defi ne somatic dysfunction (30). The 
response in intact fascia to mechanical stress is predictable, detect-
able, and when dysfunctional, it is treatable with MFR techniques. 
These physical properties coupled with Hooke law are the founda-
tion for the characteristic palpatory fi ndings of barriers and ease, 
tight and loose, and strain patterns.

Wolff law of bone transformation (31) states: every change in 
the function of a bone is followed by certain defi nite changes in 
internal architecture and external conformation in accordance with 
mathematical laws. Function dictates structure. Every change in 
the form and the function of a bone is followed by certain changes 
in its internal architecture and secondary alterations in its exter-
nal conformation. Structure dictates function. Multiple studies 
examined the application of this law. In the 1950s, Yasuda and 
Fukada and Bassett and Becker demonstrated that bone is piezo-
electric. Piezoelectricity is a current produced by a substance that 
transforms mechanical stress to electrical energy. Piezoelectric 
substances act as transducers and are able to discharge electrical 
current when physically stressed, and when placed in an electric 
current, they vibrate at a frequency dependent upon their crystal 
lattice structure. Further studies identifi ed collagen as the piezo-
electric substance in bone (32). Fascia is a collagen-rich connective 
tissue. The piezoelectric properties of collagen are outlined in 
Table 47.4.

Piezoelectricity is important in the maintenance of bone as 
well as responses to stress. Studies investigating Wolff law noted 
that a bioelectric gradient is formed in bone in response to stress. 
The electronegative charge in the compressed bone stimulates 

The extracellular matrix of connective tissue contributes to 
homeostasis through diffusion, absorption, secretion, diffusion 
gradients, modifi cation of absorbed substances, metabolism and 
catabolism, and the excretion of metabolic end products and 
waste (22). All cells contribute to this extracellular fl uid (ECF) 
interfacing with nerve endings, hormones, vascular and lymphatic 
structures. This organization allows for coordination of the internal 
(metabolic, cellular, and organ systems) components of homeosta-
sis within the structure of connective tissues.

The muscles are divided into smooth, cardiac, and skeletal 
types. They are related embryologically to connective tissue, the 
vascular system, cranial nerves (CN), and the autonomic and 
peripheral nervous systems through migratory segmental differen-
tiation (Fig. 47.2). Skeletal muscle fi bers develop from the meso-
dermal myotomes and regional mesenchyme and migrate in a sea 
of connective tissue in response to lines of stress in the develop-
ing embryo. Skeletal muscle myofi brils extend along these lines of 
stress in a linear fashion and become bundled as fascicles by the 
perimysium. Between the fascicles, the endomysium contains the 
nerves, blood and lymph vessels, and acts as lubricant and cushion. 
Fascicles are bundled by the epimysium and the tendons develop 
connecting the muscles to the developing skeleton. This creates a 
compact integration of multiple systems residing within a connec-
tive tissue container (Fig. 47.3).

Earlier authors like Cathie (23) and Becker (24) suggested that 
fasciae move independently. A 1987 soft tissue dissection done 
by Frank George, D.O., in the anatomy laboratories of Michigan 
State University demonstrates that fascia and muscle are anatomi-
cally inseparable and suggests that complex muscle activities act 
on bones, ligaments, tendons, associated with joints as well as the 
fasciae.

Fascia is associated with all organs, tissues, cells, and structures. 
The superfi cial and deep layers are found everywhere in the body 
as complete ensheathments. The subserous layer lies innermost on 
the deep layer anywhere there is a body cavity. The deep layer of 
fascia is the most complicated of the three, being two layered with 
intervening septa.

Clinically, it is possible to conceptualize such wrapping as being 
a big bandage of the body. Such an analogy is implied in osteopathic 
literature. One can fi nd reference to the idea that the body retains 
form even if everything except the connective tissue framework is 
removed. If this is so, then it is also reasonable that form permits 
the consideration of motion. The continuity of this arrangement 
and considerations of structural–functional interrelationships make 
it possible to discuss biomechanical attributes of fascia in relation 
to manipulative treatment. Fascia supports and stabilizes, help-
ing to maintain balance. It assists in the production and control of 
motion and the interrelation of motion of related parts in concert 
with muscles. Many of the body’s fascial specializations have pos-
tural functions in which stress bands can be demonstrated. Finally, 
the dura mater is a special connective tissue surrounding the central 
nervous system. Bony anchors for this tissue exist in the skull and 
at the sacrum. Stiles began teaching an application of Buckminster 
Fullers tensegrity systems to human anatomy, which has further 
contributed to the growing understanding of the connective tissue 
continuum.

Collagen, fi brin, and reticulin of connective tissue act as the 
body’s reactor to motion and stress and coupled with the skeletal 
muscle interact to produce irritability, contractility, relaxation, dis-
tensibility, and elasticity (Table 47.2) (25). Irritability is the ability 
of the muscle fi ber to react to stimulation. Contractility is the ability 
to actively create tension between its origin and insertion, and the 
opposing passive state is relaxation. Distensibility is the ability of 
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Figure 47-2 A–C. The transformation of paraxial mesoderm into its derivatives.
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osteoblasts, and the electropositive bone stimulates osteoclasts 
directing the remodeling of the bone. This was further clarifi ed 
when Becker and Bachman (33) discovered that when mechani-
cally stressed, collagen in bone produces a biphasic signal, negative 

with stress (load), and positive with release (unload). This 
stress-release signal is rectifi ed to a direct current at the junction 
between the apatite and collagen in the bone. The strength of this 
signal indicates the amount of stress and the polarity changes identify the 
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Figure 47-3 A, B: Muscle fi ber structure.

T A B L E  4 7 . 2

Physical Properties of Muscle

Properties Description

Irritability Ability of the muscle fiber to react to stimulation
Contractility Ability to actively create tension between its origin and insertion
Relaxation Ability to reduce tension between its origin and insertion
Distensibility Ability of the associated connective tissue to be stretched or deformed by an outside force, and 

if the force does not exceed the tensile strength of the connective tissue, the muscle will not be 
injured.

Elasticity Ability of the connective tissue to return to its original resting shape when forces are removed
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fi brin and collagen. If neurologic integrity is compromised or the 
tissue is immobilized, dense connective tissue is formed. Edema 
and disruptions in circulation and lymphatic drainage also cause 
fi brin and collagen to be deposited in a thick and haphazard scar. 
These thickened areas impede normal function of the linear sheets 
of fascia causing stiffness, changes in range of motion, pain, and 
further edema (35). Chronic alterations in fascial integrity impede 
the normal function of the ECF with consequences to the health 
of the whole organism. In Dr. Still’s words: “I know no part of the 
body that equals the fascia as a hunting ground … By its actions we 
live and by its failure we die” (36).

Other research highlights the importance of fascia in main-
taining general proprioception. Since proprioception is ultimately 
controlled by interdependent neural and muscular elements, after 
joint and muscle spindle activity is accounted for, 75% of remain-
ing proprioception occurs in fascial sheaths (37). Such responses 
were actually demonstrated in the 1960s by Earl (38) and Wilson 
(39) in their work with muscles under stretch.

Patients challenged with chronic pain may seek a position 
where the pain lessens or is relieved. This infers that positional 
relief of pain allows a decrease in some critical level of facilitation 
in the nervous system. Fascial release techniques are designed to 
reduce afferent input to the cord directly or through central brain 
infl uences. Muscle proprioceptors and the gamma motor system are 
affected with reduction of excitation of the muscle spindle, and the 
resumption of normal length and motion (40). Further rationales 
for the mechanism of releases of dysfunction with OMT are found 
in the works of Korr (41), Becker (42), and Patterson (43).

Collagen is the source of stress-related electrical potentials 
through its piezoelectric nature as a transducer. Collagen commu-
nicates the presence, location, direction, and strength of mechani-
cal stress by producing a biphasic electric current. This bioelectric 
current affects the charge-sensitive cells that move and change in 
response. Studies demonstrate how collagen is the ultimate com-
municator between biomechanical events, bioelectric changes, cel-
lular function, and the ECF. MFR techniques harness the power of 
collagen through diagnosing and treating in the fascia, the largest 
collagen pool in the body.

FASCIA AND HOMEOSTASIS

Homeostasis is both a state of equilibrium and the process by 
which this balance is maintained. It is a dynamic, ever-adapting, 

direction of the stress. This signal triggers osteocyte activity, allowing 
the bone to remodel to adapt to the mechanical stress.

The electronegative signal also caused the linear alignment of 
collagen perpendicular to the lines of compressive mechanical stress 
(Figs. 47.6 and 47.7). This alignment of the collagen becomes the 
base for ossifi cation. Also, stress-induced piezoelectric potentials 
are short in duration while the healing current of bone growth is 
sustained in duration. This healing current stimulates electrically 
sensitive connective tissue cells that are embryologically plastic and 
allow the bone to respond to growth or stress appropriately.

The cells of connective tissue are mobile, allowing migration 
of cells to meet the needs of the organism. This ameboid motion is 
exemplifi ed by the fi broblasts, macrophages, and white blood cells 
and is triggered by positive or negative chemotaxis or in response 
to a bioelectric potential gradient directing the cells into and out 
of the area of need. This movement allows tissues to respond to 
changes in their environment, both internal and external, by releas-
ing chemotactic factors, creating a gradient and activating the 
movement of connective tissue cells facilitating the clearing of 
debris and the repair of injured tissues.

Disruption and distortion of the fascia triggers a repair pro-
cess directed at correction of damage and strengthening of tissue 
mediated by the release of chemotaxic factors activating the con-
gregation and proliferation of fi broblasts. The fi broblasts coat the 
injured area and collagen is then deposited in a linear fashion along 
lines of mechanical tension in the tissue (34). Mechanical tension 
creates bioelectric current changes that guide the orientation of the 

T A B L E  4 7 . 3

Force Effects in Connective Tissue

Force Effects Description

Plastic deformation A stressed, formed, or molded tissue preserves its new shape
Elastic deformation A stressed, formed, or molded tissue recovers its original shape
Viscosity Capability of a solid to continually yield under stress with a measurable rate of deformation
Stress The effect of a force normalized over an area
Strain A change in shape as a result of stress
Creep The continued deformation of a viscoelastic material under constant load over time
Hysteresis or 
stress-strain

A connective tissue response to loading and unloading where the restoration of the final 
length of the tissue occurs at a rate and to an extent less than during deformation (loading) 
representing energy loss in the connective tissue

Figure 47-4 Deformation under load.
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changes. These changes communicate the biomechanical events 
through electrical changes in the ECF to cellular, neural, vascular, 
and lymphatic components. These stress-generated potentials are 
predictable and precise whether traumatic or intentional.

Palpation introduces compressive and distraction forces into 
fascial tissue, which responds in predictable patterns of motion 
produced by adaptations to the mechanical stress. Alterations in 

and changing series of events responding to internal and external 
environmental changes (Table 47.5). The challenge of homeostasis is 
to recognize all events, external and internal, communicate needs for 
adaptation throughout the organism, and direct responses both internal 
and external. Nothing is isolated (44).

As previously discussed, fascia responds to biomechanical stress, 
through its collagen fi bers, by producing microelectrical potential 

T A B L E  4 7 . 4

Piezoelectric Properties of Collagen

Properties Description

Transducer Able to discharge electrical current when physically stressed and when placed in an 
electric current, vibrate at a frequency dependent upon its crystal lattice structure

Biphasic signal Negative with stress (load) and positive with release (unload)
Stress related signal Strength of this signal indicates the amount of stress and the polarity changes identify 

the direction of the stress
Stimulates osteocytes Electronegative charge in the compressed bone stimulates osteoblasts, and the 

electropositive bone stimulates osteoclasts directing the remodeling of the bone
Stimulates and directs the 
migration of electrically 
sensitive cells

By releasing chemotactic factors, creating a gradient and activating the movement of 
necessary connective tissue cells facilitating the clearing of debris and the repair of 
injured tissues

Activates cells Stimulates electrically sensitive connective tissue cells which are embryologically plastic
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Figure 47-5 The stress-strain response.
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sight, hearing, and touch is essential to balance, posture, and gait. 
Evaluating the patient in multiple positions (standing, seated, prone, 
supine) and activities (walking, standing, squatting, changing posi-
tions, bending, work positions) adds another dimension to fascial 
diagnosis and treatment. Dysfunctions in these areas are important 
contributors to chronic recurring somatic and visceral dysfunctions. 
Identifi cation of such patterns and their neuromyofascial compo-
nents allows the clinician the opportunity to affect and extinguish 
self-perpetuating cycles. Once this is accomplished, repatterning the 
neuromyofascia into a more physiologic response is appropriate.

McEwen at the Rockefeller Institute has postulated that the 
shift from homeostasis to the disease state is related to the systems 
response to stress, whether traumatic, psychological, emotional, 
physiologic, or environmental. The body under stress of any source 
enters a state of allostasis, where epinephrine and cortisol are 
released. If this state becomes long term, an allostatic load ensues 
with physiologic consequences such as elevated blood pressure 
and heart rate with increase risk of cardiovascular disease. Corti-
sol levels can suppress the immune system, affect organ function, 
alter metabolism, and contribute to depression. The allostatic load 
may become somaticized and be expressed as somatic dysfunction 
with body language signifi cance (46), which may help in identifying 
the nonsomatic cause of chronic, recurrent dysfunction in light of 
appropriate treatment. Examples of this are when the body seems 
to act out its underlying stress condition. A patient with chronic 
emotional stress may have low back pain; mental and emotional 
feelings of “shouldering” a heavy burden may cause shoulder pain; 
refusing to change behaviors leads to a stiff neck. Understanding 
homeostasis now is expanded to include the interface and interaction 

normal patterns and ranges of motion are diagnostic parameters. 
Abnormal patterns of motion are recognized as restrictions to 
motion and ease of motion. The asymmetric motion and position 
of components of the musculoskeletal system are also readily iden-
tifi ed through palpation. Responses in the ECF and surrounding 
structures to adaptations to stress-generated electrical potentials 
produce acute and chronic tissue textures and areas of stiffness, 
looseness, tenderness, asymmetry, edema, and pain.

In systemic disease alterations in ECF, electrical potentials 
result in changes in the biomechanical integrity of the fascia. Areas 
of acute and chronic congestion, swelling, laxity, stiffness, and pain 
are produced. Palpatory fi ndings are utilized by the skilled physi-
cian to identify the disease produced somatic dysfunction. Inte-
grating an understanding of the patterns of viscerosomatic and 
somatovisceral relationships adds a deeper diagnostic and thera-
peutic dimension to the palpatory exam (45).

Homeostasis involves a complex series of events and inter-
faces between all systems and the internal and external environ-
ment. Neurorefl exive coordination is essential in this endeavor. 
Autonomic, especially sympathetic tone, affects not only pain 
perceptions but also the balance of neurovascular exchange affect-
ing edema and effusions. This in turn affects motion and tissue 
function. Proprioception integrated with the special senses of 

T A B L E  4 7 . 5

Components of Homeostasis

Components Description

Internal environment 
is the ECF

Complex activities 
coordinating hormones, nerve 
impulses, gases, nutrients, 
ions, and electrical potentials 
by diffusion, gradients, 
absorption, secretion, 
modification of substances, 
excretion, metabolism and 
catabolism

External environment 
is the aggregate 
of complex events 
outside of our body 
that affect us

Adaptation to external 
stressors and accommodates 
active manipulation of the 
environment with posture, 
movement, coordination, 
strength, balance, and 
awareness coordinating 
cognitive, neural, muscular, 
skeletal and vascular 
structures.

Confluence of all 
organs and systems

Dynamic, ever-adapting, and 
changing series of events 
responding to internal and 
external environmental 
changes

Figure 47-6 Collagen fi bers in the unloaded state demonstrating 
a multidirectional arrangement.

Figure 47-7 Collagen fi bers in the loaded state demonstrating 
a linear rearrangement.
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Contraindications

Absolute contraindications include absence of somatic dysfunction, 
lack of patient consent, and/or cooperation. Relative contraindica-
tions may be regional or local.

The safe introduction of motion depends upon multiple factors: 
integrity of the tissues (open wounds, fractures, recent surgery), 
the amount of traumatized tissues (thermal injury, contusions, 
crushing), concomitant diseases (deep vein thrombosis, dissemi-
nated or local neoplasms, aortic aneurysm, uncontrolled diabetes), 
or internal injuries (ruptured viscera or vascular structures), surgical 
interventions, infections, cooperation of the patient, and the skill 
of the physician (48).

Complications

A word of caution: overly aggressive interventions are counterpro-
ductive. Care should be taken to ensure that any treatment respects 
the limits of dysfunctional and injured tissues. Exceeding these 
limits creates a traumatic event. Somatic dysfunction resulting from 
iatrogenic trauma layered on already dysfunctional or traumatized 
tissue is the most diffi cult dysfunction to treat (49).

Patients commonly experience a temporary worsening of 
discomfort following the fi rst treatment or two. This possibility 
should be communicated to the patient. The phenomenon is simi-
lar to postexercise muscle soreness. Older age groups and general 
deconditioning are common contributors to the problem. Those 
with autoimmune, infl ammatory, and rheumatologic disorders such 
as lupus erythematosus and fi bromyalgia can experience repeated 
fl are-ups.

SPECIAL CONSIDERATIONS IN DIAGNOSTICS

Subtle Palpatory Skills

Dr. Still: For many years, immersed in extensive study of normal 
and abnormal positions of the human anatomy, Still had formed 
in his mind a perpetual image of every articulation in the frame-
work of the human body. Before William Roentgen’s discovery of 
the X-ray machine, visualization, good observation skills, a delicate 
sense of touch—and that perpetual image—were the only tools 
Still had to assist him in detecting the abnormal from the normal. 
He also claimed to see an aura around all of his patients—vibra-
tions emanating from the body—giving him additional clues about 
his patient’s conditions. The Old Doctor, skeptical of the new 
instrument (x-ray machine), stated to some students, “The x-ray 
by tremendously increasing the vibrations enables us to see under 
the surface what our eyes will not discover. Why can’t we train our 
minds to do that?” (50) (Andrew Taylor Still, p. 176).

Ward: Inherent tissue motions are palpably evident, asymmet-
rically patterned, neurorefl exive activities in the soft tissues. They 
constantly move, often at variable rates. Palpation that focuses on 
these motions should readily identify patterns of shifting asym-
metric tightness and looseness. Asymmetrically perceived end-feels 
are commonly referred to as direct and indirect barriers. As a rule, 
inherent movements are easier in some directions, less so in others. 
Myofascially, shifting tightness and looseness identifi es unevenly dis-
tributed direct and indirect barriers. Many are independent of joint 
mechanics. Others are tightly linked to joint mechanisms (51).

During treatments with MFR techniques, there is a link 
between the intrinsic body movements of both the patient and 
the operator at some level. How this occurs is unknown, but it is 
likely that both conscious and subconscious brain-mediated factors 
are at play. In 1989, Grinberg-Zylerbaum and Ramos reported on 

between the physical, emotional, mental, and spiritual bodies. 
Insights into these connections can be found in many sources 
outside the medical literature. One very helpful little book in 
understanding and interpreting connections between thought 
patterns and disease is Heal Yourself by Louise Hay who has been 
working with patients with cancer, AIDS, and other life-altering 
diseases.

Disease occurs when one or more system(s) fail to maintain 
their part in homeostasis. It begins as a clinically undetectable 
change in ECF and progresses until clinically detectable signs and 
symptoms appear making the diagnosis apparent (47). The goal 
of the clinician is to detect the disease and institute appropriate 
treatment as early as possible. This will limit the amount of damage 
to the systems and organs as well as enhancing the bodies healing 
capabilities. Learning to diagnose and treat with MFR techniques 
is a clinical advantage for in the fascia, no disease escapes notice 
and no cure occurs without its assistance.

INDICATIONS, CONTRAINDICATIONS, 
AND COMPLICATIONS

Indications

Diagnosing in the Fascia
The skilled physician is able to identify altered fascial patterns 
from any source, internal or external, as somatic dysfunction. Once 
identifi ed, the pattern, location, and type of somatic dysfunction 
assist in the diagnosis of visceral and somatic disease, which is then 
treated with the appropriate application of MFR technique and/or 
combination of osteopathic techniques with standard medical/sur-
gical care. Monitoring changes, immediate and distant (over time), 
in the form and function of fascial structures indicate the status of 
diseases and their response to all treatment endeavors.

Treating in the Fascia
MFR techniques are used to alleviate the visceral and somatic 
components of somatic dysfunction in the connective tissues of 
the body, with a focus on fascia, muscles, and related structures 
(neurorefl exive, circulatory, lymphatic, respiratory, bioenergetic, 
systemic, holographic, and homeostatic). In systemic disease, MFR 
techniques address structural imbalances and somatic dysfunction 
indicative of and pursuant to changes in homeostasis and aid in the 
normalization of function in all systems. MFR techniques address 
somatic dysfunction by normalizing motion, relieving edema, rees-
tablishing symmetry, relieving pain, aiding circulatory and lym-
phatic function, normalizing neurorefl exive activity, supporting 
visceral function, restoring bioenergetic balance, and supporting 
homeostatic function.

The key to clinical success is the systematic development and 
application of the MAN acronym—Mechanics, Anatomic relation-
ships, and interdependent Neural infl uences with tethering, tight-
loose relationships, three-dimensional patterns (Ward), harnessing 
a fulcrum, balanced points of tension, expanding releases of dys-
function over time within the connective tissue continuum (Chila), 
utilizing the holographic fascial structure of tubes, diaphragms, 
and longitudinal cables, identifying primary somatic and visceral 
dysfunctions with their related patterns, and activating releases 
in the bioenergetic fascial continuum supporting homeostasis. 
(O’Connell) Treatment is enhanced when the clinician addresses 
the patient with proper intention (humility and respect of the 
patients process), attention (mindfulness of the individuals needs), 
and with appropriate application of technique, activation of releases 
(supporting the healing process) (Chila, Ward, and O’Connell).
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demand of the clinician an attitude of humility, respect, suspended 
expectations, and compassion (55). It is within the patient that the 
capacity to heal resides.

Dr. Still: “Don’t believe for one second that this was the limit of his 
vision. According to many who studied with him and others who have 
spent years studying his works it was his hope that the experience of 
living, dynamic anatomy would awaken dormant centers of perception 
in the student. Gradually, over a period of years of focused attention, 
conscious intention of purpose and deep non-judgmental concentra-
tion on the experience of life as manifested in the patient, the physician 
would evolve to a higher level of interaction with the dynamic mecha-
nism of the patient. He would evolve into an osteopath.” (Osteopathy 
Research and Practice, p. xix)

THE TECHNIQUES

Fascial Ligamentous Release-Chila

Fascial ligamentous release is a dynamic and expansile form of MFR 
emphasizing the cybernetic loop between the physician and patient. 
Selective, controlled reciprocal variation of force and appropriate 
leverage coupled with inherent neuroregulatory mechanics impact 
the resolution of dysfunction within the capacity of the patient. 
Key elements of this dynamic process are as follows:

■ Application of force is variable
■ Utilization of time is variable
■ Visualization and synthesis are mandatory
■ Conceptualization is paramount
■ Tolerance and response are individual
■ Inherent capacity is the standard for health or disease
■ Dynamic interchange where the patient allows the physician to 

enter bodily territorial space
■ Physician is a facilitator and observer
■ Implication is that the patient’s life story is available through 

examination and evaluation of body tissues
■ Energy fl ows from thought (56)

In conjunction with these elements, the patient provides breath 
assistance and/or muscular assistance in the corrective proce-
dure. The establishment of a fulcrum is sought within the physi-
cian’s body to match or balance the fulcrum within the patient’s 
body; this facilitates a continuum of refl ex release from within the 
patient’s body. Once local and regional dysfunctions have been 
addressed by the establishment of an appropriate fulcrum, expand-
ing leverage is achieved through torsion and traction applied to the 
extremities. It is the ongoing analysis of dysfunction within this 
connective tissue continuum that makes possible the integration 
of multiple manipulative approaches through variable applications 
of force.

The establishment of an appropriate fulcrum facilitates diag-
nostic touch. The placing of the hands and fi ngers on the tissues 
under examination is done with the idea that the fi ngers can 
mold themselves to the patient’s body. The initiation of the pat-
tern within the area of complaint is realized by a slight compres-
sion at the fulcrum points. The application of the principle of the 
fulcrum varies with the complaints of the patient. The use of this 
method is not a time-consuming process. Harnessing internal patient 
mechanisms are used, and it is necessary only to contact them to 
sense them speaking for themselves. The point(s) of contact is(are) 
listening posts. Let the tissues tell the story; be quiet and listen. 
Biokinetic (dysfunctional) energies or forces are always at work in 
all physiologic and pathologic processes. With the appropriate use 

their studies of nontouching, silent communication between two 
or more individuals. Electroencephalography (EEG) was used as 
a means for studying silent communication patterns between two 
individuals. Partners who reported feelings of being blended with 
one another altered their EEG patterns to the point of being virtu-
ally identical. Similar blending effects are reported during MFR 
encounters. Whether these experiences are in any way similar to 
the Grinberg-Zylerbaum and Ramos work has not been investi-
gated. Skilled palpation in the fascia enables the clinician to “see” 
anatomic and mechanical detail, much like a blind person senses 
the environment. As improvements appear, appreciation for seem-
ingly obscure, but important, subtleties emerge (52).

Chila: MFR techniques require refi nement of palpatory skills 
to appreciate subtleties of stress patterns and motion characteris-
tics. Technique application allows the patient to manifest their own 
potency rather than using blind external force and overpower its 
assistance. The clinician uses palpation to listen to the effects of 
the biokinetic energies and forces while allowing the biodynamic 
intrinsic force to manifest (53). The corrective forces engage the 
identifi ed resistance to motion and direct it to a point of simultane-
ous balance and decreased tension, allowing the intrinsic force of 
the tissues to correct the imbalance. The focus is on the quality of 
movement, particularly on initiation of motion. The correct gaug-
ing of force and velocity provides infi nite variation in the delivery 
of technique. Control minimizes force. The effective physician 
should be able to vary the applications of force over time during 
a single manipulative treatment. Appropriate use of a fulcrum and 
leverage can refi ne the physician’s diagnostic touch and treatment 
effectiveness.

Visualization and synthesis of messages received through the 
fi ngers are the basis for clinical behavior. Conceptualization of 
anatomic-physiologic dysfunction peculiar to a given patient is the 
key to maximizing manipulative responses. The sustained effective 
response following treatment is contingent on selective and con-
trolled variation of force from an appropriate fulcrum. When these 
conditions are met, inherent neuroregulatory mechanisms acting 
in accordance with the capacity of the patient will facilitate the 
resolution of dysfunction (54).

O’Connell: Fascia can be viewed as an “Intelligent Tissue” 
functioning as the interface between internal and external events 
and playing a key role in homeostasis. As discussed previously, 
embryologic plasticity gives connective tissue the unique ability to 
respond by cellular adaptation to meet the changing needs of the 
organism (18). Through the use of “thinking fi ngers”  Sutherland), 
intelligent palpation interfaces with the fascia in a clinical dialogue 
giving access to peripheral and central structures, viscera and soma, 
and the biological and bioenergetic bodies. The body, mind, and 
spirit are all available to the skilled clinician as the whole of the 
human condition is recorded and assessable in the holographic fas-
cia. As clinicians improve their palpatory skills, there is an aware-
ness that from any portal of entry into the fascia the whole of the 
patient’s condition, body, mind, and spirit is available for diagnosis 
and treatment. Once this skill level is achieved, the practitioner is 
able to identify the primary dysfunction rapidly from contact at any 
site within the anatomy. Within the holographic fascia, the primary 
dysfunction is not limited to connective tissue structures and may be 
anywhere in the body, mind, and spirit continuum. Focused clinician 
intention to assist in healing and attention to the homeostatic fas-
cial holographic interface allows for the activation of far reaching 
releases and healing dynamics. This level of skill has been described 
by many master osteopaths and healers as a “knowing” sensation 
or viewing an image or movie like projection that fl ashes into a 
stilled mind. The power and potency of techniques at this level 
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From a clinical perspective, whole-body effects are the rule 
rather than an exception. Loosened sites are often vulnerable to 
injury under relatively trivial circumstances. Repeated ankle and 
lumbosacral sprains, as well as neck and shoulder problems arising 
from altered lumbopelvic and lower limb mechanics, are common 
examples. The tight-loose concept can be quickly appreciated by 
the exercise given in Box 47.2.

Tightness of any kind suggests tethering and direct barriers. It also 
implies the presence of direct barriers and “bind.” Some are of bony 
origin, but many are not. Whether these tethers and areas of bind 
should be removed requires careful assessment.

One form of tethering is acute muscle spasm, which is almost 
always self-limited. Another relates to generally tight muscles, 
which are not always sources of pain and altered function. Stress-
ful lifestyles and personality issues are common in this group. True 
spasticity, centrally mediated neural tethering, arises from upper 
motor neuron pathologies. Cerebral palsy, central spinal stenosis, 
strokes, and effects of head injuries are common examples.

of diagnostic touch, the biodynamic (healing) intrinsic force within 
is allowed to manifest itself.

Special consideration of respiration-circulation function is 
essential in diagnosing and treating. Compromised respiratory-cir-
culatory effectiveness is the result of generalized fascial-ligamen-
tous tension throughout the body. For that reason, the character of 
respiration provides information about such tension. Observe four 
factors about respiration:

1. Type of respiration: diaphragmatic, costal, or mixed
2. Abdominal wall motion: visible to the level of the umbilicus; vis-

ible to the level of the symphysis pubes
3. Rate: slow, rapid; documented before and after treatment
4. Duration of cycle: inspiration and expiration equal, inspiration 

shorter in duration than expiration, inspiration longer in dura-
tion than expiration, dilation of the nares during respiration

Generally speaking, the body’s connective tissues are under some 
degree of load and extension (expansion). As previously discussed, 
connective tissues under sustained load will extend (expand) in 
response to the load. In biomechanical terms, this continued exten-
sion is referred to as creep. An imposed constant load will result in 
relaxation, as the extension remains constant. In either situation, 
the tissue displays less subsequent resistance to extension than in 
the original state. Patterns of previous mechanical events affect the 
tissue’s response to load and extension. Physician-applied exten-
sion effects tend to revert to their pre-extension responses, whether 
functional or dysfunctional, if the neurorefl exive processes are not 
altered. This observation is useful in appreciating recurrence of 
dysfunctional complaints and patterns. The timed release of tis-
sues associated with the fascial-ligamentous release model consid-
ers these factors as the sequential and expanding progression of 
releases allows the patient to tolerate central nervous system modu-
lation by the lowering of afferent inputs. Signifi cant reduction or 
elimination of sensitization is proportional to the patient’s capacity 
to appropriately respond. This view is attuned to the idea that cen-
tral nervous system conditioning over time may be the vehicle for 
the retention as well as the reduction of dysfunctional states. The 
physician’s role is that of a facilitator. By appropriate facilitation, 
the physician is able to observe the capacity for change while the 
patient is enabled to expand the power of the change. The standard 
for the successful outcome of this interchange is the motivation of 
the patient.

Integrated INR-Ward

The ability to identify tethering effects that persistently create and 
maintain pathologic asymmetries is essential. Tightness suggests 
tethering, while looseness suggests joint and/or soft tissue laxity with or 
without neural inhibition. Sometimes, tethering relates directly to 
changes in coupled vertebral motions and altered joint play causing 
the motion segment to be altered. Knowing the difference between 
neutral and nonneutral vertebral mechanics is essential. Both local 
soft tissue, neurorefl exive and neurocirculatory changes, such as 
viscerosomatic refl ex changes, are common contributors to tether-
ing. Tethering arises from many sources, as shown in Box 47.1.

Painful sensations are common at loose sites, particularly in 
chronic cases. Typically, there is little muscle spasm or tightening. 
Under these conditions, associated muscles are commonly weak 
and inhibited. Some practitioners refer to these sites as hypermo-
bile, implying that ligamentous laxity and joint instability are the 
fundamental problems. An alternative idea concludes that loose, 
painful muscles are weak and inhibited over large, often ill-defi ned 
areas, including vertebral mechanics.

Common Causes of Tethering
The spine, with altered coupled vertebral motions from any 
source

Altered soft tissue mechanics (remembering that all tissues 
and their inherent motions are intrinsically asymmetric)

The synovial joints and their influences on joint play
Asymmetric neural inputs arising from:
Multiple levels of the central nervous system, including 

CN, brainstem, midbrain, thalamus, and cortex; limbic system 
and reticular activating system; primary spinal cord; peripheral 
nervous system at any level

Viscerosomatic reflexes, somato-visceral reflexes, and 
somato-somatic reflexes

Neurohumoral activities of all kinds
Lowered reflex thresholds from sites of disease, injury, and 

degeneration
Biobehavioral and sociocultural factors, environmental 

stressors

Tight-Loose Concept Exercise
A simple laboratory exercise readily demonstrates the tight-
loose concept. With the patient lying supine, the operator 
grasps the patient’s wrists. By slowly raising the upper limb 
toward full overhead extension, one gets a sense of shifting 
three-dimensional tightness or looseness that begins at the 
wrists and eventually involves the whole of the patient’s body. 
By carefully attending to both the quality and the amplitude 
of these passively induced operator forces, clearly defined 
mechanically asymmetric sites of tightness and looseness 
become apparent.

As each limb is moved separately and together, tight-loose 
relationships vary considerably and their end-feels are differ-
ent. Some are abrupt, almost like hitting a wall. Others are 
soft, like either falling into or fluffing a pillow. Importantly, 
these asymmetric shifts rarely follow classic anatomic patterns. 
With practice, variable tensions and loads are readily sensed 
from the hands and wrists distally into the lumbodorsal fascia 
and pelvis.
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Viewing this from the bioenergetic model, the response of the 
fascia is directed and mediated by microelectrical potential changes. 
Internal or external trauma and dysfunction leaves a pattern of bio-
electric potential changes in the fascia that record the direction, 
strength, and location as somatic dysfunction (see mechanisms 
mentioned earlier). The application of the diagnostic and correc-
tive forces also produces bioelectric potentials. This activation of 
bioenergetic tissues opens a diagnostic dialogue within the fascial 
continuum. Clinician-induced patterns interact with the dysfunc-
tional pattern differently than the normal tissue. This discernable 
difference unmasks the dysfunctional pattern as it leads the physi-
cian along its path to the primary dysfunction. With practice, the 
dysfunctional pattern becomes rapidly obvious, the primary dys-
function is evident, and releases begin almost immediately.

The MFR technique of activating a bioenergetic response and 
following, both diagnostically and therapeutically, as the pattern 
releases is bioelectric fascial activation and release. BFAR builds on 
the principles of integrated INR/MFR and fascial-ligamentous 
release within the family of MFR techniques.

The fascia is a holographic system with a physical structure 
of a continuum of tubes, diaphragms, and longitudinal cables that 
contain the record of all events, internal and external, biologic and 
bioenergetic, in any patient. This design is similar to a transporta-
tion system with many connections, lines, and stations allowing the 
rider to enter at any point and travel throughout the whole system. 
Understanding the fascia as a readily accessible portal of entry, the 
clinician has the opportunity to engage in a meaningful and far-
reaching diagnostic dialogue with the patient. As dysfunction from 
any cause occurs, its effects are transported throughout the whole 
organism via this continuum interfacing with homeostatic mecha-
nisms from the bioenergetic to the systemic to the intracellular. 
To optimize this dialogue, the clinician needs to have the appropri-
ate intention to assist the innate healing properties of the patient 
to alleviate or eliminate the effects of disease processes and the 
restoration of the patient’s ability to resume command of the clini-
cal situation (Chila), attention to the type, structure and pattern of 
dysfunction diagnostically and therapeutically (Ward) and to acti-
vate the holographic homeostatic response throughout the patient 
facilitating the release of dysfunction. (O’Connell) The physician is 
a partner in this process and the patient’s mechanisms are in con-
trol. Healing, therefore, is an internal dynamic of the patient and is 
not imposed by the well-meaning endeavors of clinicians.

Tensegrity systems are another way of looking at the responsive-
ness of the fascia. As discussed by Edward Stiles, D.O., a tensegrity 
structure consists of multiple nontouching rods (compression struts) 
and a continuous connecting system (tension system) embedded 
or islanding the compression struts. He references Donald Ingber, 
M.D., Ph.D.’s research suggesting that the bones of the body are 
compression struts and the continuous tension system is the myo-
fascial and ligamentous tissues of the body representing a tensegrity 
structure. These totally integrated systems exhibit balanced tension 
and system wide adaptation when a force is introduced anywhere in 
the structure. This is accomplished by integrated multilevel hierar-
chical systems in which an introduced force can infl uence any part 
of the total system, from the macro to the micro and vice versa. In 
this way, the force can be distributed throughout the system in a 
nonlinear manner. Ingber’s research further demonstrates that dis-
tortions altering cellular shape and function affect cell differentia-
tion and specialization, biochemical activity, and genetic expression 
of the affected cells. Stiles stresses the importance of these concepts 
in the application of OMT in the removal of somatic dysfunction 
and enabling patients to realize their optimal health potential by 
restoring their tensegrity potential (57).

Scar tissue implies the presence of passive mechanical 
tethering that may actually stabilize an otherwise unstable site. Scar 
tissue changes the ability of a tissue to respond and move in nor-
mal planes and produces a new focus of motion patterning. Acute 
localized muscle tension and tethering generally imply peripheral 
neural involvement. A history of direct trauma is common for this 
group.

Looseness generally occurs in association with indirect barriers, neu-
ral inhibition, and painful sites. Since inhibition often accompanies 
neural injury and Wallerian degeneration, pain reports and muscle 
weaknesses are a common theme with this group.

Three-dimensional vertical, horizontal, and wraparound pat-
terns are the rule and can be identifi ed with some practice. Looking 
for three-dimensionally related areas of tightness and looseness is 
the key.

Tightness and looseness should be evaluated from a patterned 
three-dimensional context that includes:

■ Skeletal and soft tissue confi gurations
■ Upper and lower motor neuron infl uences
■ Effects of mechanical modeling and remodeling of bones, joints, 

and soft tissues
■ Effects of general skeletal factors
■ Injury history
■ Effects of repetitive daily activities
■ Psychoemotional states
■ Limiting psychosocial and socioeconomic factors

Locating direct and indirect barriers is a useful method for under-
standing tightness, looseness, and tethering effects. The general 
goal is to release tightness and restore three-dimensionally pat-
terned functional symmetry to the extent possible without aggra-
vating hypermobility. As forces against direct and indirect barriers 
are sequentially applied, an experienced operator can effi ciently 
treat the whole body in a reasonably short time.

Integrated neuromuscular and MFR approaches and treat-
ment processes are used to diagnose and modify altered refl ex and 
mechanical patterns anywhere in the body. Applying this form 
of treatment depends on one’s ability to palpate and interactively 
respond to shifting refl ex and mechanical changes as they occur. 
Recognition of active and passive elements infl uencing both local 
and general myofascial and skeletal patterns is an important ele-
ment in the process. The key to clinical success is the systematic 
development and application of the MAN acronym—Mechanics, 
Anatomic relationships, and interdependent Neural infl uences.

Bioelectric Fascial Activation and Release-O’Connell

MFR techniques apply compression and distraction forces into the 
affected fascia directed toward or away from a barrier of motion. 
Once the barrier or point of ease is engaged, the fascia responds 
with a decrease in resistance and motion resumes. The fascia responds 
rapidly to the light forces applied by all MFR techniques. As previously 
discussed, this rapid response is the result of the multiple prop-
erties of myofascial tissue: irritability, distensibility, contractility, 
relaxation, plasticity, elasticity, viscosity, stress, strain, creep, hyster-
esis, piezoelectric responses, and neurorefl exive activity within the 
fascial continuum.

During the technique, the fascia releases its restrictions in stages 
and leads the physician through a pattern of motion. Depending 
on the skill of the clinician, releases occur in two dimensions, three 
dimensions, or holographically. This pattern of motion is often 
complex and traverses any direction or plane, structure or region, 
organ or system, within the body-mind-spirit continuum.
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These acute patterns are always considered primary and should be 
addressed fi rst.

There are occasions when a new traumatic event exacerbates 
an old pattern and makes it primary, such as heading a soccer ball 
and exacerbating the birth primary dysfunction pattern. In adults, 
these very early chronic patterns are closest to the core of the onion 
and all other patterns and dysfunctions are layered on top of it. 
In releasing these activated primordial patterns, the clinician must 
be very careful because the changes in the body will be monumen-
tal, with both wondrous and devastating effects possible. Another 
possibility of interaction between multiple traumas is an accumu-
lated trauma vector. This vector is created by a reaction between 
existing vectors and does not follow the physical pattern of trauma. 
When releasing these accumulation vectors, changes will occur 
in the reactive old trauma patterns as well, so be careful to take 
this into consideration. Gradual releases and close follow-up are 
necessary to safely harness the body’s innate ability to heal.

Be patient: The effects of disorderly and aggressive treatment 
disrupt the hierarchal balance of dysfunction patterns and sys-
temic chaos results. These patients present signifi cant challenges 
to fi rst relieve the iatrogenic effects and then to reconstruct and 
treat the layered dysfunctional patterns in the body. The intelli-
gence of the tissue knows the needs of the system, and it is the 
prudent physician who honors this and applies the process of 
releases in peeling the onion of dysfunctional patterns accordingly 
(Box 47.3).

Trauma Patterns

The effects of trauma and the ensuing trauma patterns are special 
dysfunctional patterns and warrant further discussion. Trauma and 
alterations in the ECF precipitate a cascade of events mediated 
by bioelectric potential changes in the collagen-laden fascia. These 
events have local and distant effects, ultimately affecting homeo-
stasis. All musculoskeletal treatment medical, surgical, rehabilita-
tive or manipulative engages these properties, whether passively or 
actively.

Disruption and distortion of the fascia triggers a repair and 
strengthening process mediated by the release of chemotaxic fac-
tors activating the congregation and proliferation of fi broblasts. 
The fi broblasts coat the injured area with a fi brin matrix and col-
lagen is then deposited in a linear fashion along lines of mechanical 
tension in the tissue (59). These lines of stress produce bioelec-
tric potential changes that direct the repair of the damaged tissue 

Considering the concepts of holographic fascia and tensegrity, 
diaphragms are especially good portals of entry to the fascia because 
they occur at important anatomical crossroads where curves 
change, cavities change, and passage points for major circulatory 
and lymphatic vessels and organs occur. The central diaphragms 
are the tentorium, thoracic inlet/outlet, respiratory diaphragm, and 
pelvic diaphragm. Secondary diaphragms occur in the extremities 
at the palmer and plantar fascia. Diaphragms are muscular and 
fascial structures giving shape and form to the tubular structure 
of the body and counter the physical effects of gravity, entropy, 
and enthalpy while preserving the body’s ability to function and 
perform in space. Myofascial structures act as longitudinal cables 
connecting all diaphragms allowing a coordination of motion 
throughout the system.

Choosing a portal of entry to the fascia is based on the patient’s 
history, test and imaging results, consults, exams, and the provi-
sional diagnosis coupled with knowledge of anatomy and mechan-
ics. This may lead to a very specifi c structure such as an organ, 
tendon, or muscle, or need further delineation through active diag-
nostic palpation. In the case of the latter, choose a diaphragm that 
you feel the most comfortable palpating or the closest diaphragm 
to the region of suspected dysfunction to begin diagnostic palpa-
tion. In all cases, test tightness, looseness, local tissue quality, and 
range of motion.

Using compression, distraction, or the full deep respiration 
cycle, induce motion and note the different patterns of interaction 
between the normal (predictable) and the dysfunctional (unpre-
dictable) tissue response. This discernable difference makes the 
dysfunctional pattern obvious, and following it leads to the pri-
mary dysfunction that may be proximal or distal, in any organ or 
system, biological and/or bioenergetic, and be a barrier or point 
of ease. With practice, the dysfunctional pattern, whether a bar-
rier or point of ease, becomes rapidly obvious, making the primary 
dysfunction evident and releases begin almost immediately. In 
using BFAR, no more than three deep respiratory cycles are needed to 
activate the release in a progressive fashion. With each respiratory 
cycle, motion in the tissue begins as a release occurs and a new end 
point of motion manifests. Each successive deep respiratory cycle 
continues this process until the release is complete. Return to the 
original portal of entry and reassess for symmetry and resolution of 
that pattern of dysfunction.

“Peeling an Onion” of Layered 
Dysfunctional Patterns

Often, upon reassessing after releasing a primary dysfunction pat-
tern, a new primary pattern of dysfunction is evident. Throughout 
life, the body is exposed to many traumatic and stressful events that 
produce a distinct primary dysfunction pattern. Just as the most 
dysfunctional segment within a pattern of dysfunction is primary, 
so too the most dysfunctional of the layered patterns is the pri-
mary pattern of dysfunction. As this pattern resolves, the next most 
dysfunctional pattern becomes primary. This process is much like 
peeling an onion (58). This onion layer effect continues until all dys-
functional patterns are resolved. A word of caution, after the release 
of a primary dysfunction pattern, the body needs time to respond 
and adjust. If the clinician immediately begins the release of other 
emerging patterns of dysfunction, the system tends to decompen-
sate. To avoid this, address the next emerging primary dysfunction 
pattern in another treatment session.

Another important consideration is when a pattern of dys-
function is associated with an acute condition, such as, but not 
limited to, pneumonia, a cardiac event, or uncontrolled diabetes. 

Concepts for Peeling an Onion of 
Dysfunctional Patterns
Always treat the primary pattern of dysfunction

Space out treatments to allow the system to rebalance
Acute patterns are always considered primary
Identify and treat the next primary pattern of dysfunction 

and continue this process as the layered patterns of dysfunc-
tion emerge allowing recuperation time between treatments

Release activated primordial patterns very careful as the 
changes in the body will be monumental, with both wondrous 
and devastating effects possible

Treat the effects of disrupted hierarchal balance of patterns 
of dysfunction by first relieving the iatrogenic effects and then 
to reconstruct and treat the layered dysfunctional patterns in 
the body
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■ It is essential that motion, whether passive or active, be 
introduced into traumatized tissue as soon as possible

■ Appropriate application of OMT will help to restore normal 
function in traumatized tissue

Tensegrity concepts help to explain relationships between trauma 
and chronic pain (61). As previously discussed, the body can be 
viewed as a tensegrity system where trauma affects the whole sys-
tem and adaptations occur as the body rebalances. As the trauma 
is distributed, the area of the most intense adaptation is not always 
at the site of trauma. This site is often the location of the pain 
complaint, which is secondary by adaptation to the original site of 
trauma and its related dysfunction pattern. Therefore, evaluation 
of the whole patient is necessary to identify the site and pattern of 
the traumatic event, not just the site of pain. Treating the cause of the 
pain is more effi cient and will yield better results than treating the 
adaptive effect which is pain.

Trauma History

To understand the patient’s complaints and condition, a good 
trauma history is essential (62). Table 47.6 outlines the compo-
nents of a trauma history; this information will help to identify 
areas and patterns of related dysfunctions and the state of health 
of the patient.

with respect for the mechanical lines of force affecting the tissue. 
Healing therefore takes into account the function of the injured tissue as 
it repairs its structure.

If neurologic integrity is compromised or the tissue is immo-
bilized, dense connective tissue is formed. Without the lines of 
tension and motion, edema and disruptions in circulation and lym-
phatic drainage also cause fi brin and collagen to be deposited in a 
thick and haphazard scar. These thickened areas impede normal 
function of the linear sheets of fascia causing stiffness, changes 
in range of motion, pain, and further edema (60). This process 
increases the tissue scarring in a vicious self-perpetuating cycle. 
Chronic alterations in fascial integrity impede the normal func-
tion of the ECF with consequences to the health of the whole 
organism. Movement is essential to the appropriate, functional repair 
of fascia.

The following healing concepts apply to all connective tissue 
when injured:

■ Linear fi brin and collagen is deposited in response to tension in 
the tissue and directed by bioelectric potential changes

■ Immobilization causes collagen and fi brin to be condensed and 
haphazard

■ Motion improves circulation, exchange of lymphatic fl uids and 
metabolites, and encourages the normal distribution of fi brin 
and collagen

T A B L E  4 7 . 6

Components of a Trauma History

Components Description

Chronology of trauma When, where, and what happened during the trauma
Events surrounding the time of the trauma Circumstances, state of health, state of mind, age, life 

changes, etc.
Progression of the trauma-related symptoms Radiation or migration of pain or symptoms, development of 

other symptoms, etc.
Mechanism of trauma Motor vehicle accident, birth trauma, fall, surgery, etc.
Direction and motion of trauma As detailed as possible, e.g., pivoting left on right foot when 

tackled on the outside of the right knee
Type of trauma Blunt, sharp or cutting force, compression, traction, active 

motion against resistance, repetitive, etc.
Original signs and symptoms Bruising, pain, swelling, asymmetry, fractures, motion changes, 

organ symptoms, etc.
Changes in signs and symptoms Progressing, developing or continuing pain, functional 

changes, neurologic, mental or emotional symptoms, 
improving symptoms, etc.

Types and responses to treatments Surgery, medication list, physical therapy, supplements, 
alternative care, etc.

Pretrauma diseases and changes since the trauma Any changes in types of disease and response to treatment
Posttrauma diseases New conditions and response to treatment
Previous trauma List and any residuals still present at time of present trauma
Subsequent trauma Relationship to the presenting trauma, e.g., repetitive work 

injuries, falls due to unstable joints, etc.
Disabilities related to the presenting trauma Achieved or applied for, e.g., social security, personal injury, 

worker’s compensation, private disability
Disabilities not related to the trauma Achieved or applied for, e.g., social security, personal injury, 

worker’s compensation, private disability
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The creation of a treatment plan for the dysfunctional and/
or traumatized patient incorporates these concepts. Osteopathic 
management of these patients addresses the trauma and its effects 
with OMT integrated with medical, surgical, rehabilitative, and 
alternative interventions. Treating somatic dysfunction enhances 
and supports healing and homeostasis in all levels, body, mind, and 
spirit. “To fi nd health should be the object of the doctor. Anyone can fi nd 
disease” (63) (Philosophy of Osteopathy, A.T. Still, p. 28).

CLINICAL CASES

CASE 1: BIOMECHANICAL MODEL OF WARD
Refer to the chapter-opening case.

CASE 2: “THE BIG BANDAGE” MODEL OF CHILA
P.R. is a 46-year-old African American female who presents 
with pain in the right shoulder, neck, and upper back after gar-
dening this weekend. She spent a day weeding and planting in 
her gardens and went to bed stiff and woke up this morning 
in pain with poor motion of her neck and right shoulder with-
out radiation of pain or numbness. She denies any other recent 
traumas. She did have a similar problem last spring when she 
began to garden again and was helped by osteopathic manipu-
lative treatments.

Review of systems is positive for ovarian cysts and is 
otherwise noncontributory.

Past medical and family histories are unchanged from last 
year.

Tests: x-rays of the cervical spine a year ago demonstrated 
mild degenerative changes at the facets and discs at C5-6.

Medications: ibuprofen 200 mg 2 po every 6 hours since 
yesterday with relief of stiffness but not the pain. Aleve 1 to 
2 q12 prn prior to her periods and at midcycle for ovarian 
pain.

Physical exam: BP: 120/80; Pulse: 76 in acute moderate 
distress.

Neurologic: normal reflexes and sensation of upper extrem-
ities; strength intact with pain with end points of exertion.

Peripheral vascular: pulses normal with good capillary refill 
and no edema of all extremities.

Musculoskeletal: range of motion of right shoulder limited 
in abduction with pain, and otherwise both shoulders normal; 
cervical spine spasms with rotation of head and neck greater 
than 20 degrees left, otherwise motion intact; thoracic spine 
limited by pain in all planes of motion with spasms.

Diagnosis
Sprain/strain right shoulder
Sprain/strain cervical spine
Sprain/strain thoracic spine
Somatic dysfunction of the cervical, thoracic spine, and right 
upper extremity

Treatment
MFR
Stretches
Continue ibuprofen

CASE 3: BIOENERGETIC MODEL OF O’CONNELL
E.G. is a 3-week old female infant brought in by her parents 
for problems with sucking, torticollis, and inability to move 
her right arm. She is the product of an uncomplicated term 

pregnancy that was augmented with pitocin for failure to 
progress due to being in an occiput posterior position. Labor 
lasted 22 hours and she was delivered without further assis-
tance. She weighed 8 lb 2 oz and had APGARS of 7 and 9. 
Mom states that E.G. had problems latching on from the 
start and cried a lot keeping her from nursing at the breast or 
with bottles with expressed milk. They noticed that she did 
not move her right arm like her left and that her head was 
always turned left and tilted onto her right shoulder. The 
pediatrician reassured them that this would resolve on its 
own. Since it did not, they have brought her to seek osteo-
pathic manipulative treatments at the advice of their lactation 
consultant.

The rest of the review of systems shows steady weight 
gain in the 25th percentile, no reflux, and is otherwise non-
contributory.

Family history is negative for similar conditions and both 
parents are healthy and 22 years old.

Physical exam: Pulse 140 regular, respirations nonla-
bored, distressed with certain positions, nursing and changing 
clothes.

Neurologic: Inability to actively, grossly move right shoul-
der; movement of elbow and wrist and grip are maintained 
but weak on the right with the left being normal. Torticollis 
with head turned left with upward gaze and inability to actively 
rotate right. Suck is disorganized with posterior tongue posi-
tion and inability to maintain suction on digit, nipple, or breast 
with aerophagia and discomfort. The rest of her neurologic 
exam is appropriate for age.

Musculoskeletal: Torticollis rotated left with spasm of 
right sternocleidomastoid (SCM) muscle with pain with pas-
sive motion of head and neck right past midline. Group curve 
cervical spine has the most significant loss of motion at C5 and 
C1-occiput. Ribs 1 to 2 elevated right with depression of the 
acromioclavicular joint with a click with motion. Position of 
ease is head rotated left with upward tilt with right shoulder 
internally rotated. Cranial motion demonstrates a compres-
sion of the mastoidal suture and occipital condyle on the right. 
T1-3 are extended and any attempt at flexion in this region is 
painful.

The rest of the physical exam is normal and appropriate 
for age.

Diagnoses
Erbs palsy
Torticollis, spasmodic
CN trauma of birth (9–12)
Feeding problems of the newborn
Somatic dysfunction head, cervical, thoracic, ribs, upper 
extremity right

Treatment
MFR
Set up for physical therapy
Discussed positional support when feeding
Continue with lactation consultant to support breast feeding

DIAGNOSES AND TECHNIQUES

Techniques are divided according to somatic dysfunction body 
regions. Ward’s, Chila’s, and O’Connell’s techniques will be 
described separately.
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it is helpful to use a large pillow to minimize cervical and 
thoracolumbar problems

2. Sit at the patient’s head
3. Two hand positions, among many possibilities, are particularly 

useful:
 (a)  One hand overlapping the other—this permits carefully 

controlled and focused, twist, traction, and side-bending 
maneuvers. The maneuvers are used both separately and 
with patient cooperation

 (b)  By grasping the basiocciput with the palms of each hand, 
the fi ngers are left free to sort out both superfi cial and deep 
mechanisms

4. From either hand position, traction, turning, and side-bending 
maneuvers assess myofascial and joint-related tightness and 
looseness

 (a)  Pay particular attention to tightness, remembering that loose 
joints with surrounding inhibited muscle groups are com-
mon sources of pain and disability. In more acute situations, 
on the other hand, loose joints are usually associated with 
tight muscles as they work to protect and stabilize the sys-
tem. The opposite fi ndings are also common, such as tight 
joints with accompanying inhibition of overlying muscles

TECHNIQUES BY WARD

739.0 and 739.1: Head and Cervical Region

Craniocervical Spine
Patient Supine
This process is shown in Figure 47.8. The goal is to establish 
three-dimensional movement symmetry in the cervical spine from 
basiocciput to upper thoracic infl uences. Particular emphasis is 
placed on restoration of adequate side bending and rotation, both 
generally and in relation to single segment mobility. This technique 
is usually more effective after lower cervical, cervicothoracic junc-
tion, and upper thoracic, upper limb factors have been released 
beforehand.

Note: To protect the vertebral arteries, take particular caution to 
avoid simultaneous side-bending and extension maneuvers. While 
important for all age groups, most injuries have occurred under age 35.

Procedure
1. The patient lies supine with heels on the table, arms comfort-

ably at the sides. This basically ensures that unusual mechanical 
stresses transmitted through the Achilles tendons and ankles 
will be neutralized. For those patients with signifi cant kyphosis, 

Figure 47-8 A, B. Craniocervical technique.
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 (b)  Upper limb asymmetries that occur as the patient actively 
moves the upper limbs in a variety of directions

 (c)  Repeat the procedure by passively moving each arm and 
shoulder with one hand remaining behind the patient

 (d)  Thoracolumbar junction asymmetries are assessed by having 
the patient move the lower limbs in a variety of directions; 
focus on the proximal iliopsoas as well more distal, lumbopel-
vic relationships as they respond to active patient movements

6. As inherent tissue movements become apparent, gently, but 
fi rmly, lift the thoracolumbar attachments anteriorly and lat-
erally. Shifting sites of tightness and looseness are balanced 
against each other until inherent movements become quietly 
symmetric. Sometimes, considerable traction and twist are 
needed to release asymmetrically tight areas

7. As tightness releases, varieties of release-enhancing activities 
are helpful. Examples are:

 (a) Three-dimensional upper and lower limb movements
 (b)  Breath holding at neutral, during moderate and deep inha-

lation, and then during moderate and deep exhalation, 
which can be combined with three-dimensional upper and 
lower limb movements

8. Treatment is complete when thoracocostal movements are as 
functionally symmetric as can be expected

 (b)  Facet joints are often tight on one side, loose on the other. 
Side-to-side motion testing with only a little rotation will 
determine which facets are failing to effectively open or 
close

 (c)  The procedure’s focus is to carefully, but persistently, apply 
well-focused stress against tight sites with and without 
patient assistance

 (d)  INR CN and upper limb activities such as fi nger tapping 
and hand rolling are commonly helpful. They also save the 
practitioner time

5. Linking subtle translatory maneuvers (e.g., combinations of 
distraction and extension with fl exion, extension, side-bending, 
and rotation) is usually helpful. In particular:

 (a)  Release deep upper cervical muscles by combining CN 
activities with occipitoatlantal nutation and counternuta-
tion. Remember that SCM, trapezius (CN XI), and scalene 
mechanics are easily accessible primary neck stabilizers that 
are often asymmetric in relation to each other. For example, 
the left SCM mechanism is typically tighter than the right 
from origin to insertion. Commonly, the underlying scalene 
system is looser (i.e., tightness and looseness occur among ipsi-
lateral layers as well as from side to side, front to back, and 
circumferentially)

6. In the process:
7. Atlantoaxial joints and surrounding attachments are carefully 

rotated against tightness
8. Middle and lower cervical attachments and coupled joint move-

ments are stressed using translatory movements with combina-
tions of side bending, fl exion, and extension that avoids a lot of 
rotation (Remember the vertebral arteries!)

9. Treatment is complete when symmetric movements are restored 
to facet joints and surrounding soft tissues within the ability of 
the patient to adapt

739.2 and 739.8: Thoracic Region and Ribs

Thoracic Cage, Spine, Diaphragm, and Lower Costal 
Cage: Supine
This process is shown in Figure 47.9.

Objective
The goal is to three dimensionally balance scapulothoracic, 
thoracic spine, and costodiaphragmatic relationships.

Procedure
Supine
1. The patient lies supine with heels on the table, arms comfort-

ably at the sides. This basically ensures that unusual mechanical 
stresses transmitted through the Achilles tendons and ankles 
will be neutralized. For those patients with signifi cant kypho-
sis, it is helpful to use a large pillow to minimize cervical and 
thoracolumbar problems

2. Sit at the head of the table
3. Resting your elbows on the table, reach under the patient and 

place the hands fi rmly against inferior costothoracic attach-
ments on either side of the thoracic spine. Be sure to maintain 
whole-hand contact across and along the erector spinae as well 
as around the costal cage

4. Both positional and movement-related tight-loose asymmetries 
will become apparent

5. Focus on the following:
 (a)  Diaphragmatic asymmetries that become apparent as the 

patient slowly but deeply inhales and exhales

Figure 47-9 A, B. Thoracic and rib technique.
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716 III • APPROACH TO THE SOMATIC COMPONENT

 3. The hands and arms are comfortably placed either over the 
sides of the table, or on the table beside the hips and thighs

 4. Stand beside the patient’s hip, facing cephalad
 5. Place your hands at the thoracolumbar junction, covering pos-

teroinferior rib, trunk rotator, and diaphragmatic sites
 6. Place hands widely open with the thumbs pointed cephalad 

along either side of the spinous processes, while the remainder 
of each hand spreads over the posteroinferior costodiaphrag-
matic and upper lumbar areas

 7. Identify superfi cial and deep tightness and looseness patterns 
three dimensionally

 8. Firmly separate the thumbs across the midline as the left hand 
creates clockwise and the right hand creates counterclockwise 
traction. The hands should not slide on the skin

 9. As the skin is stretched between the thumbs, it will initially blanch. 
As compression, traction, and twist are maintained, tissues begin 
to relax both refl exively and mechanically in accordance with 
principles discussed earlier in this chapter. After initial blanching, 
the site of major soft tissue tension commonly becomes reddened 
and warmer, the so-called blush phenomenon

10. Typical releases occur three dimensionally with sustained traction 
and twist, and they can occur singly or in multiples. The latter 
often creates a wormlike sensation under the palpating hands. As 
multiple releases continue, so-called unwinding phenomena often 
occur, as shifting patterns of tightness and looseness alter three-
dimensional relationships. With practice, one learns to feel deeply 
into the areas surrounding facet joints. Symmetric segmental 
movements to passive three-dimensional stressing suggest that 
the procedure is complete. Treatment is complete when repetitive 
stressing of selected sites no longer creates release activity

739.4: Sacrum

Focused Prone Sacral Base Release: 
Two-Handed Technique
This process is shown in Figure 47.11.

739.3: Lumbar Region

Thoracolumbar Release
Figure 47.10 illustrates this process.

Objective
To balance the thoracolumbar junction three dimensionally in rela-
tion to lumbopelvic, thoracocostal, and diaphragmatic mechanics.

Review
Review cervical, trapezius, shoulder girdle, and costal cage anatomy 
for their three-dimensional perspectives and functional relation-
ships to the area.

Procedure
Prone
 1. The patient’s feet should be off the end of the table to mini-

mize lower limb stresses in relation to the pelvis and low back
 2. Initially, the patient’s head should be turned to the most com-

fortable side. Holding it exclusively in the midline, as many 
wish to do, often obscures tight-loose effects at the thora-
columbar junction

Figure 47-10 Lumbar technique. A. Operator stands beside 
patient’s hip, with head to side. B. Head right.

Figure 47-11 Sacral technique. Using a rocking motion, induce 
lumbosacral joint distraction.
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Objective
The goal is to three dimensionally balance the sacral base in 
relation to L4-5 mechanics, the iliolumbar ligament, and positional 
innominate asymmetries.

Review
Review lumbopelvic anatomy, L4-5 mechanics in relation to the 
sacrum and pelvis, iliolumbar ligament, and innominate, hip rota-
tor, and pelvic diaphragm relationships, including distal iliopsoas 
and piriformis muscle infl uences.

Procedure
Prone
 1. The feet should be off the end of the table to minimize lower 

limb stresses in relation to the pelvis and low back
 2. The head should be turned to the most comfortable side
 3. The hands and arms are comfortably placed either over the 

sides of the table or on the table beside the hips and thighs
 4. If right handed, stand at the patient’s left shoulder, facing 

caudad
 5. Place one hand either horizontally, or transverse to the sacrum, 

contacting the posterior superior iliac spines and medial glu-
teus maximus attachments bilaterally

 6. Place the other hand over the bottom hand along the long axis 
of the sacrum between the two innominates, with the index 
fi nger overlying one SI joint and inferior lateral angle as the 
ring fi nger covers the other. By using this hand placement, 
the long fi nger falls naturally over the sacral spines and sacral 
hiatus

 7. Evaluate patterns of tightness and looseness by rocking the 
sacrum in multiple planes:

 (a)  Proximally and distally, by distracting the sacrum and 
lumbar spine at the sacral base along the long axis of the 
spine

 (b)  Circumferentially, by transversely translating each hand 
across the pelvis in opposite directions

 8. Using a rocking nutation-counternutation gapping motion, 
induce lumbosacral joint distraction. Be sure to create the 
motion by moving the distal hand caudally as well as up and 
over the natural curve of the sacrum. Some sacrums are in a 
more or less straight-line relationship with the spine. Others are 
sometimes acutely angled with the plane of the sacral base virtu-
ally perpendicular to the fl ow of the operator-imposed forces

 9. Both light- and heavy-handed force can be used, depending 
on your skill. A key to success is the ability to monitor, induce, 
and enhance both inherent tissue and craniosacral activities

10. As both static and dynamic loading is applied, inherent tissue 
movement-related tightness and looseness usually becomes 
apparent. Static forces load the system against direct and indi-
rect barriers without superimposing oscillating movements. 
Dynamic forces load the system with subtle operator-induced 
forces that:

 (a)  Follow along behind inherent tissue and craniosacral 
movements

 (b)  Systematically seek out three-dimensional shifts of direct 
and indirect barriers as releases occur

11. Success is more apt to occur when special attention is given 
to the sacral base in relation to L4-5 mechanics, iliolumbar 
ligament anomalies, degenerative changes, and nonneutral 
vertebral mechanics.)

12. Treatment is complete when L5 and sacral base mechanics 
and associated inherent motions are as symmetric as can rea-
sonably be expected

739.5: Pelvis

Pubic Symphysis Release
Treatment procedures for the pelvis are shown in Figure 47.12.

Objective
The goal is to restore symmetry to the pubic symphysis.

Review
Review the functional three-dimensional relationships among the 
proximal thigh adductors, anterior and posterior innominates and 
their asymmetries, as well as changes involving the rectus sheath 
and transverses abdominis muscles, where they attach to the pubic 
symphysis.

Procedure
Supine
1. The patient lies supine with heels on the table and the arms 

comfortably at the sides or on the abdomen. Short-armed 
individuals should keep the arms on the table to avoid stress-
ing shoulder and thoracolumbar systems. This more or less 
ensures that unusual mechanical stresses transmitted through 
the Achilles tendons and ankles will be neutralized. For those 
with signifi cant kyphosis, it is helpful to use a large pillow to 
minimize cervical and thoracolumbar problems

Figure 47-12 Pelvic technique. A. Symphysis release. B. Thenar 
eminences are placed on either side of symphysis pubis, thumbs 
pointed superiorly and anteriorly.
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2. Facing cephalad, the practitioner sits or stands beside the 
patient’s right thigh, near the knee

3. First, assess for symphyseal shear and positional asymmetry. 
Some prefer visual analysis, while others prefer a combination 
of palpation and vision. Tightness and looseness in the rectus 
sheath often identify the most problematic site. Sometimes 
tightness will be on the inferior side, sometimes the superior. 
Usually, there are strong correlations with innominate position-
ing, but there are enough exceptions that one must be alert

4. Place the thenar eminences on either side of the symphy-
sis pubis, thumbs pointed superiorly and anteriorly. Proximal 
adductor and iliacus tendon attachments should be palpably 
evident under the thenar muscles

5. Induce fi rm, slow forces that either exaggerate (indirect barri-
ers) or decrease (direct barriers) symphysis asymmetry. Direct 
rocking back and forth, similar to an articular maneuver, is 
often effective. Hold against the barriers until releases occur. 
Mild oscillations usually become evident as the rectus fasciae, 
bony pelvis, pelvic diaphragm, trunk rotators, and thigh adduc-
tors become more symmetric

739.6: Lower Extremity

Treatment procedures for the lower limb are shown in Figure 47.13.

Goal
The goal is to release each lower limb from lumbopelvic and hip 
rotator attachments to the foot and ankle.

Review
Review the following:

1. Functional neurology of the lower limb, including pelvic gir-
dle, low back, trunk rotators, and lumbodorsal fascia, latissi-
mus dorsi, scapulocostal stabilizers in relation to the low back, 
brachial plexus infl uences through shoulder girdle structures, as 
well as diaphragmatic-phrenic infl uence. Remember that the 
limbs are precisely represented in cerebellopontine functions 
as well as in multiple areas of the homunculus and precentral 
gyrus, among many

2. Functional neuromuscular anatomy of the foot, ankle, knee, 
and their myofascial elements

3. Functional neuromuscular anatomy of the hips and upper leg

4. Circulatory anatomy of both the lumbopelvic system and the 
lower limbs

5. The effects of common medical problems, such as arthritis, dia-
betes, and effects of trauma and surgery

Note 1: Smoking-related circulatory problems, arthritis, and 
diabetes are among the most common sources of lower limb 
dysfunctions.
Note 2: Proprioceptive instability on one leg is a common signal of 
unilateral muscle weakness and neural inhibition anywhere from 
the low back to the plantar surface of the ipsilateral foot. Pain is a 
common presenting complaint.

Procedure
Supine
1. To begin, the heels should be on the table with knees extended 

to minimize lower limb stresses. The head and neck should be 
comfortable with minimal stress on the spine and pelvis

Note: Remember to check for leg-length inequalities and altered 
hip mechanics both prone and supine. It is common to fi nd dif-
ferences supine, prone, and seated. Pelvic obliquities are common 
when these inconsistencies occur.

2. The hands and arms are comfortably placed either on the abdo-
men or at the sides

3. Sit or stand beside the patient
4. Grasp distal femur and distal patellar/proximal tibial attachments
5. Using fi rm, passive, circumferential movements, assess each 

fully extended knee for three-dimensional tightness and loose-
ness. Particular care is taken in assessing medial hamstring as 
well as lateral hamstring/iliotibial band/proximal fi bular head 
tight-loose relationships

Note: Myofascially, this is a fairly ambiguous area to assess and treat, 
so one must subjectively rely on tight-loose end-feels. Remember 
that both lumbopelvic and foot-ankle mechanics signifi cantly 
infl uence the system.

6. Assess hip function in the same way, with the leg in full exten-
sion and then with varieties of fl exion, internal and external 
rotation, abduction, and adduction

7. Passively twist the knee in opposite directions (axial twist), 
being sure that the hand and fi ngers are fi rmly in contact with 
areas of maximum tightness. Usually, maximum tightness is in 
two places:

 (a)  Laterally around distal iliotibial band attachments and 
proximal fi bular head

 (b)  Medially and posteriorly near and around distal hamstring 
attachments

8. Asymptomatic lateral knee/fi bular head problems (tightness) 
in response to medial complaints where the knee is generally 
more mobile are common. Distal tensor fasciae latae prob-
lems are also common in this group in conjunction with ipsi-
lateral gluteus medius weakness. A positive standing Tren-
delenburg test is the most common signal of gluteus medius 
weakening

 (a)  Remember that proximal SI joint and sacrotuberous-
sacrospinous ligamentous factors are also common sources 
of distal diffi culties, and vice versa

739.7: Upper Extremity

Treatment procedures for the upper limb are shown in Figure 47.14.
Figure 47-13 Lower extremity technique.

Chila_Chap47.indd   718Chila_Chap47.indd   718 8/6/2010   11:45:15 AM8/6/2010   11:45:15 AM



 47 • MYOFASCIAL RELEASE APPROACH 719

thighs. If the hands are over the sides of the table, be sure to 
note any asymmetric scapulocostal effects

 4. The operator sits on a rolling stool that allows movement in 
response to shifting sites of tightness and looseness

 5. Holding the affected arm between the knees allows the oper-
ator use of the rolling stool to guide movements as specifi c 
stressing against tight barriers occurs

 6. Initially, place both hands fi rmly around the glenohumeral 
attachments immediately lateral to the acromioclavicular 
joint. The fi ngers of one hand fi rmly contact pectoralis major 
attachments anteriorly, while the other hand contacts teres/
infraspinatus attachments posteriorly

 7. Assess tightness and looseness by three dimensionally 
stressing the system using distraction, compression, twist, and 
shear

 8. Direct and fi rm stressing against tightness gets the process 
under way. For example, approximately 5 to 15 lb of load are 
common before initial releases begin

 9. Pay particular attention to posterior and inferior glenohumeral 
restrictions close to the scapula

10. Long-term problems usually require fi rmly held movements 
that assertively stretch the area without interfering with neuro-
circulatory functions

11. A well-organized home exercise and/or physical therapy 
program is usually needed to maintain improvement

12. Side-lying techniques using a similar approach are also 
helpful

TECHNIQUES BY CHILA

739.0: Head and Suboccipital Region

Cranium
Treatment procedures for the cranium are shown in Figure 47.15.

Occipitoatlantal Articulation
1. One hand contacts the posterior tubercle of the atlas
2. The opposite hand contacts the vertex of the patient’s head. 

The fulcrum is established by the placement of the elbow on 
the tabletop

Basilar Axes of the Skull
The patient’s head rests on the interlaced or overlapped fi ngers of 
the physician. The physician’s thumbs extend above the ears toward 
the forepart of the head. The fulcrum is established by the place-
ment of the elbows on the tabletop.

Upper Limb and Shoulder
Rotator Cuff and Partially Frozen Shoulder Dysfunctions
Goal
The goal of this treatment is to three dimensionally balance cer-
vical, shoulder, scapulocostal, anterior chest wall, rotator cuff-
glenohumeral, upper arm, elbow, wrist, and hand infl uences.

Review
Review the following:

1. Functional neurology of the neck in relation to the upper limb, 
including brachial plexus and cervical autonomic elements, as 
well as CN sensory and motor functions

2. Rotator cuff, glenohumeral, elbow, wrist infl uences
3. Craniocervical spine relationships with particular reference to 

large and small muscle infl uences from basiocciput to upper 
thoracic and related scapulothoracic, scapulocostal infl uences

Procedure
The procedure is carried out with the patient prone, with their arm 
and shoulder off table. Most of the time, this position is used to deal 
directly with compromised shoulder and scapulocostal mechanics 
(see also “Spencer Techniques”). Direct myofascial stressing occurs 
across and around the rotator cuff, acromioclavicular joint, distal 
glenohumeral attachments, and inferior subscapularis, latissimus 
dorsi, infraspinatus, teres major and minor attachments:

1. The patient’s feet should be off the end of the table to minimize 
lower limb stresses in relation to the pelvis and lower limb

2. The patient’s head should be turned to the most comfortable 
side. Note the effect of head turning on tightness and looseness 
across the shoulder in question. Proximal and superior cervi-
cal attachments are often compromised and need to be released 
along with the shoulder

Note: Keeping the head in the midline readily neutralizes cranio-
cervical asymmetries, but also reduces the chance that signifi cant 
tight-loose asymmetries will be missed.

 3. The patient’s hands and arms are comfortably placed either 
over the sides of the table or on the table beside the hips and 

Figure 47-14 Upper extremity.

Figure 47-15 Head and suboccipital technique.
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739.1, 739.2, and 739.8: Cervical Region, Thoracic 
Region, and Ribs

Rib Cage
1. Place one hand beneath the rib cage, with the fi ngertips just 

beyond the spinous processes of the associated thoracic verte-
brae (Fig. 47.16)

2. Place the other hand on the anterior ends of the ribs. The ful-
crum is established by the elbow on the knee

Lower Thorax
Place both hands beneath the patient at the level of the 12th tho-
racic segment (T12) (Fig. 47.17). This area corresponds to the level 
of the insertion of the trapezium muscles bilaterally. The fulcrum is 
established bilaterally by the elbows resting on the tabletop.

Upper Thorax
The patient’s head rests on a pillow. One hand and arm contact the 
upper thoracic spinous processes, with the fi ngers spread slightly to 
contact the ribs on each side (Fig. 47.18). Place the opposite hand 
on the sternum. The fulcrum is established by the elbow on the 
tabletop, beneath the patient’s head.

Cervical Area
Both hands bridge the entire cervical area from the base of the skull 
to the upper thorax (Fig. 47.19). The fulcrum is established bilater-
ally by the elbows and forearms resting on the tabletop.

739.3: Lumbar Region

The patient’s knees are fl exed, and the feet placed fl at on the table. 
Lateralization of the feet, with inversion of the toes, helps to sta-
bilize the pelvis.

Upper Lumbar, Psoas Muscle
Place one hand under the upper lumbar area (Fig. 47.20). The 
opposite arm and hand bridge the fl exed knees. The fulcrum is 
established by the elbow on the knee (upper lumbar area).

739.4 and 739.5: Sacrum and Pelvis

The patient’s knees are fl exed, and the feet placed fl at on the 
table. Lateralization of the feet, with inversion of the toes, helps to 
stabilize the pelvis.

Figure 47-16 Rib cage.

Figure 47-17 Lower thorax.

Figure 47-18 Upper thorax.

Figure 47-19 Cervical area.

Sacrum and Pelvis
1. Mold with the patient’s sacrum with one hand
2. Place the fi ngertips of this hand at the level of the spinous pro-

cess of the fi fth lumbar segment (L5). The opposite arm and 
hand bridge the anterior superior iliac spine (ASIS) on each 
side of the pelvis (Fig. 47.21)

3. The fulcrum is established by the elbow, which is leaning on the 
treatment table

Sacrum, Iliosacrum, Lower Lumbar
1. Mold with the patient’s sacrum with one hand (Fig. 47.22)

Chila_Chap47.indd   720Chila_Chap47.indd   720 8/6/2010   11:45:15 AM8/6/2010   11:45:15 AM



 47 • MYOFASCIAL RELEASE APPROACH 721

739.6: Lower Extremity

Lower Extremity
Selectively employ torsion (rotation) and traction in two phases 
to release muscular, fascial, ligamentous, and articular dysfunction. 
The fulcrum is established by the elbows of the physician’s arms in 
supporting the motions of the patient’s foot, lower leg, and knee.

Abduction Phase (Lower Leg)
Invert the plantar surface of the foot (Fig. 47.23). Introduce torsion 
between the ankle and the knee. Advance the effect of torsion by 
slowly moving the knee across the lower abdomen, resulting in pro-
gressive abduction of the lower leg. The torsion will be felt in the 
lateral malleolar area, the medial compartmental area of the knee, 
the tensor fascia lata area, and the trochanter area. Upon comple-
tion of this phase, gradually extend the lower extremity and slowly 
return it to the tabletop.

Adduction Phase (Lower Leg)
Evert the plantar surface of the foot (Fig. 47.24). Introduce tor-
sion between the ankle and the knee. Steadily advance the effect of 
torsion by slowly moving the knee away from the lower abdomen, 
resulting in progressive adduction of the lower leg. The torsion will 
be felt in the medial malleolar area, the lateral compartmental area 
of the knee, the medial thigh area, and the inguinal area. Upon 

2. Place the opposite hand under the iliosacral articulation. The 
fi ngertips of this hand contact the spinous process of the lower 
lumbar segments (L3, L4, L5). Both elbows establish the ful-
crum: one leaning on the treatment table (sacrum), the other 
leaning on the physician’s knee (iliosacrum; lower lumbar)

Figure 47-21 Sacrum and pelvis. Bridge ASIS.

Figure 47-20 Upper lumbar, psoas muscle.

Figure 47-22 Sacrum, iliosacrum, lower lumbar.

Figure 47-23 Lower extremity, abduction phase.

Figure 47-24 Lower extremity, adduction phase.
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to the side of the body. Sustained supination as the upper extremity 
is carried toward the posterior thorax facilitates release of the tho-
racolumbar junction. Sustained pronation as the upper extremity is 
carried toward the xiphoid process facilitates musculofascial release 
along the costal margin. The cumulative effect of these forces con-
tributes to ligamentous articular release of the elbow region.

Clavicular and Glenohumeral Release
Accomplish this by placing the extended upper extremity in a neu-
tral position, with respect to the side of the body, and abducting to 
the point where a continuum exists between the upper extremity 
and the position of the clavicle. Sustained pronation as the upper 
extremity is carried toward the manubrial region facilitates release 
of the manubrial area and the sternoclavicular articulation. Sus-
tained supination as the upper extremity is carried toward the pos-
terior thorax facilitates release of the acromioclavicular articulation 
and the glenohumeral area.

Radioulnar, Wrist, Hand, and Fingers Release
Accomplish this by sustained alternating supination and pronation. 
This facilitates the release of fascial ligamentous tension along the 
course of the interosseous membrane to the fl exor retinaculum 
(Fig. 47.22).

The addition of alternating fl exion and extension of the wrist 
facilitates the release of articular dysfunctions of the carpal bones 
(Fig. 47.23). Fascial ligamentous release of the palmar area pre-
cedes articulatory release of the small joints of the fi ngers and 
thumb. The progress of the sequence is from the small fi nger to the 
thumb (Fig. 47.24).

Expansion of the Superior Thoracic Aperture
Accomplish this by grasping the deep webbing between the 
index fi nger and thumb of the patient’s extended upper extremity. 
Sustained alternating supination and pronation facilitates the 
release of congestion in this area and contributes to release of the 
cervicothoracic junction (Figs. 47.27–47.29).

TECHNIQUES BY O’CONNELL

739.0 and 739.1: Head and Cervical Region

Head/cervical: Release across diaphragms (tentorium cerebelli 
to thoracic inlet) of a trauma pattern into the neck (birth trauma, 
personal injury, or MVA) (Fig. 47.30).

completion of this phase, gradually extend the lower extremity and 
slowly return it to the tabletop.

Foot
Note tenderness to palpation in the plantar myofascial tissues. 
Give particular attention to such fi ndings along the medial lon-
gitudinal arch. The contour of the foot can be analogized to the 
spinal complex:

The calcaneus represents the sacrum
The tarsal bones represent the lumbar region
The tarsometatarsal area represents the thoracolumbar 

junction
The metatarsal area represents the thoracic region
The metatarsophalangeal area represents the cervicothoracic 

junction
The phalangeal area represents the cervical region

Tender points can be analogized to the ipsilateral spinal level, 
including paraspinal tissues.

Treatment is by increased plantar fl exion of the foot about 
the point of greatest tenderness (Fig. 47.25). Perform articulatory 
release of the small joints of the toes in sequence, from the great 
toe to the small toe.

739.7: Upper Extremity

Upper Extremity
Scapulofascial Release
Accomplish this by exploring ease and resistance to motion in 
several planes: cephalad, caudad, medially, laterally, clockwise, and 
counterclockwise (Fig. 47.26). Both hands are used to grasp the 
scapula completely, both medially and laterally.

Axillary Release
Accomplish this by manual decongestion of the posterior axillary 
tissues and the pectoral tissues.

Expansion of the Inferior Thoracic Aperture
Accomplish this by supporting the elbow region with one hand 
and the wrist region with the other hand. For this and all subse-
quent procedures, the fulcrum is established by the elbows of the 
physician’s body in support of the motions of the patient’s upper 
extremity. Bring the extended upper extremity of the patient closer 

Figure 47-26 Upper extremity, scapulofascial release.

Figure 47-25 Foot
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Place the patient in the supine position and sit at the head of 
the treatment table.

Place your hands on the head with the index fi ngers above the 
zygomatic process, the middle fi nger below the process, and the ring 
fi ngers behind and contacting the pinnae, taking care not to overlay 
the mastoidal suture, while placing the little fi nger on the occipital 
squama. Then lay the palms of your hands lightly on the head with 
your thumbs on the parietals. This captures the tentorium between 
your hands while allowing contact with the suboccipital fascia.

Sense the motion of the tentorium and note the asymmetries in 
motion between temporalis and occiput. Now focus on the motion 
of the posterior external fascial planes of the head into the neck as 
you continue to monitor the tentorium.

Introduce a compressive or distractive force into the tissues and 
a pattern of motion will become evident that travels between the 
tentorium and the thoracic inlet. Following this pattern along its 
ease or oppose the pattern and engage the motion barrier of this 
pattern. Since the fascia is a continuum, the trauma pattern will 
follow a distinct path and move across multiple structures, organs, 
and regions as the fascia responds intelligently to the forces. This 
pattern of motion refl ects the traumatic pattern of strain in the 
tissues and reproduces the positions of trauma.

Choose a direct or an indirect approach and follow the pattern 
along its responsive moving barrier or point of ease as the pattern 
releases. Three deep respiratory cycles facilitate the release with 
repositioning continuously as the pattern releases.

Return the patient to neutral and retest as above taking note as 
to whether the pattern is extinguished.

Trauma patterns are not limited to normal physiologic motion 
patterns and may be confusing to the clinician, but with practice, 
can aid the clinician in diagnosis as well as treatment.

739.2, 739.7, and 739.8: Thoracic Region, 
Upper Extremity, and Ribs

Thoracic/Ribs/Sternum/Clavicle/Upper Extremity
This approach allows for anatomical access to all structures that 
converge at this diaphragm, the longitudinal connections between 
diaphragms and an excellent technique to experience a holographic 
release (Figs. 47.31 and 47.32).

The complexity of the motions that interface and are accessed 
here usually cause more complex and grosser levels of motion sensed 
by the clinician and the patient and is referred to as “the dance.” 

Figure 47-27 Upper extremity, radioulnar.

Figure 47-28 Upper extremity, wrist.

Figure 47-29 Upper extremity, hand and fi ngers.

Figure 47-30 Head and neck technique.
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dance with the patient’s release. Return the patient to neutral and 
reevaluate the resolution of the pattern.

739.3: Lumbar Region

Lumbar: Iliopsoas release (lifting injury, short leg accommoda-
tion) (Figs. 47.33 and 47.34).

Place the patient prone on the table and stand at the side of the 
patient. Place your hand that is closest to the patient’s head per-
pendicular to the long line of the spine with the spinous processes 
of T11-L1 in the midline of the palm of your hand. Lay your hand 
down with your fi ngers on the contralateral side of the spine and 
your thenar and hypothenar eminences on the ipsilateral side of the 
spine. This allows for the capture of the posterior fascial attach-
ments of the respiratory diaphragm and the posterior longitudinal 
fascial planes of the lumbar spine/torso.

Place your other hand parallel to the long line of the spine with 
the palm of your hand at the sacral base and your fi ngers extending 
cephalad and spread capturing the lumbopelvic spine and fascia.

The motion is this region is more tubular in character, and as 
the release occurs, both hands will be moving in different directions. 
Assess the motion between your sensing hands with a respiratory 
cycle, or with palpatory listening to the innate fascial motion. Iden-
tify areas of restriction and ease between these listening posts and 
choose a direct or indirect approach.

It is important to note that this approach allows the clinician to travel 
the fascial continuum both diagnostically and therapeutically.

Position the patient seated on the table. The clinician stands 
directly behind the patient making sure the patient is slightly lower 
so that the clinician is able to place their hands on the thoracic inlet 
in a comfortable position.

The handhold is designed to capture the whole thoracic inlet 
with contacts on the bony anchors to the inlet. Place your hands 
on top of the patient’s shoulders with your thumbs posteriorly with 
the tips pointing toward the spinous processes of C7 and T1. Ante-
riorly, your third and fourth fi ngers overly the clavicle with the tip 
of the fi ngers contacting the fi rst rib and second rib anteriorly. 
Place the second fi nger along the shaft of the clavicle pointing 
toward the sternoclavicular joint. Place the fi fth fi nger laterally 
toward the acromioclavicular joint. In this position, relax the hands so 
that the palms overly and contact the tops of the shoulders.

Assess the motion patterns in both hands simultaneously, 
remembering that it is usual that motion may occur in different 
planes and directions. With a respiratory cycle, identify the pat-
terns of motion and choose a direct or indirect approach. With 
three deep respiratory cycles, follow the shifting release pattern 
with both hands and stabilizing the patient’s torso with your 
own epigastrium remembering not to limit the motion, but to 

Figure 47-31 Thoracic inlet approach to thoracic, ribs, and upper 
extremities technique.

Figure 47-32

Figure 47-34

Figure 47-33 Lumbar technique.
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Augment the motion with three respiratory cycles and follow 
the shifting pattern as it releases.

Return to neutral and reevaluate the motion.

739.4 and 739.5: Sacrum and Pelvis

Sacrum/pelvis: Sacral sling release in three dimensions (fall, preg-
nancy pain, postdelivery pain) (Figs. 47.26 and 47.35).

Place the patient in the supine position and stand or sit next to 
the patient facing the pelvis.

Place one hand under the pelvis, perpendicular to the long 
line of the spine, with the spinous processes in midpalm with your 
fi nger tips across to the contralateral SI joint and your thenar/
hypothenar eminences on the ipsilateral SI joint and relax your 
hand.

With your other hand, reach across the ilia grasping the con-
tralateral anterior ilia with your fi nger tips and contact the ipsilat-
eral ilia with your forearm or elbow.

With your upper arm and hand, compress the ilia toward mid-
line, disengaging the sacrum posteriorly, which now fl oats in the 
lumbosacral fascia.

With a deep breath set the fascia in motion, identifying posi-
tions of ease and barriers to motion of the sacrum within the fascia. 
Become aware of the relationship between the posterior fascia and 
the anterior fascia, the motion into the pelvic fl oor and the fascial 
loop up into the rectus, transversalis, internal and external obliques 
fascia. Now become aware of the bony pelvis within this fascial 
container and with a deep breath, with your entry into this system, 
using the sacrum as a guide, go through three respiratory cycles 
following the three-dimensional release of the structures as direct, 
indirect, or combined.

Return to neutral and reassess the motion in the structures for 
resolve of the dysfunctions (Fig. 47.36).

739.6: Lower Extremity

Lower extremity: Tubular release of knee using heel-to-hip 
approach (twist of knee trauma with a stable knee) (Fig. 47.37).

Place the patient in the supine position and stand at the foot 
of the table.

Grasp the heel placing it in the palm of your outside hand and 
grip the calcaneous between your hypothenar eminence and fi ngers 
keeping the leg on the table. Place your other hand on the dorsum 
of the foot with your thumb wrapped under the arch.

Place the ankle in neutral position and maintain this through-
out the release. Begin the release in segments from the distal to 
proximal extremity allowing a gradual accumulative release below 
and above the injured joint.

With the above handhold, lean back placing a traction force 
into the ankle to calf and follow the stress pattern in the tissue by 
positioning of the leg, taking care to make small arc motion adjust-
ments. Continue the release with increased traction to the tibial 
plateau allowing for the positional pattern adjustments. Repeat this 
process of gradually increasing traction and following the pattern 
to the lower femur, mid femur and end at the hip.

Hold this position and have the patient take three deep breaths 
and follow the shifting pattern throughout. Return the limb to 
neutral and reevaluate motion, pain, and edema of the knee.

739.9: Abdomen/Other

Abdomen/other: Prostate release through the pelvic fl oor. Pel-
vic fl oor fascial motion is important to the proper placement and 

Figure 47-35 Sacrum and pelvis technique.

Figure 47-36

Figure 47-37 Lower extremity technique.

function of the prostate that sits on top of the diaphragm. Conges-
tion is encouraged by a lack of tone and motion in this diaphragm 
(Figs. 47.38 and 47.39).

Place the patient supine on the table and sit next the side of 
the pelvis.
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Figure 47-38 Abdomen and viscera technique.

Figure 47-39
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Osteopathy in the Cranial Field
HOLLIS H. KING48

K E Y  C O N C E P T S
■ Osteopathy in the cranial field (OCF) delineates an anatomically based understanding of range and vector of 

motion and physiologic dynamics of cranial bones and intracranial structures.
■ The primary respiratory mechanism (PRM) is a functional unit based on the accommodative actions of cranial 

articular surfaces.
■ The traditional model of OCF includes five phenomena: the inherent rhythmic motion of the brain and spinal 

cord, fluctuation of cerebrospinal fluid, mobility of intracranial and intraspinal membranes, articular mobility of 
cranial bones, and involuntary mobility of sacrum between ilia.

■ Evidence-based research appears to support the vast majority of the PRM phenomena and the palpatory 
experience of osteopathic practitioners who utilize OCF in medical practice. Ongoing research recognizes the 
need to provide answers to more questions.

INTRODUCTION

OCF has its roots in the origins of osteopathic principles, prac-
tices, and philosophy going back as far as 1899 when William G. 
Sutherland observed a disarticulated skull and conceived the notion 
of the potential for cranial bone motion (3). It has been stated that 
Sutherland did for the head that which Still did for the rest of the 
body, which was to delineate an anatomically based understanding 
of range and vector of motion and physiologic dynamics of cranial 
bones and intracranial structures. Sutherland’s cranial anatomic 
observations and applications of the osteopathic structure-function 
tenet regarding cranial neuroanatomy have had reported benefi t in 
clinical practice and have the potential to revolutionize the treat-
ment of many neurological disorders. This chapter surveys the key 
concepts of OCF, its clinical applications, and the research under-
lying its theory and clinical applications.

HISTORY

William G. Sutherland, D.O., D.Sc. (Hon) (1873 to 1954), was 
an early student of Dr. A.T. Still. Sutherland graduated from the 

CASE STUDY

R.R. is a 26-year-old female who presents with right-sided 
facial weakness, which she said she had for 1 week, accompa-
nied by a dulled sense of taste and some trouble hearing. She 
reported that the day before the onset of symptoms she had 
been up all night studying. Her medical history was notable for 
an incident of facial weakness that lasted for one month when 
she was 7 years old. The physical exam revealed weakness of 
her right eyelid with delayed blinking, along with right-sided 
facial droop and lips that remained flat on the right side when 
she attempted to smile. The patient’s appearance was most 
notable for facial asymmetry with decreased tone on the right 
side. The structural exam also revealed a side-bending/rotation 
dysfunction on the right side of the cranium. Cervical vertebrae 
C2 and C5 were side-bent and rotated right. The diagnosis of 
Bell palsy was made and osteopathic manipulative treatment 
(OMT) applied.

The OMT applied integrated muscle energy, myofascial 
release, soft tissue, and cranial manipulation. The patient’s 
right anterior innominate was treated with muscle energy until 
symmetry of innominates was achieved. Thoracic outlet and 
respiratory diaphragms were treated with myofascial release, 
followed by thoracic lymphatic pump. Cervical rotation dys-
functions were treated with muscle energy. The suboccipital 
area was treated with soft tissue, occipitoatlanta, and condy-
lar decompression techniques that lead to application of the 
Galbreath treatment (1) for mandibular drainage, which sup-
ports lymphatic drainage and temporal bone-related structure 
alignment. Finally, osteopathy in the cranial field (OCF) was 
used to balance the cranial intradural tension membranes and 
promote symmetry in temporal bone and sacral motion. The 
cerebellar tentorium served as the focus of this treatment because 
of its attachments—specifically its lateral attachments to the 
temporal bones along the petrous ridge enclosing the superior 
petrosal sinuses, its posterior attachments to the occipital bone 
forming the transverse sinuses, and its apical attachment to the 
cerebral falx forming the straight sinus.

The day after the treatment, the patient reported that most 
of her muscle tone had returned and her sense of taste was nor-
mal again. She received a second treatment, and one week after 
the second treatment, the patient was asymptomatic.

Central to the success of this case is the knowledge of the 
anatomy of the facial nerve as it traverses the temporal bone. 
The facial nerve exits the cranium through the stylomastoid 
foramen to give rise to six terminal branches leading to the 
muscles of facial expression. This anatomic knowledge allowed 
the deduction to be made that the patient’s lesion was most 
likely at the chorda tympani. This deduction was also sup-
ported by the patient’s altered sense of taste and auditory dis-
turbances.

For further information on this interesting case, refer to 
the article upon which it is based (2).
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Dr. Sutherland’s discovery and teachings have supplied 
knowledge and methods that clarify and expand on the science of 
osteopathy. Prior to Dr. Sutherland’s work, the body was treated as 
if the head was incapable of having somatic dysfunction.

OCF is osteopathy of the entire person because the inher-
ent force that manifests from within the head region functions 
throughout the body. Therefore, this form of diagnosis and treat-
ment affects the whole person rather than being limited to the 
cranium. Furthermore, the position of the head atop the vertebral 
column affects the postural balance of the entire neuromusculosk-
eletal system. For example, if the cranial bone structures have been 
brought into a state of imbalance through trauma, the cranium will 
cause compensatory changes throughout the neuromusculoskeletal 
system in order to keep the equilibrium apparatus effi cient in its 
function.

Progression and Integration of OCF in Medical 
Education and Clinic Practice

The teaching and practice of OCF was continued after Sutherland’s 
death by the Sutherland Cranial Teaching Foundation (SCTF) and 
The Cranial Academy. In the past 55 years of teaching and practice 
of OCF, there emerged a number of leaders who have preserved 
and advanced Sutherland’s cranial concept through their teachings 
sponsored by these organizations. Magoun, D.O., wrote Osteopathy 
in the Cranial Field (6), a text that for many years has been a pri-
mary reference for those studying OCF. Howard Lippincott, D.O., 
and his wife Rebecca Lippincott, D.O., taught with Sutherland for 
many years and published the fi rst work on ligamentous articular 
strain based on Sutherland’s teaching (7,8). Rollin E. Becker, D.O., 
succeeded Lippincott, D.O., as President of the SCTF and was 
considered the leading teacher of OCF for many years. His writ-
ings are also a primary reference for those studying OCF (9,10). 
Robert C. Fulford, D.O., was a contemporary of Becker and also 
studied with Sutherland; his writings elaborate many cranial prin-
ciples and elucidate many of the subtle aspects of OCF (11–13). 
Anne L. Wales, D.O., along with her husband Chester Handy, 
D.O., taught OCF with Dr. Sutherland and she brought into print 
many of Sutherland’s recorded lectures (14). Beryl E. Arbuckle, 
D.O., was a pediatrician and researcher who, as part of her research 
on OCF, attended hundreds of autopsies at the hospital of Phila-
delphia College of Osteopathic Medicine. These autopsies involved 
gross or microscopic study of the skull. Dr. Arbuckle was noted 
for her application of OCF on special needs children, particularly 
those with cerebral palsy (15). Viola M. Frymann, D.O., F.A.A.O., 
was also a student of Sutherland and has championed OCF with 
children (16). She has been instrumental in teaching and research 
on OCF internationally as well as in the USA (17,18). Edna M. 
Lay, D.O., F.A.A.O., has also been a leader in teaching OCF and 
working with children, and her writings have shaped the form of 
this very chapter in previous editions (19).

The insights and techniques derived by Dr. Sutherland’s expan-
sion of basic osteopathic principles are increasingly integrated into 
osteopathic teaching and clinical care (20–22). The International 
Classifi cation of Disease, Ninth Revision (ICD-9-CM), delineates 
coding for somatic dysfunction of the cranium, and Current Proce-
dural Terminology provides coding for OMT of the head. In recent 
years, the American Osteopathic Association (AOA) has received 
numerous research grant proposals from both clinicians and basic 
scientists to study the mechanisms and/or effi cacy of this approach; 
the AOA has funded several of these projects (23–26).

Instruction in OCF, also commonly referred to as cranial oste-
opathy (CO), has been a part of standard training in departments 

American School of Osteopathy in Kirksville, Missouri, in 1899. 
While a student, he observed a mounted disarticulated skull. The 
sphenoid and the squamous portions of the temporal bones caught 
his attention, and he states, “As I stood looking and thinking in 
the channel of Dr. Still’s philosophy, my attention was called to 
the beveled articular surfaces of the sphenoid bone. Suddenly there 
came a thought; I call it a guiding thought—beveled like the gills of 
a fi sh, indicating articular mobility for a respiratory mechanism.”3 
He dismissed the thought but it kept returning, as if goading him 
to study the details of the various articulations of the skull.

Sutherland was an original thinker, and his application of 
Still’s philosophy is recognized as “one of the most innovative ideas 
to be advanced by a member of the osteopathic profession” (4). 
Anatomy books at that time stated that the sutures of the cranium 
were immovable. This, however, did not deter Sutherland. He was 
determined to understand why the articular surfaces have such 
a unique design, and he persevered until he understood that the 
design was accommodative to the function of the central nervous 
system (CNS), cerebrospinal fl uid (CSF), and dural membranes, 
all of which function as a unit. He named this functional unit the 
primary respiratory mechanism (PRM).

Sutherland established his practice in Minnesota and devoted 
30 years to study, original research on himself, and observation of 
his patients before he began to share his discovery with his col-
leagues. The remarkable results he obtained with patients aroused 
the interest of other physicians. They prevailed upon him to teach 
them his method of treatment. He agreed to do so, and classes 
began at his home. The classes and the interest grew, slowly but 
steadily, because those who were able to learn the concept and 
apply this method of osteopathic diagnosis and treatment had sim-
ilar results of relieving patients of pain and distressful conditions 
when other forms of treatment failed to help.

Development of the Concept

As more physicians studied and practiced Sutherland’s method of 
osteopathic treatment, they formed an organization, the Osteopathic 
Cranial Association, for the purpose of joining together to promote 
further study, support research, and publish literature to help edu-
cate physicians and laypersons. This membership organization later 
changed its name to the Cranial Academy and became a component 
society of the American Academy of Osteopathic Medicine.

Another, little known, pioneer of the cranial concept was 
Charlotte Winger Weaver, D.O. (1884–1964), a 1912 graduate of 
the American School of Osteopathy. Dr. Weaver was reintroduced 
to the profession by Margaret A. Sorrel, D.O., in the 1998 Suther-
land Memorial Lecture. Dr. Weaver considered the cranial bones 
as modifi ed vertebrae possessing articular surfaces and she taught 
her concepts through the Doctor Weaver Foundation established 
in 1927. Dr. Weaver did many dissections of skulls and dural mem-
branous structures, and she had a special interest in the relationship 
between lesions of the basicranium and neuropsychiatric disorders. 
She taught that the basicranium could be distorted by birth trauma. 
Apparently, Dr. Sutherland knew Dr. Weaver, but their researches 
into the cranium were from two different perspectives and done 
independently (5).

In 1953 Dr. Sutherland, with Drs. Chester Handy and 
Harold I. Magoun, Sr, established the Sutherland Cranial Teaching 
Foundation, Inc., for the purpose of continuing the teaching of the 
cranial concept. Dr. Sutherland had established that an accurate 
diagnosis and successful treatment required sensitive and profi cient 
palpation that could not be learned from a book; expert instructors 
using hands-on teaching and repeated verifi cation were needed.
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in the CNS of man and it runs on a mere 25 W of electrical power” 
(6, p. 23). As the cerebral hemispheres develop in fetal life, they 
grow, lengthen, and curl or coil within the developing cranium in 
the shape of a pair of ram’s horns. Specifi c motion characteristics 
of cranial palpation are attributed to this confi guration of brain 
structures.

Since the publication of Magoun’s text, the delineation of 
embryological development principles by Jealous (28), based in 
large measure on the work of Blechschmidt(29,30), has increased 
the understanding of Sutherland’s formulation of the PRM and 
enhanced the detailed application of OCF in clinical practice 
through the appreciation of the anatomic positional changes of 
human structures as they develop from embryonic to adult human 
confi guration and location.

Fluctuation of Cerebrospinal Fluid

The CSF is formed by the choroid plexuses and circulates through 
the ventricles, over and around the surface of the brain and spinal 
cord through the subarachnoid spaces and cisternae and is reab-
sorbed in the choroid plexus. Thus, the CSF is inside and outside 
of the CNS, bathing, protecting, and nourishing it. Fluctuation 
is defi ned as a wavelike motion of fl uid in a natural or artifi cial 
cavity of the body observed by palpation or percussion (31). From 
the perspective of Sutherland’s concept of the PRM, as the CNS 
shortens and lengthens in a biphasic rhythmic motion, the ven-
tricles of the brain change shape slightly and the fl uid moves con-
currently. Furthermore, the combined motility of the CNS and the 
fl uctuation of CSF manifests as a hydrodynamic activity as well as 
a bioelectric interchange throughout the body. Stated simply, this 
combined activity of the CNS and CSF functions both as a pump 
and as a bioelectric generator. Recording of the bioelectric fl ow in 
fascia and connective tissue is in the piezoelectric range (32).

Mobility of Intracranial and Intraspinal Membranes

The meninges surround, support, and protect the CNS. The dura 
mater, the outermost of the three meningeal coverings, is composed 
of two layers of tough fi brous tissue. The outer layer of dura mater 
lines the cranial cavity, forming a periosteal covering for the inner 
aspect of the bones, and extends through the sutures of the skull 
to become continuous with the periosteum on the outer surface of 
the skull.

The inner layer of dura mater covers the brain and spinal cord 
and has reduplications named the falx cerebri and the tentorium 
cerebelli. These sickle-shaped structures arise from a common ori-
gin along the straight sinus and invest the various bones of the 
cranium. The two layers of dura mater are blended or fused in cer-
tain areas and are separated in other areas, forming the intradural 
venous sinuses.

The dura mater extends down the spinal canal with fi rm 
attachment around the foramen magnum and in the spinal canal of 
the sacrum at the level of the second sacral segment. There are also 
occasional attachments at C2 and C3 and the lower lumbar. The 
falx cerebri arises from the straight sinus, attaching to the occiput, 
parietals, frontals, and the crista galli of the ethmoid. The two 
halves of the tentorium cerebelli arise or originate at the straight 
sinus and attach to the occiput, temporals, and sphenoid bone.

The spinal and cranial dura with its reduplications respond to 
the inherent motion of the CNS and fl uctuation of CSF and move 
through the biphasic cycle, infl uencing the bones of the cranium 
and the sacrum. Sutherland named this functional anatomic unit, 
consisting of the dura mater within the cranium and spinal canal, 

of osteopathic principles, practice, and manipulative medicine in all 
osteopathic medical schools. Concepts and terminology pertaining 
to OCF/CO have been developed and defi ned by the Educational 
Council on Osteopathic Principles of the American Association 
of Colleges of Osteopathic Medicine. They have been published 
in the Glossary of Osteopathic Medical Terminology, which is 
updated annually and is easily accessed online (27).

As the federally recognized accrediting body for residency 
training programs within the osteopathic medical profession, the 
AOA has approved the Basic Standards for Residency Training in 
Neuromusculoskeletal Medicine and Osteopathic Manipulative Treat-
ment. OCF/CO is one of the OMT models within these basic 
standards. The AOA also is the federally recognized body charged 
with approval of certifying boards within the osteopathic medi-
cal profession. The AOA has chartered the American Osteopathic 
Board of Neuromusculoskeletal Medicine. This certifying board 
administers written, oral, and practical examinations that include 
items relating to OCF/CO. Questions pertaining to principles of 
OCF/CO appear on the written portions of the Comprehensive 
Osteopathic Medical License Examination (COMLEX-USA) 
administered by the National Board of Osteopathic Medical 
Examiners, and COMLEX-USA results are accepted for medical 
licensure in all 50 of the United States.

PRIMARY RESPIRATORY MECHANISM

Central to Sutherland’s cranial concept is his integration of ana-
tomic structure and physiologic processes into the PRM model. 
Many components of this model have garnered scientifi c verifi ca-
tion over the last 3 decades while the rest, though plausible, await 
empirical demonstration.

Primary refers to fi rst in importance and precedes thoracic 
respiration in importance. Dr. Sutherland posited that physiologic 
centers, located in the fl oor of the fourth ventricle, which regulate 
pulmonary respiration, circulation, digestion, and elimination, and 
depend on the function of the CNS, were primary in the mainte-
nance of life (6) Respiratory refers to the exchange of gases and 
other metabolites at the cellular level. Mechanism implies an inte-
grated machine, each part in working relationship to every other 
part. The PRM is described as having fi ve anatomic-physiologic 
components, also often referred to as the fi ve phenomena of OCF. 
These fi ve components or phenomena are described in the follow-
ing sections and include:

1. The Inherent Rhythmic Motion of the Brain and Spinal Cord
2. Fluctuation of Cerebrospinal Fluid
3. Mobility of Intracranial and Intraspinal Membranes
4. Articular Mobility of Cranial Bones
5. Involuntary Mobility of Sacrum Between Ilia

The Inherent Rhythmic Motion of the 
Brain and Spinal Cord

The inherent motion of the CNS is a subtle, slow, pulse-wavelike 
movement. It is described as having a biphasic cycle, which may 
have a rhythmic nature. The entire CNS shortens and thickens 
during one phase and lengthens and thins during the other (6). 
In words still relevant today, Lassek described the brain as being 
“vibrantly alive … incessantly active … dynamic … highly mobile, 
able to move forward, backward, sideward, circumduct and to 
rotate.” He further stated, “The normal, human brain is a won-
drous, enormously complex, master organ which can be only made 
by nature. There are probably approximately twenty billion neurons 
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with internal rotation of the bilateral structures 10 to 14 times/min 
throughout life.”

RESEARCH INDICATIVE OF THE PRIMARY 
RESPIRATORY MECHANISM

The Inherent Rhythmic Motion of the Brain 
and Spinal Cord

Much of the support for this phenomenon of the PRM derives 
from research done in basic science and medical laboratories out-
side the osteopathic profession. That the CNS anatomy moves 
has been proven and is not a matter of controversy. Representative 
studies demonstrating brain and spinal cord motion characteristics 
are presented next.

Greitz et al. (34), utilizing magnetic resonance imaging (MRI) 
technology, demonstrated brain tissue movement characterized by 
a caudal, medial, and posteriorly directed movement of the basal 
ganglia, and a caudad and anterior movement of the pons during 
cardiac systole. The resultant movement vectors created a “funnel 
shaped” appearance to the brain resulting in a “piston-like” remold-
ing of the brain. The authors felt that this “piston-like” action of 
the brain during cardiac systole was the driving force responsible 
for compression of the ventricular system and thus the driving force 
for the intraventricular fl ow of cerebral spinal fl uid.

Enzmann and Pelc (35) demonstrated brain motion during the 
cardiac cycle utilizing a similar MRI technology. Peak displace-
ment of the brain ranged from 0.1 to 0.5 mm, except the cerebellar 
tonsils that demonstrated a displacement of 0.4 mm.

Poncelet et al. (36), using echo-planar MRI, were able to dem-
onstrate pulsatile motion of brain parenchyma. Brain motion in 
Poncelet’s study appeared to consist of a single displacement during 
systole and a slow return to baseline confi guration during diastole. 
This displacement includes a descent of midbrain and brainstem 
toward foramen magnum with velocities ≤2 mm/s and medial 
compression of thalami onto the third ventricle with a velocity of 
≤1.5 mm/s.

Feinberg and Mark (37) postulated that the pulsatile nature of 
CSF fl ow and brain motion was driven by the force of expansion of 
the choroid plexus. In their study, which involved observations of 
pulsatile brain motion via MRI, ejection of CSF into the ventricles 
occurred simultaneously with reversal of CSF fl ow in the basal cis-
terns. These observations suggest that the pumping force for CSF 
circulation may be a vascularly driven mechanism. They reported 
the velocity of anterior cortex and corpus callosum movement is 
0.4 ± 0.25 mm/s and motion velocity of the basal ganglia and fora-
men of Monro is 0.63 ± 0.5 mm/s.

Maier et al. (38) demonstrated periodic brain and CSF motion 
associated with periodic squeezing of the ventricles due to the 
compression of the intracranial vasculature. They reported peak 
velocities up to 1 mm/s followed by a slower recoil. Having the 
subject do a Valsalva maneuver (exert pressure as if trying to def-
ecate), the brain stem showed initial caudal and subsequent cranial 
displacement of 2 to 3 mm. Coughing produced a short swing of 
CSF in the cephalic direction.

Mikulis et al. (39) demonstrated movement of the cervical 
spinal cord in an oscillatory manner, conducted in a craniocaudal 
direction during cardiac systole. They also reported maximum rate 
of oscillation as 7.0 mm/s ± 1.4.

These dimensions of motion of cranial and spinal CNS struc-
tures suggest that the intracranial structures may not move as far or 
as fast as spinal cord structures, but these structures do all manifest 
motion of a precise measurable nature. This motion appears to be 

the reciprocal tension membrane (RTM) (6). It has also been 
referred to as the “core link” (6) because of the potential to transmit 
biomechanical forces by linking the cranium to the sacrum. Infl u-
ences such as trauma and postural strains that affect one part of the 
mechanism have been clinically observed to affect other parts of 
the body via this “core link.”

Articular Mobility of Cranial Bones

The most dramatic and debated phenomenon of the PRM has 
been the articular mobility of the cranial bones. Careful study of the 
design of the various articulations of the cranium and face and the 
RTM and its infl uence on the motion of the bones led Sutherland 
to an appreciation of the mechanical design of this anatomy and 
their relationship of the inherent motility of the CNS and CSF. 
At birth, the cranial bones are smooth-edged osseous plates with 
membrane and/or cartilage between them. With normal growth 
and motion of intracranial structures, the edges of the cranial bone 
plates develop and come together with sutures (joints) between 
them. These sutures allow for a minimal amount of motion while 
still providing protection for the brain. The remaining debate on 
the PRM model and research in support of the model are reported 
below.

Involuntary Mobility of Sacrum Between Ilia

The cranial dura is continuous with the spinal dura; the spinal dura 
extends through the vertebral canal into the sacral canal, attaching 
at the level of some cervical and lumbar segments and the second 
sacral segment. Careful study of the design of the articular surfaces 
reveals that the sacrum may move on one or several postural axes 
in relation to the ilia (pelvic bones). In addition to these voluntary 
or postural movements, the sacrum also responds to the inherent 
mobility of the CNS, to the fl uctuation of the CSF, and to the pull 
of the intracranial and intraspinal membranes with an involuntary 
movement that can be observed by palpation in the living body. 
This slight rocking motion occurs around a transverse axis (called 
the respiratory axis). Normally, the involuntary motion of the 
sacrum is synchronous with the involuntary motion of the occiput, 
each bone being infl uenced by the rhythmic pull of the spinal and 
cranial dura mater.

Appreciation of the fi ve phenomena of the PRM in theoreti-
cal and practical terms requires an integration of the anatomic and 
physiologic factors substantiated by empirical research, and expe-
rience-derived applications are discussed subsequently. It may help 
to visualize this physiologic unit of function with all fi ve compo-
nents moving slightly but steadily in the living body from before 
birth until death. Becker (33, p. 57) summarizes its infl uence on 
the total body economy as follows, “Health requires that the PRM 
have the capacity to be an involuntary, rhythmic, automatic, shift-
ing suspension mechanism for the intricate, integrated, dynamic 
interrelationships of its fi ve elements. It is intimately related to the 
rest of the body through its fascial connections from the base of the 
skull through the cervical, thoracic, abdominal, pelvic, and appen-
dicular areas of the body physiology. Since all of the involuntary 
and voluntary systems of the body, including the musculoskeletal 
system, are found in fascial envelopes, they, too, are subjected to the 
10 to 14 cycle-per-minute rhythm of the craniosacral mechanism 
in addition to their own rhythms of involuntary and voluntary 
activity. The involuntary mobility of the craniosacral mechanism 
moves all the tissues of the body minutely into rhythmic fl exion of 
the midline structures with external rotation of the bilateral struc-
tures and, in the opposite cycle, extension of the midline structures 
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Anatomic connection between CSF fl ow and the lymphatic 
system, a long-held hypothesis in OCF practice, appears to have 
been established. Research by Walter et al. (50) in which india ink 
particles injected into rat subarachnoid space were found distributed 
around the olfactory nerves and within the lymphatic vessels. The 
authors state, “This anatomical communication, thus, allows the 
CNS to connect with the lymphatic system. The presence of the 
route may play an important role in the movement of antigens from 
the subarachnoid space to the extracranial lymphatic vessels, result-
ing in inducement of an immune response of the CNS” (50, p. 388).

Based on the widely accepted nature of the fl uctuant fl ow of 
CSF as demonstrated by decades of research and clinical applica-
tion, this phenomenon of the PRM appears to be supported by the 
evidence and is not controversial.

Mobility of Intracranial and Intraspinal Membranes

The existence of the dura mater membrane around the brain and 
spinal cord is well documented and utilized in anatomic research 
and medical practice. Every medical student and anatomist who 
has dissected the central nervous has seen this membrane. Every 
physician who has done a lumbar puncture (or spinal tap) has felt 
the “pop” as the needle penetrates the dura in the procedure to 
obtain a sample of CSF. Those who practice OCF utilize this anat-
omy to treat cranial and cervical malalignment from the sacrum, 
or sacral malalignment from the base of the skull. These types of 
treatment are believed to be possible because of the hypothesized 
direct connection between the cranium and sacrum in the form of 
the dural membranes.

As a phenomenon of the PRM, the RTM anatomy has been 
proven useful by many clinicians in practice, but has received criti-
cal review even by cranial practitioners (51,52). Norton reported 
insignifi cant correlation between PRM rates palpated simultane-
ously at the cranium and sacrum (51). Chaitow (52) reported dif-
ferent length measurements for the spinal canal when a person was 
forward bent versus backward bent. While these reservations raise 
questions yet to be answered, other experimental and anatomic 
fi ndings tend to lend support to the concept that dural membrane 
linkage between the sacrum and cranial base may be correct and 
have clinical value.

Kostopoulos and Keramidas (53) utilized a novel approach to 
anatomic research on a male cadaver that had been embalmed for 
6 months. The brain tissue was removed through two cut windows, 
leaving intact the intracranial dural membranes. The measurement 
used was a piezoelectric element attached to the falx cerebri with 
the motion recorded by oscilloscope. Application of the frontal lift 
cranial treatment maneuver then produced a 1.44-mm elongation 
of the falx cerebri and a parietal lift maneuver produced a 1.08-mm 
elongation. Even on embalmed tissue, application of the sphe-
nobasilar compression maneuver produced a −0.33 mm movement, 
and the sphenobasilar decompression maneuver a +0.28 mm move-
ment of the falx cerebri. The Kostopoulos and Keramidas data sug-
gest that for cranial structures there is an identifi able association 
between cranial maneuvers applied to the cranium and the move-
ment of cranial dural membranes.

Based on MRI imagery of in vivo kinematic analysis of head 
and neck position in extension and fl exion positions, Zhu et al. 
(54) reported relative displacements of brain with respect to skull 
as the head position changes. The displacements were on the order 
of 1 to 2 mm when the head changed positions voluntarily. The 
authors state, “These displacements over the normal range of head/
neck fl exion suggest free interfacial conditions between brain and 
skull” (54, p. 2).

related to the vascular dynamics of the circulatory system and the 
cardiac cycle. This element of the PRM is not controversial as such 
motion has been well studied and established.

The PRM also postulates a deep cellular level, life-sustaining 
respiratory function that contributes to the rhythmicity of the 
PRM. Rhythmic motion suggestive of such a phenomenon has been 
identifi ed in animals and possibly humans. As long ago as 1951, 
oligodendrocyte tissue from rat corpus callosum was placed in tis-
sue culture medium and photographed by ciné-photomicrography 
(40). The authors state, “These cells show a characteristic rhythmic 
pulsatility apparently identical with that described in 1935 by Canti 
et al. (41) in the case of oligodendrocytes obtained from in culture 
from oligodendroglioma of the human brain. We believe also that 
we have seen similar cells in a few tissue culture preparations from 
the cortex of the normal human brain.” (41, p. 114) In 1957, Wolley 
and Shaw (42) reported rhythmic contractions of the oligodendro-
glial cells of brain and spinal cord. In the early 1960s, Hyden (43) 
reported that glial cells, grown in a culture, pulsate continuously.

Using more modern technology, Vern et al. (44) were able to 
measure rhythmic oscillatory patterns related to intracellular oxi-
dative metabolism in the cat and rabbit. They demonstrated a syn-
chronous rhythm at about 7 cycles/min for the creation and then 
utilization of cytochrome oxidase within the cells of the cortex of 
the test animal subjects. Dani et al. (45) showed active waves of 
astrocytic Ca2+ in the rat hippocampus in response to neural activ-
ity. Propagation of the calcium wave was usually within 5 to 6 sec-
onds from the beginning of neural stimulation, and under constant 
stimulation produced waves at the rate of 2/min. The fi ndings of 
these studies are indicative of a regular periodicity propagated by 
biochemical activity of astroglia.

Whether or not there is any biomechanical impetus to the pal-
pable characteristics of the PRM by cellular and intracellular activ-
ity, motility as well as mobility possibly associated with a primary 
respiration process has been identifi ed.

Fluctuation of Cerebrospinal Fluid

That the CSF moves in a fl uctuant fl ow pattern through the ven-
tricles of the brain and within the subarachnoid space around the 
brain and spinal cord is also a noncontroversial and well-established 
phenomenon. In fact, much of research cited above, which dem-
onstrated the motion of the brain and spinal cord, also identifi ed 
features of the CSF fl uctuant fl ow.

Summarizing over a century of research DuBolay et al. (46, 
p. 497) stated, “The majority of workers throughout these seven 
decades have become convinced that the ‘cardiac’ CSF pressure rise 
measured in the ventricles, at the cisterna magna and in the lum-
bar theca, is caused by the rhythmic arterial input of blood to the 
cranial cavity.” DuBolay further states, “Most authors, e.g., Becher 
(47), had envisaged the arterial infl ow to the head as causing an 
expansion of the brain and of the vessels within the basal cisterns. 
O’Connell (48) suggested that the brain’s expansion, by compress-
ing the third ventricle, might constitute a CSF pump.”

Of particular interest to the OCF practitioner is the effect of 
spinal dural membranes (the third listed phenomenon of the PRM 
discussed below) on the fl ow of CSF. Levy et al. (49) reported that 
in healthy people the spinal CSF fl ow rate was 12.4 ± 2.92 mm/s. 
In patients with spinal dysraphism (conditions like spina bifi da), 
the rate is much slower at 2.12 ± 1.69 mm/s. In patients with spi-
nal cord compression (such as from traumatic injury or tumors), 
the rate was also slowed at 1.87 ± 1.4 mm/s. They concluded fur-
ther that, “The origin of cord pulsations is compatible with a direct 
transfer of motion from brain pulsations.”
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the fusion and inherent immobility of cranial bones. Most often 
cited are the works of Bolk (59), Melsen (60), Perizonius (61), 
Cohen (62), and Sahni et al. (63) all of whom state or are reported 
to have held the view that cranial sutures were fused and immobile. 
Based on thorough examination of this debate, it may turn out that 
this view has been an anatomic version of “the world is fl at” debate 
of the last millennium.

With the exception of Bolk (59), all of the aforementioned 
anthropologists and anatomists cite as precedent for their work, 
that of Todd and Lyon (64,65) as central to the idea that cranial 
bones fuse and therefore are immobile. There is reason to ques-
tion Todd and Lyon’s conclusions based on a close reading of their 
lengthy manuscripts. Paul Dart, M.D. (66) states, “In interpreting 
this data, it must be noted that Todd and Lyon were attempting 
to establish ‘modal’ norms for sutural closure, and they discounted 
data that was clearly out of the modal pattern before creating their 
summary. 11.7% of their 307 white male specimens and 25.8% of 
their 120 negro male specimens were excluded from the data due to 
prolonged sutural patency.”

Further reason to question the concept of universal sutural 
fusion was given by Singer (67). He found a high percentage of 
specimens with much less closure than Todd and Lyon’s norms, 
including a 64-year-old specimen with no closure at sagittal, lamb-
doid, or left coronal sutures and three specimens aged early 40s 
with virtually no sutural closure in the coronal, lambdoid, or sagittal 
sutures. Also in the 1950s, Pritchard et al. commented to the effect 
that “Obliteration of sutures and synostosis of adjoining bones, if 
it happens at all (italics added), occurs usually after all growth has 
ceased. In great apes synostosis of all sutures occurs immediately 
after growth has ceased, but in man and most laboratory animals 
sutures may never completely close. These differences have been 
attributed to the differences in the degree of development of the 
masticatory apparatus” (68, p. 81).

A recent article by Sabini and Elkowitz (69) gives pictorial and 
systematic review of 36 human cadaver skulls ranging in age from 
56 to 101 years, all well above the age when bone growth is com-
plete. Twenty-six of the skulls showed more than 100% obliteration 
of the coronal suture, 31 of the skulls had unobliterated lambdoidal 
sutures, and 24 of the skulls had unobliterated sagittal sutures. The 
lambdoidal suture was the least fused on a majority of the skulls and 
the attachment of musculature on the occipital bone was cited as 
the probable cause of maintaining sutural patency. Similar to Prit-
chard et al. (68) Sabini and Elkowitz speculated that the chewing 
motion contributes to muscular tension on the bones, maintaining 
some degree of sutural patency. The endocranial (inner) surface of 
the skull was not evaluated so that no estimate of through and 
through fusion of each suture could be made. However, the fi nd-
ing of a signifi cant amount of sutural patency (nonfusion) certainly 
brings into question the idea that all cranial sutures are fused and 
therefore cannot move.

Prior to the Sabini and Elkowitz publication, the work of Ret-
zlaff and associates dealt directly with the nature of cranial suture 
morphology and cranial bone motion. Retzlaff et al. (70, p. 663) 
state, “Gross and microscopic examination of the parieto-parietal 
and parieto-temporal cranial sutures obtained by autopsy from 17 
human cadavers with age range of 7 to 78 years shows that these 
sutures remain as clearly identifi able structures even in the oldest 
samples.” Retzlaff et al. (71) identifi ed sutural elements contradict-
ing ossifi cation and demonstrated the presence of vascular and neural 
structures in the sutures. These studies also showed the presence of 
nerve and vascular tissue substantial enough to supply the needs of 
connective tissue activated beyond mere bony sutural adhesions and 
ossifi cation. Additionally, Retzlaff et al. (72) traced nerve endings 

A possible connection between the cranial structure motion 
and sacral motion was identifi ed by Zanakis et al. (55). Utilizing 
infrared surface skin markers positioned over the subject’s parietal 
and frontal bones, cranial bone motion was observed utilizing a 
three-dimensional kinematic motion sensitive system. During the 
study, there was simultaneous palpation of the sacrum by an expe-
rienced examiner. The fi ndings reported a 92% correlation between 
the examiner who signaled perception of the fl exion phase of sacral 
movement via a foot-activated switch and the movement of the 
cranial bone markers.

Given the relatively small numbers of subjects in both of the 
empirical studies (51,55) and the diffi culties inherent in ascertain-
ing reliable palpatory data (56), it appears that indeed further study 
is needed before the RTM concept can be established empirically. 
The implications of anatomy-based, spinal canal length differences 
in forward versus backward bending are also in need of further 
study.

Therefore, while there is no doubt as to the existence of the 
continuity of dural membranes around the CNS, the clinical appli-
cations of this anatomy, as postulated by the concept of the PRM, 
are in need of further validation. However, from the perspective of 
OCF practitioners who report treatment success using this particu-
lar formulation of OCF, there is little doubt of the clinical applica-
bility of the cranial to sacral connection of the dural membranes.

Articular Mobility of Cranial Bones

The most controversial phenomenon of the PRM from a scientifi c 
perspective is the concept of palpable cranial bone motion. Misgiv-
ings have been expressed based primarily on the assumed anatomic 
impossibility of such motion (57,58). However, cranial sutures are 
constructed in such a way that motion is possible beyond simple 
bony compliance (Fig. 48.1). The basis of the traditional anatomic 
concept of cranial bone immobility is derived primarily from forensic 
anthropology research done to estimate the age of skeletal remains. 
However, there is a growing body of literature that brings into ques-
tion this long-held anatomically based perspective. The challenge 
to the position that cranial bones are incapable of motion is based 
on examination of the basis for this conclusion in the fi rst place and 
empirical evidence of cranial bone motion in the second place.

To appreciate the conceptual challenge implied by the concept 
of cranial bone motion, it is important to know that in the last cen-
tury respected scientists, anatomists, and anthropologists posited 

Figure 48-1 Histology of cranial sutures. (From Magoun HI. Oste-
opathy in the Cranial Field. 2nd Ed. Kirksville, MO: Journal Printing 
Company, 1966, with permission.)
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described above in glial cells. After being introduced to OCF by 
Frymann, D.O., Moskalenko and associates carried out several 
studies that showed cranial bone motion. One utilizing NMR 
tomograms, showed cranial bone motion between 380 mm to 
1 mm, and cranial cavity volume increases by 12 to 15 mL, with a 
rhythmicity of 6 to 14 cycles/min (83). This work was followed by a 
study utilizing bioimpedence measures and transcranial ultrasound 
Doppler echography to demonstrate slow oscillations of the cranial 
bones at 0.08 to 0.2 Hz (84). Moskalenko demonstrated that these 
oscillations, “…were of intracranial origin and were related to the 
mechanisms of regulation of the blood supply to and oxygen con-
sumption by cerebral tissue, as well as with the dynamics of CSF 
circulation” (84, p. 171). Moskalenko and Frymann have carried 
this work into a formulation of a theory that explains the physiol-
ogy of the PRM (85).

In the mid-1990s, NASA was also concerned about intracra-
nial fl uid volume changes in astronauts in space. NASA carried out 
research and developed an ultrasound device, pulse-phase locked 
loop (PPLL), with sensitivity to 0.1 mm, to more precisely assess 
intracranial anatomy and physiology (86). This NASA team at the 
Ames Research Center carried out a series of studies (87–90).

On two fresh cadavera (<24 hours post mortem), female 83 
and male 93, ICP pulsations were generated manually by infusing 
saline into the intracranial ventricular system at a rate of 1 cycle/s 
(1 Hz) (87). In this study, an increase in ICP of 15 mL Hg caused 
a skull expansion of 0.029 mm, and this was interpreted by the 
authors as similar to that found by Heisey and Adams (74), Fry-
mann (78), and Heifetz and Weiss (79).

In another study, seven healthy volunteers fi tted with the PPLL 
device were placed in 60 degree, 30 degree head-up tilt, supine, 
and 10 degree head-down tilt positions. The average path length 
from forehead to occipital bone increased 1.038 ± 0.207 mm at 
10 degree head down tilt relative to 90 degree upright. “In other 
words, when intracranial pressure increases, arterial pulsation pro-
duces a higher amplitude ICP pulsation. Increased amplitude of 
ICP pulsations will be manifested by larger fl uctuations in distance 
across the skull” (88, p. 3).

Summarizing their work to a certain point, the NASA research 
team stated, “Although the skull is often assumed to be a rigid con-
tainer with a constant volume, many researchers have demonstrated 
that the skull moves on the order of a few micrometers in associa-
tion with changes in intracranial pressure” (89, p. 66). In their last 
publication in this series, they state, “…analysis of covariance rev-
eled that there was a signifi cant effect of tilt angle on amplitude of 
cranial diameter pulsation ( p < 0.001). . . . As a result, amplitudes 
of cranial distance pulsation increased as the angle of tilt decreased. 
The observed changes in cranial diameter pulsation are considered 
to be statistically signifi cant” (90, p. 883).

Contemporary Osteopathic Research on 
Cranial Bone Motion

Research comparing palpatory assessment of cranial bone motion 
with simultaneous assessment by laser Doppler fl owmetry technol-
ogy has been done. Striking correlations have been found between 
cranial palpation reports and the technologically measured physi-
ologic motion phenomena identifi ed by the laser Doppler fl owm-
etry. Nelson et al. (91–94) posit that it is the Traube-Hering and 
Meyer oscillations that they have identifi ed. Based on laser Doppler 
fl owmetry electronically recorded on humans, they described oscil-
lations that occur about 4 to 6 cycles/min. In their studies, these 
oscillations have been shown to correlate with reports of phases of 
cranial bone motion as reported by osteopathic cranial practitioners. 

from the sagittal sinus through the falx cerebri and third ventricle 
to the superior cervical ganglion in primates and mammals. That 
such structures were found in cranial sutures brings further doubt 
to the idea that these sutures fuse and are immobile.

Empirically demonstrated cranial bone motion in animals is 
well documented. Michael and Retzlaff (73) demonstrated cra-
nial bone (parietal) mobility in the squirrel monkey. In cats, pari-
etal bone motion in the range of 200 to 300 mm was induced by 
laboratory-controlled changes in the CSF volume (74–76). Jaslow 
(77) demonstrated in goat skulls (Capra hircus) that patent cranial 
sutures in adult animals may play a role in shock absorption and 
redistribution of forces directed against the skull (e.g., ballistic 
forces directed against the goat’s skull) and during chewing move-
ments. Thus, a compliant skull is a stronger, more resilient skull 
in that it is capable of absorbing and redistributing forces directed 
against it.

Research involving assessment of human cranial bone motion 
has been done by neurologists, space physiologists, osteopathic 
medical profession physicians, and basic scientists. In work later 
cited by NASA scientists, Frymann (78) developed a noninva-
sive apparatus for mechanically measuring the changes in cranial 
diameter. Cranial motion was recorded simultaneously with tho-
racic respiration. On the basis of her extensive recordings on one 
human subject, she concluded that a rhythmic pattern of cranial 
bone mobility exists and moves at a rate that is different than that 
of thoracic respiration.

In a 1981 study on two comatose patients, Heifetz and Weiss 
(79) used a strain gauge device that demonstrated cranial vault 
expansion associated with an artifi cially induced rise in intracranial 
pressure (ICP). Utilizing a head-holding device similar to Gard-
ner-Wells tongs, accompanied by a strain gauge meter, the skull 
device was inserted into the calvaria above the external auditory 
canal. The strain gauge device employed a “Wheatstone Bridge,” 
which was designed to detect any expansion of the skull of about 
0.0003 mm or greater, which when it occurred, would produce a 
voltage change of 1 mV. They performed 19 trials and each time 
ICP was artifi cially elevated, there was a voltage change. This volt-
age change indicated that the skull tong pins were being spread 
apart. This could only occur with expansion of the cranial vault.

A promising approach to assessing cranial bone motion before 
and after cranial manipulation was carried out utilizing x-rays 
(Dental Orthogonal Radiographic Analysis) on 12 subjects (80). 
The before to after changes in cranial bone position measured in 
degrees ranged from 0 to 8 degrees for atlas, mastoid, malar, sphe-
noid, and temporal bone position. The percentage of subjects with 
identifi able changes ranged 66.6% with the mastoid to 91.6 % for 
the atlas, sphenoid, and temporal bones. There are plans to expand 
this research utilizing a larger number of subjects.

Russian and United States Space Research

One of the strongest areas of research, which involved assessment 
of cranial bone motion, has been that carried out by the Russian 
and U.S. astronaut programs. The concerns that led to this research 
had to do with the nature of human response to prolonged weight-
lessness in space. Without gravity, would the human circulatory 
and CNSs function normally? In the process of assessing intracra-
nial fl uid dynamics, various types of radiographic and ultrasound 
equipment have been used to measure intracranial volume as well 
as cranial bone dimensions, and changes in these dimensions have 
been observed.

Yuri Moskalenko, Ph.D. (81,82), fi rst published research on 
cats in space that described “third order waves” similar to that 
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Furthermore, the correlation of sacral motion with cranial 
bone motion has not been established empirically (51), and may be 
related to the apparent differences in spinal canal length previously 
mentioned by Chaitow (52) who cites the work of Butler (106).

OCF Research Status

Evidence-based research appears to support the vast majority of 
the PRM phenomena and the palpatory experience of osteopathic 
practitioners who utilize OCF in medical practice. However, more 
questions need to be answered and these questions are subjects of 
ongoing research. Based on the preponderance of evidence sup-
portive of OCF, the succeeding sections will elucidate the classic 
OCF concepts taught in osteopathic medical schools and osteo-
pathic training programs worldwide.

MECHANICS OF PHYSIOLOGIC MOTION

The overall shape of the skull is that of a relative sphere with its 
inferior surface indented. The sphenoid and occiput meet to create 
this indentation, which is slightly convex on its superior surface. 
These two midline bones form the key articulation of cranial bone 
motion at the sphenobasilar symphysis (or synchondrosis) in the 
base of the skull. This is a cartilaginous union up to the age of 
25 years and thereafter has the resiliency of cancellous bone (107).

The overall motion of the cranium is similar to the motion 
of the chest during respiration, but the two do not occur simulta-
neously. Thoracic respiration occurs 12 to 16 cycles/min in adults 
and up to 44 cycles/min in newborns (108); the most frequently 
encountered motion of the PRM normally occurs 10 to 14 cycles/
min (6).

The terminology used to describe the directions of motion of 
the various bones is similar to that for the motions of the spine and 
extremities. Midline bones (the sphenoid, occiput, ethmoid, vomer, 
and sacrum) move through a fl exion phase and an extension phase 
around a transverse axis, while paired bones move through external 
and internal rotation. They are moved through this biphasic cycle 
in response to the pull or infl uence of the dural membranes, which 
are infl uenced by the coiling and uncoiling of the CNS and the 
fl uctuation of the CSF. This motion, initiated from within the liv-
ing body, is referred to as inherent motion or involuntary motion.

With fl exion of the sphenobasilar symphysis, there is slight 
increase in the convexity of the superior surface of the joint. At the 
same time, the area where the coronal and sagittal sutures join, called 
bregma, descends. Palpation in the fl exion portion of the biphasic 
cycle senses that the head widens slightly in its transverse diameter 
and shortens slightly in its anteroposterior (AP) diameter as the 
paired bones move toward external rotation. With extension of the 
midline bones, the head narrows and lengthens slightly as the bregma 
ascends, and all paired bones move toward internal rotation.

During the biphasic cycle, the osseous cranium changes shape 
slightly but allows some intracranial fl uid volume change. The 
research of Heisey and Adams (74) and Moskalenko (83) suggests 
there is enough cranial bone compliance and “sutural stretch” to 
allow as much as a 15-mL intracranial fl uid volume change.

During fl exion, the sacrum is infl uenced by the spinal dura 
and core link and moves posterosuperiorly at its base while the 
apex moves anteriorly toward the pubes. During extension, the 
base moves anteriorly and the apex moves posteriorly. This motion 
occurs around a transverse axis in the area of the second sacral seg-
ment posterior to the sacral canal and is called the respiratory axis 
of the sacrum. The other axes of sacral motion are postural axes 
(Fig. 48.2).

These investigators proposed that Traube-Hering and Meyer 
oscillations comprise all or account for most of the cranial bone 
motion palpated by cranial practitioners. To have instrumented 
recordings of physiologic activity correlated to the palpatory expe-
rience of OCF practitioners constitutes support for the PRM and 
the concept of cranial bone motion.

Another approach to examining cranial bone motion was car-
ried out by Crow et al. (95,96) This group utilized MRI imagery 
of eight slices each through the same calvarial plane on the heads 
of 20 healthy subjects. ImageJ (97) analysis from the National 
Institutes of Health showed that there were signifi cant differences 
( p < 0.003) between the means for largest and smallest cranial 
bone dimensions for area. The mean difference was 122.69 mm2 
for the area analyzed on the outer table of the cranial bones. The 
signifi cant differences in this intracranial dimension would not be 
possible if cranial bones were not capable of motion. The authors 
suggested the intracranial area change may be related to intracra-
nial fl uid volume changes.

The evidence for cranial bone motion is increasing in num-
ber and quality, but the nature of the motion has more questions 
to be answered. Commentary that holds to the “cranial bones are 
fused” perspective is particularly critical of the sphenobasilar junc-
tion mobility model (98). In answer, Cook (99), an OCF practi-
tioner with a background in engineering and computational fl uid 
mechanics, presents a plausible model based on cranial bone com-
pliance and fl exibility that would explain the palpatory experience 
of OCF practitioners.

Involuntary Mobility of Sacrum Between Ilia

That the sacrum moves in its position between the ilia is an ana-
tomical fact. It would not be possible for humans to walk or run if 
the iliosacral joints did not allow motion. It is hard to imagine, but 
for centuries it was believed by scientists of the day that the pelvis 
was a solid array of bone and that there was no independent motion 
of the sacrum.

The biomechanical dimensions of iliosacral joint motion were 
delineated by Weisl in the mid-1950s (100). Elaboration on iliosacral 
motion characteristics was done by Kissling (101) who has subjects 
perform fl exion and extension movements of the spine as well as 
one-legged stance to induce sacroiliac motion. The range of motion 
was 0.2 to 1.6 mm, with an average of 0.7 mm for males and 0.9 mm 
for females. Other research describes a number of different axes of 
sacral motion, a concept already well integrated into OMT training 
programs, with motion noted to be in the range of 1 to 3 mm (102).

As seen in the now-settled debate over sacroiliac joint motion, 
history may be repeating itself in the debate over cranial bone 
motion. It is unfortunate that today there is doubt about cranial 
bone motion despite the growing evidence for the reality of this 
phenomenon.

The controversy of sacral motion from the perspective of 
the PRM has to do with the nature of the impetus for the sacral 
motion. There is some evidence to support the contention of invol-
untary active motion of the sacrum between the ilia. Mitchell and 
Pruzzo (103–105) demonstrated a horizontal axis for sacral motion 
located anterior to the second sacral segment. Movement around 
this axis was measured at 0.9 to 4.7 mm at the sacral apex, and the 
impetus for this motion was simply breathing, which associated 
sacral motion with the normal respiratory excursion (103). While 
this research establishes normal respiratory motion as one impe-
tus for sacral motion, other research describes the sacral motion 
induced by the PRM as separate and distinct from motion caused 
by respiratory excursion (78).
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patient’s head. Have the patient move up or down on the table 
to comfortably accommodate to your relaxed posture

3. Contact the patient’s head lightly, allowing the fi ngers and part 
of the palms to gently conform to the curvature of the head. 
(It is essential that the palmar surface of all the fi ngers, but not 
the thumbs, contact the head because the nerve endings that 
sense the subtle cranial motion are proprioceptors located in ten-
dons and around joints. The numerous tactile sensors in the fi n-
gerpads are not as receptive to this motion. Even though a gentle 
and light contact is essential, it is not a fi ngertip contact.)

4. Allow your mind to become quiet and direct your attention to 
the space between your hands, allowing what is sensed by your 
proprioceptors to be perceived by your brain. Continue to stay 
relaxed; do not try to feel something. If the patient’s head has 
fairly normal motion, you may feel a slow, rhythmic swelling 
or widening followed by a receding or narrowing. This consti-
tutes one cycle of inherent motion. This cycle is usually steadily 
repeated. The motion is so mild and subtle that it may actually 
feel as if the head is breathing

Subtle motion is easier for some physicians to palpate than for oth-
ers. Some fi nd this diffi cult to sense because they try too hard. Their 
intensity is so set, their effort so strong, that they block their own 
sensorium. It is essential to be relaxed, physically, mentally, and 
emotionally. Your attitude should be similar to one who is trying to 
hear a minor sound—complete attention is given to listening.

Keep the hand contact light. Pressure by the hands will sup-
press the inherent motion and/or distract the sensors (proprio-
ceptors) in the hands. If excessive hand pressure is continued, the 
patient may get a headache.

If you have diffi culty perceiving the motion in one patient, 
try other patients. The cyclic characteristics of the motion and its 
amplitude (strength or power) usually vary from one individual 
to another. The biphasic cycle of motion of the PRM most often 
encountered occurs 10 to 14 times/min, although it can occur at 
somewhat faster or slower rates. When observing the rate, allow 
one full minute and count the number of cycles (one fl exion phase 
plus one extension phase equals one complete cycle).

Evaluating the amplitude, or quality rather than rate, of the 
PRM in patients who have clinical problems requires experience 
but has been found to be statistically possible (109) and may reveal 
the most useful clinical data about the patient. After palpating fi ve 
or ten individuals, one can determine that the strength or vitality 
of the rhythm is stronger in one or two individuals, fair or medium 
in some, and weak or poor in others. Experience with palpation has 
shown that the rate and amplitude of the PRM, when considered 
in addition to clinical knowledge of the patient’s history and symp-
toms, becomes an additional diagnostic indication of their state of 
health and is helpful in determining a prognosis.

There are many scenarios in which the rate and quality of the 
PRM may be increased slightly:

■ Following vigorous physical exercise
■ With systemic fevers
■ Following effective OMT of the craniosacral mechanism

The rate and quality of the PRM may be decreased in the follow-
ing situations:

■ Stress (mental, emotional, physical)
■ Chronic fatigue
■ Chronic infections
■ Mental depression and other psychiatric conditions (110)
■ Chronic poisoning
■ Other debilitating conditions

PALPATION OF THE PRIMARY RESPIRATORY 
MECHANISM

The inherent motion of the cranium is not visible but it is 
palpable. This motion is perceived as a subtle, soft, slight move-
ment of fl uid (CSF) and semifl uid (CNS) inside an osseous case. 
The fi rst attempts at this palpatory exercise may not reveal any-
thing, or you may feel the subject’s thoracic respiration transmitted 
through the neck to the head. If the breathing is a distraction, ask 
the patient to hold their breath for a moment. If you can still sense 
the rhythmic motion in the head, the inherent motion is coming 
from within the cranium. With palpatory experience, one learns to 
distinguish between these different motions.

Follow these steps to palpate this rhythmic motion:

1. Position the patient supine, with the head 8 to 10 in from the 
head of the table

2. Sit comfortably at the head of the table with your forearms 
resting on the table and your hands placed on the sides of the 

Figure 48-2 Craniosacral mechanism with arrows indicating direc-
tion of motion during fl exion phase of physiologic motion. (From 
Magoun HI. Osteopathy in the Cranial Field. 2nd Ed. Kirksville, MO: 
Journal Printing Company, 1966, with permission.)
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Vertical and lateral strains or displacement occur at the SBS 
and can be superimposed on the above strains. Vertical strain at 
the SBS is present when the sphenoid and the occiput rotate in the 
same direction around their own transverse axes (Fig. 48.4A). This 
creates a superior or inferior strain at the SBS and disrupts normal 
fl exion-extension. Vertical strain is named for the position of the 
basisphenoid relative to the occiput, superior, or inferior.

Lateral strain at SBS occurs when both bones rotate in the 
same direction, clockwise, or counterclockwise, around two parallel 

The cyclic, biphasic motion originating within the PRM, is most 
evident to palpation in the head region but is palpable in every part 
of the body. The impulse moves longitudinally through the body 
and extremities, with midline structures moving through fl exion/
extension and paired structures moving through external/internal 
rotation. Its presence or absence and its deviation from normal 
direction are useful diagnostic signs.

The body is subject to stresses and strains from before birth 
until death. Pressures and forces affect the developing fetus, the 
neonate during birth, and the individual through childhood, ado-
lescence, and adulthood. These forces cause minor to major dis-
tortions of the cranium that result in strains of the sphenobasilar 
synchondrosis (SBS). With induced strain, the effi ciency of the 
PRM is compromised. The compromise may be minor to major in 
its effect on the health of the individual.

STRAINS

Several types of strains of the SBS are known and frequently 
encountered in the practice. In order to understand a discussion 
of strain patterns, it is necessary to know some terminology and to 
recall some basic principles of anatomy. The portion of the occiput 
that is at the base of the skull and is part of the SBS is called the 
basiocciput. Likewise, the part of the sphenoid that lies at the base 
of the skull and is part of the SBS is the basisphenoid. When we 
discuss motion of these bones, we name the motion for what is 
occurring at the most anterior and superior portion of the structure. 
However, the major articulation that concerns us in the following 
discussion of strain patterns is composed of the anterior portion of 
one bone (the occiput) and the posterior portion of another bone 
(the sphenoid). So, when motion occurs in the same direction in 
the two bones, the two bones appear to move in opposite directions 
at the SBS. Keeping these principles in mind will help you under-
stand the following discussion of strain patterns.

Torsion occurs around an AP axis of the skull that extends 
from nasion through the symphysis to opisthion (Fig. 48.3A). The 
sphenoid and related structures of the anterior cranium rotate in 
one direction about this axis; the occiput and related structures 
of the posterior cranium rotate in the opposite direction, pro-
ducing a twist or torsion at the SBS. This strain is named for the 
side of the high wing of the sphenoid, right torsion (RT), or left 
torsion (LT).

Side bending/rotation (SBR) at the SBS occurs around an 
AP axis and around two parallel vertical axes. The AP axis is the 
same as the axis around which torsions occur. The vertical axes 
are through the body of the sphenoid and through the foramen 
magnum, perpendicular to the physiologic transverse axes and the 
AP axis (Fig. 48.3B). This is a compound movement similar to 
physiologic motion in the spine when rotation and side bending 
are concomitant movements. Because the sphenobasilar symphysis 
is slightly convex upward, as the two bones side bend away from 
each other (around the two parallel vertical axes), both bones rotate 
inferiorly on the convex side (around the AP axis) and superiorly 
on the concave side. This strain pattern is named for the side of the 
convexity, SBR right (SBRR) or SBR left (SBRL). These four strain 
patterns (RT, LT, SBRR, SBRL) are common and are considered 
physiologic if their presence does not interfere with the fl exion-
extension motion of the mechanism.

Extreme or exaggerated fl exion with decreased extension of the 
SBS is considered a strain pattern. Conversely, marked or exagger-
ated extension with decreased fl exion is considered a strain pat-
tern. Normally, the PRM moves through the fl exion and extension 
phases equally and fully.

Figure 48-3 Schematic patterns of sphenobasilar junction. In tor-
sion and SBR, sphenoid and occiput rotate in opposite directions 
about axes indicated. A. Torsion with great wing high on the right. 
Occiput is lower on the side of high great wing. B. SBR with convex-
ity to the left. Both great wings of sphenoid and occiput are lower 
on the side of convexity. (From Sutherland WG, Wales AL. Teachings 
in the Science of Osteopathy. Portland, OR: Rudra Press, 1990, with 
permission.)
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front of the head, or from a circumferential compression (as during 
birth) that exceeds the resiliency of the tissues.

Strains of the SBS involve the entire cranial and facial structure 
and infl uence the position and motion of the sacrum by way of the 
RTM. The midline bones and paired bones accommodate to the 
strain(s) in the base of the skull. Trauma to the head, face, spine, 
sacrum, pelvis, or lower extremities is a common strain-producing 
factor. Pelvic function is affected by a strain in the base of the skull. 
Likewise, the function of the cranial bones is affected by strain in 
the pelvis. The body, including the head, truly functions as a unit.

PRINCIPLES OF DIAGNOSIS

The diagnosis of a pathologic condition or malfunction of the 
PRM is based on the history, observation, and palpation. Palpation 
by a well-trained and sensitive operator is the most reliable source 
of information.

Patient History

Taking the patient’s history includes asking leading and pertinent 
questions to encourage the patient to recall relevant past events and 
to describe the complaint in some detail. In addition to the usual 
questions pertaining to heredity, childhood diseases, adult diseases, 
and surgeries, two other areas for questioning are pertinent to dys-
function of the craniosacral mechanism: trauma history and infor-
mation about the delivery and newborn recovery period.

Trauma
Obtain the following information about trauma:

1. Age at which the trauma occurred; this includes birth trauma.
2. Type of force as well as amount, velocity, direction, and the area 

of impact; vehicular accidents, blows to the face or head, and 
falls on the tailbone or buttocks are common

3. Dental history including extractions, orthodontia, malocclu-
sion, bruxism, and temporomandibular joint problems

4. Fractures, concussions, inertial injuries, coma
5. Habitual head pressures, such as sleeping positions, thumb 

sucking, ear phones, orthodontic head gear, new dentures, etc
6. Extremes of temperature: chilling of the face or head may 

precede Bell palsy; heatstroke or sunstroke may be related to 
headache

7. Surgical procedures involving the head such as the mouth gag, 
the bite block, the bronchoscope or gastroscope, or the anes-
thetic mask held over the nose-mouth for prolonged periods 
with a tight headband to keep it in place

8. Changes in appearance or personality following severe trauma

Adult patients tend to recall only injuries of the recent past. They 
believe that injuries from infancy, childhood, or adolescence are 
of no importance and tend to forget past trauma. They may need 
leading questions to elicit this information. Some patients have 
amnesia related to trauma to the head and cannot relate accurate 
information. A family member may be able to give additional 
history.

History of Delivery and Newborn Period
If the patient is an infant or child, a more detailed history from 
the parent(s) is essential. Questions concerning the health of the 
mother during pregnancy, the number and character of pregnan-
cies, the details of the delivery, the appearance and action of the 
newborn, and the development of the infant should be asked. Signs 
and symptoms compatible with severe forces of labor and delivery 

vertical axes (Fig. 48.4B). Basisphenoid and basiocciput veer in 
opposite directions, producing a shearing type of motion. When 
this strain occurs in utero or during the birth process, it results in 
a parallelogram-shaped head in the infant. Lateral strain is named 
for the direction the basisphenoid shifts, right or left.

SBS compression is a strain in which the sphenoid and occiput 
have been forced together to such a degree that physiologic fl exion-
extension is impaired. Compression varies from mild to moderate 
to severe and occurs from a force to the back of the head, to the 

Figure 48-4 Schematic patterns of sphenobasilar junction. In 
vertical and lateral strain patterns, sphenoid and occiput rotate in 
the same direction around parallel axes. A. Superior vertical strain. 
As a result of rotation of the bones, the base of the sphenoid is 
relatively elevated with the base of the occiput relatively depressed. 
B. Right lateral strain. As a result of rotation of the bones, the base 
of the sphenoid is relatively displaced to the right with the base of 
the occiput relatively displaced to the left. (From Sutherland WG, 
Wales AL. Teachings in the Science of Osteopathy. Portland, OR: 
Rudra Press: 1990, with permission.)
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temporals with it. The temporal on the low side of the occiput is 
positioned toward relative external rotation, and the temporal on the 
high side of the occiput is positioned toward relative internal rota-
tion. Therefore, the relative position of the ears gives an indication of 
the tilt of the occiput. Compare right and left ear lobes to see if they 
are level; note fl aring of the ears. A temporal positioned toward exter-
nal rotation tends to be more fl ared; a temporal positioned toward 
internal rotation tends to be more fl at. By combining the fi ndings of 
the anterior and posterior cranium, the observer is able to arrive at a 
tentative or working diagnosis of torsion or SBR of the SBS.

Viewing the midline of the face, noting the nose, mouth, and 
center of the chin, provides additional information. Nasal deviation 
may indicate the relative position of the maxillae and sphenoid or 
may indicate past trauma or fracture. The chin (mandible) tends to 
deviate to the side of the externally rotated temporal bone. Hered-
ity also infl uences facial characteristics and is a signifi cant consid-
eration for establishing a prognosis.

Strains of the cranial base occur during birth or from trauma. If 
trauma is induced into a prior strain pattern, the fi ndings of obser-
vation are not reliable for diagnosis.

Diagnosis by Palpation

To become an expert at the art of palpation for diagnosis and treat-
ment requires repeated experience, patience, and perseverance. 
These guidelines help improve palpatory skill:

1. Use a light hand contact. If your contact is stronger than the 
force of the inherent motion, you interfere with the mechanism 
you are attempting to diagnose or treat. Do not interject your-
self into the patient’s PRM

2. Have a clear visualization of the structure(s) beneath your hands. 
This requires a detailed study of the anatomy and physiologic 
motion of each of the bones of the body, including the cra-
nium and face. The design of the articulations between bones 
and their mechanical and physiologic relationship is a complex 
study, but it is essential to providing accurate diagnosis and suc-
cessful treatment

3. Understand that the job of the physician is to assist the patient 
to obtain or maintain optimal health. The physician does not 
do the healing; healing comes from within the patient. With 
knowledge and experience, one learns to tune into and be 
guided by the PRM of the patient to facilitate this healing pro-
cess, assisting the patient’s own inherent healing capacity to 
release biomechanical impediments. The automatic processes 
that promote healing are much more intelligent and effi cient in 
the management of the health of the individual than any exter-
nal force or person can be

CLINICAL CONSIDERATIONS

Neonatal

OMT of infants and children can be a rewarding experience for 
the patient and the doctor, because children respond to treatment 
faster than adults and because treatment in this stage of life can 
prevent dysfunction later in life.

Compromised function of the PRM is a cumulative process 
beginning in utero or during birth, combined with the various trau-
matic incidents of growing up, as well as one or more traumatic 
events sustained as an adult. The physician must keep this in mind 
when taking the history.

Consideration of the trauma of the birth process deserves fur-
ther explanation. The base of the skull is formed in cartilage and 

are an indication for considering OMT in the care of these patients. 
Following is a list of signs and symptoms that might indicate that a 
newborn has experienced severe forces during labor and delivery:

■ Distortion of the cranium
■ Excessive molding
■ Ridging or overriding along any suture
■ Diffi culty in suckling or swallowing
■ Vomiting
■ Respiratory distress
■ Bradycardia
■ Tachycardia
■ Abnormal crying
■ Strabismus
■ Nystagmus
■ Spasticity or fl accidity of the limbs
■ Opisthotonos
■ Drowsiness
■ Cyanosis
■ Convulsions
■ Fever
■ Tremors

Abnormal habits such as lying with the head turned to one side 
only, head banging, or constant rubbing of the back of the head 
against the sheet are indicative of strains of the cranium.

Diagnosis by Observation

Look for symmetry or distortion of the osseous structure beneath 
the soft tissues. Observe the face and head: the shape and con-
tours of the head and face show hereditary infl uences as well as the 
combined effect of the forces of labor on the bones. At birth, the 
sphenoid, temporals, and occiput are made up of several osseous 
parts with cartilage between parts and between bones to allow for 
compression and molding of the head during birth. Strains within 
a bone may occur and are called intraosseous strains.

The fl exion type of skull is round in shape with a wide trans-
verse and a shortened AP diameter, with the temporals in relative 
external rotation (fl ared laterally). In this type of skull, the frontals 
are wide and sloping upward, the cheek bones are wide, and an 
open mouth view of the maxillary region of the hard palate reveals 
it to be wide and with a low arch to the vault. All paired structures 
are in a position of relative external rotation.

The extension type of skull is long and narrow with temporals 
in relative internal rotation, frontals narrow with the brow appear-
ing more vertical, orbits and face narrow, and maxillae (hard palate) 
narrow with a high arched vault. All paired structures are in a posi-
tion of relative internal rotation.

Note the positioning of the bones. The position of the sphe-
noid bone infl uences the position of the peripheral bones of the 
anterior cranium, which includes the frontals and all bones of the 
face except the mandible. The position of the occiput infl uences 
the position of the bones of the posterior cranium (the parietals and 
temporals) and in turn infl uences the position of the mandible.

With torsion and SBR of the SBS, the facial structures tend 
to appear asymmetric as they assume a position of relative external 
rotation on the side of the high wing and a position of relative 
internal rotation on the side of the low wing. If the sphenoid is 
rotated on an AP axis, the eyes and orbits will appear unleveled, as 
will the cheekbones and the maxillae.

Note the relative positioning of landmarks. It is sometimes dif-
fi cult to determine if the occiput has rotated on the AP axis because 
it is hidden by hair. As the occiput tilts on this axis, it carries the 
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The infant’s fi rst breath and subsequent crying with deep 
breathing, kicking, squirming, and suckling assist with decompression 
of the cranium, face, and pelvis (14). Decades of clinical experience 
have shown that if the activities of the neonate are not strong enough 
to open up the entire PRM to its optimal function, these neonates 
benefi t from the assistance of an osteopathic physician trained in 
the cranial concept and in treatment procedures. Examination and 
treatment are best given during the fi rst few days of life, at which 
time a great deal is accomplished by releasing the compressive forces 
of birth. If no treatment is provided, as time passes and growth pro-
gresses, the strains become more established. In time, the formative 
parts of the various bones of the base change from cartilage to osseous 
tissue. If overlapping of the osseous plates of the vault is allowed to 
remain, the plates grow together, forming a synostosis. Osteopathic 
physicians utilizing OCF have found that when synostosis pervades 
the vault, the osseous case cannot grow and expand at the same rate 
as the brain inside, and the brain function of that individual appears 
to be compromised. Expert treatment given early in the life of an 
individual can be one of the most important therapeutic measures 
in preventive medicine. Treatment given later is benefi cial, but more 
can be accomplished in less time and with less effort and expense if 
treatment is given soon after the stresses and strains occur.

An example of disturbance of function directly related to the 
compressive forces of birth concerns the posterior part of the cra-
nial base. There are four parts to the developing occiput:

■ The basilar process
■ Two condylar parts along the lateral sides of foramen magnum
■ Squama extending from the posterior border of the foramen 

magnum to the lambdoid suture

The medulla oblongata rests on the basilar part, and the spinal cord 
extends through the space within the four parts. Cranial nerves IX, 
X, and XI and the jugular veins pass through the jugular foramina 
at the anterolateral border of each condylar part. Cranial nerve XII 
passes through the anterior condylar canals located within the con-
dylar parts near the junction between the condylar parts and the 
basilar part. Compression with rotation of the posterior cranium 
during birth with distortion, displacement, and jamming of these 
four osseous plates and intervening cartilage is easily visualized (see 
Fig. 48.6). Knowing the function of these cranial nerves and their 
intimate relationships with the bones of the cranial base makes it 
easy to see how distortion of the cranial base could lead to symp-
toms such as vomiting, torticollis, or respiratory distress.

This abnormal mechanical stress on the brainstem, cranial 
nerves, and venous drainage is treated by gentle application of 
mild, sustained spreading of the formative parts of the base of the 
skull by a physician trained to apply OMT in this manner.

The relative position and motion of the temporal bones affect 
drainage from the middle ear through the pharyngotympanic tube; 
their somatic dysfunction is clinically capable of resulting in tinni-
tus, dizziness, and decreased auditory acuity. Treatment is aimed at 
releasing membranous strains of the cranial base, temporal bones, 
and upper cervical spine to help reestablish equal and synchronous 
motion to the temporals as well as the entire PRM. Consider these 
factors:

1. Without normal motion present, stasis of fl uids and lack 
of oxygen provide an ideal medium for proliferation of 
microorganisms

2. When the inherent motion throughout the cranium and face 
is optimal, the movement of fl uids and mucus is enhanced 
(a provision of nature for emptying the ethmoid, sphenoid, and 
maxillary sinuses)

the vault is formed in membrane. At birth, the sphenoid is in three 
parts, the temporal is in three parts, and the occiput is in four parts, 
with cartilage intervening between the osseous elements (14). The 
frontal and mandible are in two parts and each maxilla is in two 
parts. This is nature’s way of protecting the CNS and providing 
for compressibility of the head as it passes through the birth canal. 
The bones of the vault are osseous plates that overlap at the edges. 
The cartilaginous base tends to compress, bend, twist, or buckle 
depending on the amount and direction of compression and rota-
tional forces of labor and birth. These various parts are vulnerable 
to misalignment; the brain, cranial nerves, and intracranial mem-
branes are subject to possible injury or malfunction. One or more 
of the strain patterns of the SBS generally has its beginning during 
the birth process (Figs. 48.5 and 48.6).

Figure 48-5 Sphenoid at birth in three parts. Cartilage intervenes 
between body-lesser wing unit and greater wing-pterygoid units. 
(From Sutherland WG, Wales AL. Teachings in the Science of Oste-
opathy. Portland, OR: Rudra Press, 1990, with permission.)

Figure 48-6 Occiput at birth in four parts within a cartilaginous 
matrix. Articular condyles receive contributions from both condylar 
and basilar parts of the occiput. (From Sutherland WG, Wales AL. 
Teachings in the Science of Osteopathy. Portland, OR: Rudra Press, 
1990, with permission.)
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It is the specifi c attention to the anatomy of the particular part 
of the body being manipulated that facilitates the OMT and 
enhances the probability of benefi t. Furthermore, it is the knowl-
edge of anatomy and especially neuroanatomy in the cranial area 
that provides the basis for a strong rationale for how OCF might 
be benefi cial. This point is exceedingly well illustrated in a series of 
articles by Magoun on the theme of entrapment neuropathy in the 
cranium (111,119,120). That is, if cranial bone motion exists and 
OCF maneuvers can affect cranial bone and intracranial structures 
such as cranial nerves, then there may be great utility in applying 
such technique in clinical practice.

From a philosophy of science perspective, appropriate applica-
tion of OCF based on systematic observation of anatomic rela-
tionships palpated by the osteopathic physician and correlated with 
changes in the patient’s symptoms is indeed scientifi c procedure. It 
remains for the osteopathic medical profession to develop docu-
mentation procedures that will facilitate collection of this type of 
data from many physicians utilizing OCF and thereby obtain large-
scale population data appropriate for analysis. In the meantime, 
those who utilize OCF in clinical practice are following a tried and 
true scientifi c methodology in the application of OCF: practice 
based on proof of benefi t to patients as reported by many clini-
cians on many patients. This is the principle of appeal to authority 
and precedence of success by practice. Gradually, empirical clinical 
practice studies are being carried out and published. Many of the 
clinical observations made at the time of Sutherland and the early 
cranial osteopaths have begun to receive scientifi c support.

Otitis Media

The location of the eustachian tube within the temporal bone and 
the possible derangement of the temporal bone during a diffi cult 
labor and delivery comprise the anatomy and life circumstance that 
have been described as the basis for the application of OCF to the 
treatment of otitis media. The clinical success reported by OCF 
clinicians has been validated by positive results in several studies 
and has resulted in plans for a multisite clinical trial (121–123). 
These studies showed improvement in health as measured by fewer 
ear tubes, improved tympanography assessment, and generally 
reduced need for antibiotics in children suffering from recurrent 
ear infections (otitis media).

Pregnancy, Labor, and Delivery

The prenatal application of OMT has been a staple of the osteo-
pathic medical profession since its inception (124). Clinical research 
on the application of OMT in prenatal care has a long history too. 
As early as 1911, studies on 100 of women who received prena-
tal OMT were published, and benefi ts such as shorter durations 
of labor and fewer complications were reported (125). In a study 
where the application of OCF was not the only OMT modal-
ity applied in prenatal care, but was included in OMT delivered 
to virtually every patient, the results were statistically signifi cant 
(N = 321 patients) for fewer preterm deliveries and fewer cases of 
meconium-stained amniotic fl uid (126).

A promising pilot study that awaits a larger follow-up was done 
by Gitlin and Wolf (127) on women who were overdue to deliver 
and had not yet perceived uterine contractions. Eight women were 
treated using only the CV4. Two were eliminated due to disrup-
tion during the posttreatment monitoring, while the other six all 
began uterine contractions within 34 minutes with an average of 
17.5 minutes. The theory underlying the use of the CV4 is that this 
maneuver “helps nature take its course.” It is probably incorrect to 

3. The autonomic nerve supply to the nasal mucosa by way of the 
sphenopalatine ganglion is vulnerable to impingement by mala-
ligned adjacent boney structures

4. Middle ear infections, sinusitis, pharyngitis, and other acute 
infl ammatory processes are often associated with altered cranial 
functions (111)

Trauma

Trauma is by far the major cause of disruption and malfunction of 
the PRM. The force of trauma is extreme in vehicular accidents. 
The force from a fall is transmitted from the feet or ischial tuberos-
ities upward through the body into the base of the skull. The vector 
of force established through the body or head is palpable (112,113) 
and is an important diagnostic sign. The direction of motion of the 
CSF and CNS is disrupted, and the function of the PRM is mildly 
to severely impaired, depending on the severity of the trauma and 
the response of the patient.

Trauma to the PRM can occur from mild, sustained force such 
as wearing a spring type of headset or from orthodontic appliances 
on the teeth (114). Also, wearing a tight hat or swim cap will aug-
ment or create or alter existing patterns. Trauma occurs in various 
degrees and in innumerable forms.

The PRM functions as a unit; trauma to one area affects the 
entire RTM. The PRM does its best to continue to function, but 
the quality of that function decreases with the passage of time 
and additional trauma. The rate and amplitude of the PRM is a 
most valuable diagnostic and prognostic indicator of the severity 
of the compromise and response to treatment (9). A slow rate and 
a low amplitude are dependable indicators of a longstanding and/
or overwhelming problem during which the patient’s vitality has 
been depleted, indicating more treatment over a longer period of 
time will be required (9). The reciprocal is also true. In the course 
of treatment, improvement is associated with a rate and amplitude 
increase toward a more normal pattern.

CLINICAL RESEARCH

The foregoing discussion of the types of conditions that benefi t 
from application of OCF and the principles of treatment is based 
on the consensus of teachers of OCF with many years of successful 
clinical practice.

The development of clinical research on OCF has grown as 
resources for such research have become more available, but there has 
always been a scientifi c, systematic observational discipline applied 
by those who used OCF in the medical practice. Over the years, there 
have been a number of reports of the clinical applications of OCF. 
Some of the earliest appeared in the OCF text by Magoun (6, p. 112) 
with charts done by G. A. Laughlin, D.O., which showed an appar-
ently reduced sweat production before and after application of the 
technique known as the compression of the fourth ventricle (CV4). 
This appeared to refl ect a decrease in sympathetic nervous system 
activity, which has also been demonstrated in more recent research 
(115). Also in the Magoun text are illustrations documenting, in a 
group of fi ve patients, substantial lowering of blood sugar and white 
blood cell counts before and after application of the CV4 (6, p. 113).

The Magoun text devotes a chapter to the “Practical Applica-
tion of the Cranial Concept,” and reports on a number of conditions 
in which application of OCF techniques has proven benefi cial for 
the individuals involved. A number of these applications of OCF 
are amplifi ed in other publications (116–118).

It is signifi cant to note that OCF treatment is like any other 
modality of OMT in the hands of a capable osteopathic physician. 
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It is worthy of note that musculoskeletal deformities, specifi cally 
scoliosis and pronounced kyphosis dorsalis (Scheuermann disease), 
have now been associated with malocclusion (141). This fi nding 
substantiates emphasis on early childhood treatment and preven-
tion championed by practitioners of OCF.

Effects of OCF on Vascular and Autonomic 
Nervous System Functions

A commonly applied OCF technique called the “venous sinus 
technique” has been reported by many who practice OCF to be 
successful in the relief of headache and sinus congestion symp-
toms. A study by Huard (142) suggests that the effi cacy of this 
technique may be in the restoration of optimal intracranial vascular 
fl ow. Huard applied the venous sinus technique to 39 subjects, with 
39 others receiving light touch only, and another group of 39 sub-
jects received no touch at all. The outcome measure was a radiol-
ogy procedure called the encephalogram, which utilizes ultrasound 
technology to record blood fl ow. Huard’s results showed that the 
subjects receiving the OCF venous sinus technique had demon-
strably improved blood fl ow in the area of the cranial base.

A study by Cutler et al. (115) showed statistically signifi cant 
effects of application of the CV4 on sleep latency and the reduction 
of sympathetic nerve activity. In a controlled environment, healthy 
subjects who received the CV4 treatment went to sleep faster than 
subjects who received only a light touch control protocol or no 
touch at all. Sympathetic nerve activity, measured at the peroneal 
nerve in the popliteal fossa using standard microneurographic tech-
nique, was also signifi cantly reduced in the CV4 group compared to 
control or no treat groups.

Further evidence of the impact of OCF on physiological func-
tion is the work on healthy humans that showed a statistically sig-
nifi cant improvement in heart rate variability. In this study, Giles 
et al. (143,144) used soft tissue manipulation to the cervical spine 
with emphasis on the occipitoatlantal decompression maneuver, a 
commonly OCF technique. With an N = 24 in a crossover design, 
heart rate variability was best when the OCF was applied compared 
with sham and time control conditions. Using a similar design, 
Henley et al. (145) also found alterations in heart rate variability 
as a result of OMT that utilized several OCF maneuvers. A study 
done in Israel evaluated the impact of cranial manipulation on uri-
nary tract function and quality of life in outpatients with multiple 
sclerosis (146). Results showed statistically signifi cant reductions 
in postvoiding residual volume, urinary frequency, urinary urgency, 
and improvement in quality of life. The nature of OCF suggests 
impact on parasympathetic centers in the lower brain stem and in 
the sacral spinal cord may be the likely mechanism of action in this 
study.

Clinical Research—Summary

OCF clinical research compares favorably with the amount of clin-
ical research done on the other commonly used OMT modalities. 
From a technical perspective, the application of OCF takes longer 
than other OMT modalities and is often not applied due to time 
restraints. Critics of OCF cite lack of clinical evidence for benefi ts 
thereof and raise the question of risk-benefi t ratio. However, there 
has been only one report of an adverse events from the application 
of OCF, and the teaching and practice of OCF have been modifi ed 
to take into account factors that may cause adverse events (147). 
On the other hand, improvement reported in the reviewed clinical 
articles on OCF is certainly suggestive, if not compelling, evidence 
of benefi t for OCF.

be concerned about the use of the CV4 in pregnant women out of 
fear of inducing contraction, as the women in this study were “over 
due” and the OCF only facilitated a normal gestational phase.

Pediatric Applications

Besides the previously mentioned research on otitis media, the gen-
eral concern for the effects of a diffi cult labor and delivery involves 
many unfortunate outcome possibilities. Frymann (128) evaluated 
the cranial bone mechanics of 1,250 newborns and found that 
88% had identifi able malalignment in the form of cranial bone 
strain patterns. Frymann (129) has gone on to present data indi-
cating benefi t of OCF in the treatment of children with learning 
problems, children with neurological defi cits (130), and seizure 
disorders (131).

Inspired by Frymann’s work, research was done in Russia by 
Lassovetskaia (132) on children with language and learning prob-
lems. In this study, 96 children undergoing neuropsychological 
tutoring in a large school program due to delayed academic perfor-
mance were selected and compared to the performance of the rest 
of the children before and after receiving OCF for 6 to 12 weeks. 
The children who received the OCF were signifi cantly higher in 
virtually all categories of academic performance compared to the 
comparable population of children who did not receive OCF.

As with all OMT, OCF is described as an effective means to 
correct anatomic malalignment and restore optimal physiologic 
function by improving the anatomic structures associated with 
those functions. For example, in the treatment of colic, the com-
monly found impingement of the tenth cranial nerve (which coor-
dinates the peristaltic wave action of the gastrointestinal tract) as it 
passes through the jugular foramen, caused by compression of the 
nerve during the birth process, between the occipital and temporal 
(mastoid area) bones, can be relieved by gentle OCF to decom-
press and relieve the obstructed fl ow of coordinated nerve supply 
to its intended destination. In fact, a recent pilot study found that 
the OCF applied to infants with colic did signifi cantly reduce the 
symptoms of colic (134). Obstructive sleep apnea in infants may 
also be reduced by osteopathic treatment employing OCF (135). 
Mobility in children with cerebral palsy has been improved with 
OMT including OCF (136).

Dental Applications

Because the teeth are cranial bones that move within their sockets, 
which are in turn housed in cranial bones, application of OCF for 
treatment of dental conditions can and has been used successfully 
in practice. In a series of articles, Magoun (137–139) gives case 
studies and specifi c technique for OCF treatment of individuals 
whose cranial malalignment involves dentition. Lay carried on this 
work on dental applications and described more case studies utiliz-
ing OCF with an emphasis on temporomandibular joint dysfunc-
tion (114). With the publication of these articles, many dentists 
have been attracted to study and even apply OCF in their practices. 
There is even a special membership section within The Cranial 
Academy for dentists.

Empirical research was done by Baker (140) who demon-
strated measurable changes in the dental arch of a patient receiving 
OCF. Serially measured models of maxillary teeth over six months 
showed overall lateral dimensional changes between permanent 
second molars of 0.0276 of an inch. It is common in the practice of 
orthodontics today to move the maxillary arch this much and more, 
up to 2 mm by dental appliances, but in the case reported by Baker, 
the changes were brought about by OCF alone.
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Figure 48.7B illustrates direct action. This treatment method is 
employed when exaggeration is not desirable, as in acute trauma and 
in young children in whom the sutural pattern has not yet developed. 
This treatment is also used when there are overriding sutures. The 
components are gently guided back toward their normal position.

Figure 48.7C illustrates disengagement. This treatment method 
is used when force or excessive membranous tension impacts the 
osseous components. Disengagement technique merely separates 
the opposing surfaces within the anatomic and physiologic limits 
of permitted motion.

Figure 48.7D illustrates opposite physiologic motion. This 
method is seldom used, but when needed it is employed to release 
a strain when a traumatic force has severely violated the physiologic 
pattern. One component is infl uenced by direct action; the other is 
infl uenced by indirect action.

The physician selects the method of choice according to the 
patient’s age and history, as well as by palpatory diagnosis.

Respiratory cooperation may be used to enhance the effort 
of inherent motion. The patient is asked to hold their breath in 
full inhalation or exhalation after the physician has positioned 
the articulation at balanced ligamentous or membranous tension. 
Holding the breath at full inhalation is more commonly used, but if 
the articulation is held toward extension or internal rotation, hold-
ing the breath at full exhalation is more effective.

Example 1
An example would be a case in which the patient reports a history 
of a fall on their rear end, possibly from a slip on a banana peel.

Diagnosis
Somatic dysfunction of the lumbosacral junction (L5-S1 
compression).

Treatment

Treatment is indirect method, using balanced ligamentous tension, 
exaggeration, and inherent force.

Procedure
1. Position the patient supine
2. Sit at the side of the table so that the operator’s dominant hand 

(assume right hand) can be placed under the patient’s sacrum
3. Place the right hand under the sacrum so that the patient’s coc-

cyx rests between the operator’s thenar and hypothenar emi-
nences. The fi nger tips should be placed at the sacral base with 
the 3rd and 4th digits just below L5

4. Place the left hand perpendicular to the right hand with the 
hypothenar eminence barely touching right hand fi ngers and in 
fi rm comfortable palpatory contact with L5

PRINCIPLES OF TREATMENT

The aim of treatment with OCF, as with any osteopathic procedure, 
is to normalize structure and function. The optimal function of the 
PRM affects not only the CNS but also every cell and tissue in the 
body. Regardless of which method or procedure a physician elects to 
use, this constant cyclic motion is at work behind the scenes every 
minute of every hour of every day of every year of an individual’s life.

Goals of Treatment

The goals of treatment include:

■ Normalizing nerve function, including all cranial and spinal 
nerves as well as the autonomic nervous system

■ Counteracting stress-producing factors by normalizing function 
of the cerebrum, thalamus, hypothalamus, and pituitary body

■ Eliminating circulatory stasis by normalizing arterial, venous, 
and lymphatic channels

■ Normalizing CSF fl uctuation
■ Releasing membranous tension
■ Correcting or resolving cranial articular strains
■ Modifying gross structural patterns

Some hindrances to treatment are myofascial strains from below 
the cranium or from the sacrum, local or general infections, nutri-
tional defi ciencies, and organic poisons (6). For optimal manage-
ment of the patient’s health problems, the physician must address 
nonstructural hindrances to health, in addition to applying OMT. 
To use the power or potency of the inherent activity of the PRM 
within the patient to assist with the release of strains (somatic 
dysfunctions), it is necessary to understand balanced ligamentous 
tension and balanced membranous tension. Balanced ligamentous 
tension is used in treating any articulation supported and protected 
by ligaments. Balanced membranous tension refers to the dura 
mater (RTM) and is used to treat the articulations of the cranium, 
face, and sacrum.

The point of balanced membranous tension is defi ned as that 
point in the range of motion of an articulation where the mem-
branes are poised between the normal tension present throughout 
the free range of motion and the increased tension preceding the 
strain or fi xation that occurs as a joint is carried beyond its normal 
physiologic range (6). Thus, it is the most neutral position possible 
under the infl uence of all the factors responsible for the existing 
pattern. That is, all attendant tensions having been reduced to the 
absolute minimum.

This point is unique for each strain that occurs. It is the point 
at which the inherent force can move through the involved tis-
sues at its maximum effi ciency. The operator seeks to position 
the bones making up the articulation at the point of balanced 
membranous tension by keen, sensitive, knowledgeable palpation. 
Dr. Sutherland expressed this as palpating with seeing, feeling, 
thinking, knowing fi ngers.

Figure 48.7 illustrates arriving at the point of balanced mem-
branous tension by positioning the components. The squares indi-
cate two bones making up an articulation, and the arrows represent 
the directions the operator employs for positioning (6).

Figure 48.7A illustrates indirect action or exaggeration. This 
procedure is commonly employed from the age of 5 through adult-
hood. It is not used in acute trauma to the head when exaggeration 
of misalignment may produce or increase intracranial hemorrhage. 
To employ this method, increase the abnormal relationship at the 
joint by moving the articulation slightly further in the direction of 
malalignment.

Figure 48-7 Methods for arriving at the point of balanced mem-
branous tension. A. Indirect action (exaggeration). B. Direct action. 
C. Disengagement. D. Opposite physiologic motion. (From Magoun 
HI. Osteopathy in the Cranial Field, 2nd Ed. Kirksville, MO: Journal 
Printing Company, 1966, with permission.)
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3. Place your hands on the lateral sides of the patient’s head with 
the index fi ngers contacting the greater wings of the sphenoid 
and the little fi ngers contacting the lateral angles of the occiput 
(vault contact) (Fig. 48.8)

4. Gently palpate the rhythmic activity of the patient’s PRM and 
RTM

5. The right hand slowly moves slightly caudad with index and 
fi fth fi ngers spreading slightly, while the left hand moves 
slightly cephalad as the fi ngers approximate slightly. This posi-
tioning is slight and must be accurate, being guided by the ease 
of tension in the membranes within the cranium. With the ease 
of membranous tension, the inherent forces begin to manifest 
with increased vigor. The amplitude of the PRM automatically 
increases

6. Maintain the positioning and carefully and continuously observe 
the increased activity of the inherent forces at work within the 
patient’s mechanism. As the inherent forces work through the 
membranous strain, they gradually cease the increased activ-
ity and become quiet. This cessation of the inherent rhythm is 
called a still point (14)

7. After the still point occurs, cease to maintain the positioning 
of the bones and membranes and continue to observe the fl uc-
tuant activity by light palpation. The quiet period passes, the 
rhythmic fl uctuation resumes, increasing slowly and steadily 
in amplitude until it has returned to a more normal fl exion-
extension of the SBS

8. Gently remove your hands

There is no substitute for thorough training and practice in the 
development of skill in OMT based on the principles of OCF/
CO. Well-known and typically utilized treatment procedures based 
on the principles of OCF/CO are the compression of the fourth 
ventricle (CV4) and the V-spread procedures.

The CV4 (Fig. 48.9 A,B) is typically used to stimulate the 
body’s inherent therapeutic capacity to deal with whatever dys-
function is present. By inducing extension (or internal rotation) of 
the PRM, the inherent capacity for self-regulation and healing is 
facilitated by a stimulation of CSF fl ow.

The technique is as follows:

1. Operator at head of table
2. Patient supine

5. Maintain this position and allow the inherent force to work. 
Keep your sensing apparatus alert so that it perceives the slow 
cyclic movement of the PRM. This movement feels like a lon-
gitudinal ebb and fl ow or a subtle pumping effect up and down 
the spine

6. Continue to maintain the positioning and to observe this cyclic 
motion; the inherent force is working through the tissues that 
are maintaining the somatic dysfunction. As they accomplish 
their task for this articulation at this time, the amplitude of the 
inherent rhythm lessens and the pumping decreases, and the 
tissues beneath your palpating fi ngers seem to soften or melt. 
Once the tissues have softened, the fl exion and extension motion 
of the sacrum begins to increase. As fl exion and extension 
motion of the sacrum increases toward normal, it may be neces-
sary to gently pull caudad on the sacrum before full motion is 
restored

7. At this time, cease to hold the articulation in the treatment 
position. Gently recheck the motion of the articulation to ascer-
tain the therapeutic response. Physiologic motion is restored to 
varying degrees

A strain of the sacral base can be treated using the inherent forces 
and positioning for balanced membranous tension of the RTMs. 
This technique is applicable for an uncomplicated strain of the 
sacral base. If a strain of the sacral base is complicated by additional 
traumatic strains such as a compression in either sacroiliac (SI) 
joint, the technique as described will probably not be successful.

If SI joint compression is present, treatment position will vary 
slightly. If, for example, the patient’s left SI joint is compressed, 
the doctor’s left hand will be under the sacrum. This hand main-
tains the same position as for treatment of sacral base compression. 
However, the operator’ other hand (in this case the right hand) 
would be placed under the ilium, perpendicular to the fi ngers of 
the left hand. The fi ngertips of the right hand would be at the 
medial border of the left ilium and would barely touch the 5th digit 
and hypothenar eminence of the left hand. As in step 6, maintain 
this position while observing the cyclic motion of the PRM. In this 
case, rather than providing caudad traction, it may be necessary to 
provide gentle lateral traction until normal balance between the 
motion of the sacrum and the motion of the ilium is restored.

Example 2
Another case is a patient who has been struck on the side of the 
head, possibly by a baseball bat or fi st.

Diagnosis
Somatic dysfunction of the sphenobasilar symphysis is SBR right 
(SBS is SBRR).

The sphenoid and occiput have rotated on an AP axis so that 
the right side of the cranium is relatively inferior (caudad) and 
the left side is relatively superior (cephalad). Concomitant with 
that position, the greater sphenoid wing and the lateral angle of 
the occiput on the right side are slightly spread and the greater 
sphenoid wing and the lateral angle of the left occiput are slightly 
approximated.

Treatment
Treatment is indirect method, balanced membranous tension, with 
exaggeration and inherent forces to balance the RTM.

Procedure
1. Position the patient supine
2. Sit at the head of the table

Figure 48-8 “Vault hold” for contact of the cranium. (From Hruby 
R. Craniosacral Osteopathic Technique: A Manual. 2nd Ed. Okemos, 
MI: The Institute for Osteopathic Studies, 1996:33l, with permission.)
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The V-spread (Fig. 48.10) is a very simple, safe technique for 
releasing any peripheral suture such as frontonasal, nasomaxillary, 
or occipitomastoid. The technique is as follows:

1. Place the index and middle fi ngers of the ipsilateral hand on 
either side of the suture. For a linear suture like the occipito-
mastoid, use the palmar surface of the length of two fi ngers. For 
a small suture like the frontonasal, use the fi ngertips

2. Place the palm of the other hand on the patient’s head at the 
other end of the longest diameter of the head from the suture 
(e.g., for the left occipitomastoid), place the hand on the right 
frontal only. You will soon perceive a gentle impulse coming 
into the palm of this hand. Now cluster the fi ngers at the site 
of that impulse. You have thereby localized the optimum place 
from which to direct a palpatory sensation of a “fl uid wave” to 
the restricted suture. As long as the suture is restricted, the fl uid 
sensation will “bounce” back, but as soon as it releases, you will 
feel a gentle, easy motion between your hands

Treatment procedures of the cranium should be used only by physi-
cians experienced with palpation of the subtle activity of the PRM. 
Guidance by a physician experienced with the function of the PRM 
and the inherent forces is essential to learning this technique.

SUMMARY

Much research remains to be done in order to demonstrate the 
exact mechanisms involved in craniosacral dysfunction and recov-
ery. However, more than 55 years of clinical experience has indi-
cated that the use of OCF/CO has given relief to many patients in 
whom no other treatment was effective.
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Strain and Counterstrain Approach
JOHN C. GLOVER AND PAUL R. RENNIE49

K E Y  C O N C E P T S
■ Astute clinical observation (Jones) followed by progressive exploration of a line of thought represents the 

development of this approach.
■ Treatment of somatic dysfunction can be enhanced by placing the patient’s body in a position of maximum 

comfort. Effective use of this approach requires exploration of anterior and posterior body areas for appropriate 
diagnosis(es).

■ Correlations between symptoms, history and physical examination, structural findings and associated tender points 
are necessary preparation for utilization of this approach.

■ Tender points described and utilized in this approach are most commonly found in muscle tissue. Explorations of 
muscle involvement through research activity continue to elaborate the involvement of various body systems.

INTRODUCTION

Initially, Lawrence H. Jones, D.O., F.A.A.O., referred to his new 
treatment approach as spontaneous release by positioning (5) but 
found this term to be cumbersome. Dr. Jones decided to use a 
shorter term, strain-counterstrain, describing what he believed was 
more descriptive of the underlying physiologic mechanism he used 
to treat somatic dysfunction. Jones, once he formalized its teaching, 
always referred to the manipulative treatment model he developed 
as strain-counterstrain. In this chapter, we refer to this method as 
counterstrain, the terminology used in the Glossary of Osteopathic 
Terminology (Educational Council on Osteopathic Principles, 
2009) and by most practitioners.

Manipulative treatment models are divided into two primary 
divisions: direct and indirect, based on the initial positioning of the 
patient relative to the restrictive barrier. Counterstrain is an indirect 
model with the initial positioning away from the restrictive barrier. 
It has a unique advantage over other manipulative treatment mod-
els in that the patient can provide feedback to the physician to indi-
cate when they are in the correct position for treatment. The model 
is also highly accessible to the student who has limited palpatory 
skills and treatment experience. In fact, counterstrain is often 
taught early in an osteopathic curriculum because it is a treatment 
model that novice students can use and experience success. Addi-
tionally, if the student pays attention to the tissue changes under 
their monitoring hand, they will learn to palpate the more subtle 
tissue changes needed to be effective in applying other manipulative 

heavy load. Due to muscle fatigue from lifting and bending all 
day and the heavy load, he strained the erector spinae muscles 
that produced the pain. When he stood up rapidly to protect 
the strained erector spinae muscles from further damage, the 
rapid lengthening of the shortened antagonist iliopsoas muscles 
reported a strain to the central nervous system before an actual 
strain occurred. This resulted is hypershortened iliopsoas mus-
cles containing Jones tender points. The lumbar strain (erector 
spinae) will heal, but the Jones tender points will remain in the 
muscles until the somatic dysfunction is treated.

CASE STUDY

A 45-year-old male presents to the office with a complaint of non-
radiating low back pain of 2 weeks’ duration. The pain is described 
an intense deep pain at times and achy at other times. It is worse 
when he tries to stand upright. The problem began 2 weeks ago 
when he spent a day cleaning out his garage. After working most 
of the day bending and lifting to go through boxes and move them 
into a storage cabinet, he lifted a very heavy box of books. He was 
bent over at the waist and had barely lifted the box off the ground 
when he felt a sharp pain in his low back. He dropped the box and, 
as a reflex reaction, stood up quickly. He went inside to sit down 
to rest, and when he tried to stand up from the chair, he had a low 
back spasm and could not stand upright. Over the course of the 
last 2 weeks, he has tried hot showers, a heating pad, a topical anal-
gesic cream, and Extra Strength Tylenol, all without much benefit. 
The patient denies any change in bladder or bowel function.

Physical examination: 
Vital signs within normal limits (P: 72, R: 14, BP: 118/74, 
T: 98°F), HEENT, cardiovascular, pulmonary and abdominal 
exams are within normal limits. Neurological exam: normal 
lower extremity DTRs (2+/4+ bilaterally) and normal sensation 
in the lower extremities. Straight leg raising test is negative. 
Structural exam reveals a discrete area of intense tenderness to 
palpation and tissue texture abnormalities at the level of the 
anterior superior iliac spine (ASIS), one-third the distance to 
midline and deep in the abdomen bilaterally over the iliopsoas 
muscles with the left more tender than the right.

Diagnosis:
1. Lumbar strain, left greater than right
2. Somatic dysfunction—lumbar spine and abdomen

Plan: 
Osteopathic manipulative treatment using counterstrain with 
good results and well tolerated by the patient.

Discussion: 
The initial injury occurred when the patient used the erector 
spinae muscles from a stretched position as the agonist to lift a 
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750 III • APPROACH TO THE SOMATIC COMPONENT

discrete area of tenderness. Jones placed the man in a position of 
comfort to treat the psoitis and then palpated the tender area from 
the groin injury. To their mutual surprise, the tissue was no longer 
tender. Jones slowly returned the patient to a neutral position and 
palpated the area again. He found no evidence of tenderness.

Jones had discovered that there were anterior as well as pos-
terior tender points. He began to search for tender points on the 
front of the body ( Jones, 1966). This observation is consistent with 
the osteopathic principle of the body is a unit. The emphasis on 
spinal function and posterior diagnostic evaluation had eclipsed 
this connection.

Other treatment approaches to the musculoskeletal system 
have identifi ed discrete areas of tense tender tissue. Travell (Travell 
and Simons, 1999) developed an approach and used the term trig-
ger point to describe tense areas. Jones et al. (1995) initially used the 
same term, but later referred to these areas as tender points. Jones 
described over 300 specifi c tender points, and new tender points 
continue to be found. Through correspondence, Travell and Jones 
identifi ed similarities and differences between their points. Table 
49.1 provides a comparison of trigger and tender points.

Jones’ theory for the mechanism of action in counterstrain is 
that the initial injury produces a sudden “panic” lengthening of the 
antagonist muscle to the originally strained and painful agonist mus-
cle. Jones treated the tender point associated with the asymptomatic 
antagonist muscle by shortening this muscle, which also places the 
originally strained and painful muscle back into a stretched position, 
the position of the original strain, thus producing a counter to the 
strain.

Dr. Jones made two important discoveries:

1. Placing the body into a position of maximum comfort can treat 
somatic dysfunction

2. The anterior aspect of the patient must be evaluated, as well as the 
posterior, to effectively diagnose and treat somatic dysfunction

THEORETICAL PHYSIOLOGIC BASIS 
OF COUNTERSTRAIN

Physicians have demonstrated the clinical benefi ts of counter-
strain for over 50 years (Anonymous, 1989; Bailey and Dick, 1992; 
Brandt and Jones, 1976; Cislo et al., 1991; Jacobson, 1989; Jones, 
1973; Radjieski et al., 1998; Ramirez et al., 1989; Schwartz, 1986). 
Counterstrain basic research has been limited to only a few studies. 
(Howell et al., 2006; Luckenbill-Edds and Bechill, 1995; Wynne 

treatment models. While counterstrain can be learned early in 
manual skills development, it can continue to be used effectively as 
the sole manipulative treatment model by experienced physicians 
and is also used in combination with other models.

HISTORY

Counterstrain began as an unexpected discovery in 1955. A young, 
athletic-looking man visited Lawrence H. Jones, D.O., F.A.A.O. 
( Jones, 1981), because he had developed a psoasitis 2½ months 
before seeking treatment that left him in pain and unable to stand 
erect. The injury was not caused by trauma, but it gradually wors-
ened over the 2½ months. Since the onset, the man had received 
treatment by two chiropractors with no substantial improvement. 
Jones treated the man several times with thrust-type treatment 
over the course of 6 weeks with no better results.

At one visit, the man reported diffi culty sleeping due to pain. 
Jones worked with the patient for 20 minutes to fi nd a comfortable 
sleeping position. After fi nding the position, Jones left the young 
man in the position and went to treat another patient. When Jones 
returned, he assisted the young man to a standing position and 
to their mutual surprise, the patient stood erect and pain free for 
the fi rst time in 4 months. Jones was impressed by the results and 
decided to investigate these fi ndings.

Jones experimented by treating patients with whole-body 
positions of comfort. He had frequent success and wanted to 
shorten the time in the treatment position. He observed that there 
were discrete tender paravertebral areas prior to treatment that 
became pain free after time in the position of comfort. Dr. Jones 
then began positioning only the affected region of the body, and 
this reduced the time in the treatment position. He experimented 
with reducing the amount of time needed for treatment. Ninety 
seconds in the position of comfort proved to be the optimal time 
required to benefi t the patient. Shorter periods of time did not 
always produce lasting relief, and longer periods did not necessar-
ily yield greater benefi t. He also began mapping the discrete areas 
of tenderness and correlating them to specifi c somatic dysfunc-
tions identifi ed by the traditional methods he learned in osteo-
pathic medical school.

Jones found that he could only fi nd the discrete paravertebral 
areas of tenderness in half of his patients. More answers came when 
Jones saw another patient he was treating for psoitis who thought 
he developed a hernia from an accident in his garden. Although 
the physical examination revealed no inguinal hernia, there was a 

T A B L E  4 9 . 1

Comparison of Trigger Points and Tender Points

Trigger Point Tender Point

Patient presents with characteristic pain pattern Typically no characteristic pain pattern
Located in muscle tissue Located in muscle, tendons, ligaments, and fascia
Locally tender Locally tender
Elicits jump sign when pressed Elicits jump sign when pressed
Elicits a radiating pain pattern when pressed No radiating pattern when pressed
Present within a taut band of tissue Taut band not present
Elicits twitch response with snapping palpation Twitch response not present
Dermographia of skin over point Dermographia not present
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has not occurred). The end result is hypertonic myofascial tissue 
and restricted motion. A guarding refl ex by the patient, without 
actual mechanical trauma, can also produce the inappropriate 
refl ex. Although this model does explain the development of ten-
der points in muscle tissue, it does not explain tender points in 
other types of tissue.

Trauma produces change in myofascial tissues at microscopic 
and biochemical levels (Mense, 1997). The force of the trauma 
causes damage to myofi brils and their microcirculation. Myofi -
bril damage interferes with the actin-myosin bridges and changes 
the chemistry around them. Nociceptive information is carried to 
the central nervous system to alert the body to the tissue dam-
age. The tissue disruption and subsequent chemical changes cause 
the tissue to become more sensitive to touch and may be part of 
the reason for the formation of a tender point. The damage to the 
microcirculation changes intramuscular pressure and muscle func-
tion. A small increase in intramuscular pressure can produce mus-
cle fatigue due to decreased cellular metabolism (Mense, 1997). 
This change in metabolism changes the chemical matrix around 
the myofi brils and can produce nociceptive activity resulting in 
tenderness (Mense, 1997).

A tender point is sensitive to palpation and therefore must be 
related to nociceptive activity. The position of comfort used to treat 
a somatic dysfunction with counterstrain is a very specifi c three-
dimensional position in space. When the optimal position of com-
fort is established, the tenderness of the tender point disappears 
or becomes insignifi cant. This seems to indicate a neural relation-
ship between the tender point and the somatic dysfunction. Neural 
messages are rapidly transmitted and used by the body when quick 
responses are needed. Palpation of changes at the tender point and 
in the surrounding tissue suggests that in addition to the neural 
component, the position of comfort also produces changes in the 
myofascial tissue and small circulatory vessels.

A clue for the treatment time comes from the palpation of a 
pulsation, the therapeutic pulse, at a tender point location. The fre-
quency of the pulsation is the same as the cardiac rate and would 
therefore suggest a circulatory relationship. Another important 
element is that the pulsation is not present before positioning; it 
develops only when the patient is moved close to the position of 
comfort and disappears after myofascial tissue relaxation. This pro-
cess takes approximately 90 seconds to occur. The pulsation phe-
nomenon does not occur with every tender point; however, when 
it is palpated, it does correlate with markedly improved treatment 
response.

Indications

Identifi cation of the presence of a tender point is an indication 
for counterstrain. Tender points can be found in acute and chronic 
musculoskeletal conditions. They may also be found in association 
with a viscerosomatic refl ex. The tender points may be the primary 
indication of somatic dysfunction or develop secondary to another 
primary cause for somatic dysfunction such as a joint restriction. 
Counterstrain is indicated for any patient who is hesitant about the 
forces used in other forms of manipulative treatment, a frail patient 
or a trial of manipulative treatment to access a patient’s tolerance. 
Tender points have been identifi ed in every region of body.

Contraindications

Absolute contraindications are rare when considering the use of 
counterstrain. The presence of a fracture in the area used to treat 
the somatic dysfunction would be a contraindication. Another 

et al. 2006). One study showed a change in the muscle spindle 
following counterstrain treatment, supporting Dr. Jones hypoth-
esis (Howell et al., 2006). More studies need to be done, especially 
electromyography studies of tissues containing the tender points, 
to demonstrate the specifi c muscles, ligaments, etc. associated with 
the somatic dysfunction.

Understanding muscle physiology provides some answers 
because tender points are most commonly found in muscle tissue. 
The neural system is another key component in the development 
and maintenance of somatic dysfunction. A third element impor-
tant to understanding counterstrain is the role of the circulatory 
system.

At the time Jones was formulating his ideas about counterstrain, 
Korr (1974) published an article on proprioceptors and somatic 
dysfunction, which helped to explain the role of the propriocep-
tors in muscle tone and the response to injury. Another important 
part of the model is the gamma system and its role in muscle tone. 
Van Buskirk (1990) described the important role of nociception in 
somatic dysfunction. The role of the circulatory system has been 
described (Rennie et al., 2004) and needs further exploration and 
has not yet been adequately explained.

One of the most important characteristics of the counterstrain 
model is the relationship between tender points and somatic dys-
function. The location of a specifi c tender point is constant from 
one patient to another. This suggests a strong anatomic basis for 
their location. Different myofascial structures including tendons, 
ligaments, fascia, and muscle bellies have all been found to con-
tain tender points. Myotomal, dermatomal, and sclerotomal rela-
tionships have been proposed to explain the relationship between 
a specifi c anatomic segment and the related tender points (Beal, 
1985; Yates and Glover, 1994; Rennie et al., 2004). Another inter-
esting anatomic correlation is the close location of tender points in 
areas where motor points are found (Rennie et al., 2004). A motor 
point is the site where the motor nerve pierces the investing fascia 
and enters the muscle it innervates.

Mapping the pathways of afferent nerves and the central sys-
tem is important to understanding the role of the afferent ner-
vous system. The bulk of afferent input comes from the soma 
(as opposed to the viscera). This difference is so great that nocicep-
tive messages from the viscera are typically interpreted as being 
of somal origin. This unequal distribution can also be seen with 
the illustration of the homunculus in the cerebral cortex. The 
homunculus illustrates the proportional area in the cortex devoted 
to sensing and interpreting afferent input from different locations 
in the periphery. The neuronal “crosstalk” in the central nervous 
system between sensory and motor nerves is the source of the vari-
ous refl exes between the viscera and the soma. It also provides an 
explanation for the effect counterstrain treatments have on visceral 
function and circulatory fl ow.

Normal function of the gamma efferent system is partly 
responsible for the change in muscle tone with changing demand. 
Jones proposed that the gamma system is responsible for the devel-
opment of an inappropriate proprioceptive refl ex associated with 
somatic dysfunction. A rapid lengthening of the myofascial tissue 
sets up the inappropriate refl ex. An event occurs that produces 
rapid lengthening of a muscle. Afferent feedback indicates pos-
sible myofascial damage from a strain. The body tries to prevent 
the myofascial damage by rapidly contracting the myofascial tis-
sue that may be strained. This produces a rapid lengthening in the 
antagonist muscle. It is proposed that the rapid lengthening of the 
antagonist produces the inappropriate refl ex, which is manifest as 
a tender point. The theory is that the nociceptive feedback from 
the antagonist is interpreted as a muscle strain (although a strain 
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DIAGNOSIS

Several different approaches can be used. History and observa-
tion can be an indicator of tender point location. If the patient 
can recount accurately the mechanism of the injury, it can lead the 
physician to the tender point. For example, a patient whose injury 
occurred in a fl exed position typically has a tender point on the 
anterior aspect of the body and the treatment position is to approx-
imate the position of injury. Observation of the patient’s habitus 
provides valuable clues to the location of signifi cant tender points. 
A patient who has diffi culty standing upright and is more comfort-
able in a forward bent position typically has tender points on the 
anterior aspect of the body. The more forward or backward bend 
without sidebending and rotation the more likely the tender point 
will be located close to the midline. If the patient is most comfort-
able with a sidebent and/or rotated position, then the tender points 
are more likely to be located lateral to the midline. The report of 
pain patterns by the patient can be used to identify specifi c muscle 
groups that may contain tender points (Myers, 2006).

Another method is to do a neuromusculoskeletal exam and 
after segmental diagnosis is made to look for the tender points 
associated with the segment. If the segment is fl exed, rotated, and 
sidebent to the right, there is commonly a tender point on the ante-
rior aspect of the body on the left side, but there also may be tender 
points on the right anterior or either the right or left side on the 
posterior aspect of the body.

Still another method is to scan the tender points in the region 
of the complaint and one region above and below the area of the 
complaint. A thoracic complaint may yield signifi cant tender 
points in the thoracic, cervical, lumbar, or costal regions as well 
as the upper extremities. It is always important not to narrow the 
evaluation of a patient just to the area of the complaint.

TREATMENT

Counterstrain is a very gentle technique that is well tolerated by 
most patients. The patient is not subjected to any external force other 
than gentle positioning. In addition, patients do not generate force 
from their own muscle contraction to produce effective treatment. It 
is an indirect technique, with positioning away from restrictive bar-
riers; therefore, it is tolerated in both acute and chronic problems.

Counterstrain is based on identifying tender points associated 
with somatic dysfunction and positioning the patient to eliminate 
the tenderness of the point. Counterstrain is easy to understand 
and apply; however, mastery requires time to learn the location of 
tender points; skill in fi ne-tuning the treatment position for maxi-
mum results; and the clinical experience to understand the correla-
tions between symptoms, structural fi ndings, and associated tender 
points. The basic steps for treating somatic dysfunction with coun-
terstrain after a relevant osteopathic neuromusculoskeletal exam 
are as follows:

1. Find the most signifi cant/relevant tender point
2. Establish a tenderness scale
3. Continuously monitor tender point tenderness and tissue texture
4. Place the patient passively in a position that results in the great-

est reduction of tenderness and tissue texture abnormality at the 
tender point (position of comfort/ease)

 (a)  Slowly position the patient towards a position of com-
fort/ease, with large movement initially, while the patient 
remains passive

 (b)  Then, fi ne-tune the position through small arcs of move-
ment in multiple planes of motion to fi nd the greatest posi-
tion of comfort/ease

would be the treatment of a patient with a torn ligament in the area 
to be treated where positioning for treatment would risk further 
tearing. All other contraindications for not using counterstrain are 
relative. Patients who cannot voluntarily relax are not good candi-
dates for counterstrain. Children who cannot remain passive are 
poor candidates. Some of the elderly who confuse not moving with 
relaxation and cannot be taught the difference do not respond well 
to counterstrain. Severe osteoporosis where positioning the patient 
for treatment may risk a fracture is contraindicated, although this is 
typically not a problem because the position for treatment is within 
a patient’s range of motion and therefore should not cause a prob-
lem. Treatment of the cervical spine in patient with vertebral artery 
disease may be contraindicated with severe disease. This applies 
especially to positions with marked rotation and/or hyperextension. 
In addition, severely ill patients who may not tolerate a treatment 
reaction are not good candidates although counterstrain has been 
used very effectively in the hospital setting, including intensive 
care units. An example of this situation is in the case of a patient 
who is having a myocardial infarction. A classic presentation with 
all the signs and symptoms would cause the physician to get the 
patient to a hospital for treatment, but if the signs and symptoms 
are not classic, a viscerosomatic refl ex associated with the myocar-
dial infarction may be treated, reducing the discomfort and delay 
getting prompt treatment for the myocardial infarction.

PHASES OF PALPATORY DEVELOPMENT

There are two basic phases in the development of palpatory and 
treatment skills used to treat patients with counterstrain. The 
fi rst is to identify the various locations where tender points may 
be found by following the descriptions given in a counterstrain 
text, pressing the location, and asking the patient if it is tender. 
Initially, many students are unable to identify the tissue texture 
abnormalities associated with the presence of a tender point and 
rely on the patient’s response to their pressing the tender point 
location. This same method is used to position the patient. The 
novice practitioner moves the patient in a direction that should 
shorten the dysfunctional myofascial tissue (or that reproduces 
the treatment position given in a text) and relies on the patient 
response of the level of tenderness to indicate if the treatment 
position is being approached. This method is effective, but time 
consuming.

A patient who does not perceive tenderness of a tender point 
despite the presence of a tender point is referred to as a stoic patient. 
Counterstrain is not effective on these patients if the student relies 
totally on the patient’s response because the patient is incapable 
of providing an accurate response. The second phase of learning 
begins when the student can perceive the tissue texture abnormali-
ties characteristic of a tender point. These tissue texture abnormali-
ties will alert a student to the presence of a tender point before the 
patient experiences tenderness as the student presses the tender 
point.

Another important step for the student is the ability to pal-
pate changes in the tissue texture abnormality of the tender point 
during treatment. A change of position of the patient toward the 
position of maximal comfort will cause decreased tension or soft-
ening of the tissue of the tender point. This allows the student to 
know immediately if they are moving the patient in the correct 
direction for treatment. Experience will also allow the student to 
correlate the degree of tissue change with the amount of positional 
change needed. The changes in tissue texture can also be used 
to determine when the time needed in the treatment position is 
suffi cient.
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5. Maintain this position for 90 seconds while the patient remains 
passive

 (a)  Continuously monitor the tender point for tissue texture 
changes

 (b) Periodically retest for tenderness
6. Slowly return the patient passively to the pretreatment position 

while maintaining contact with the tender point
7. Reevaluate for resolution of tenderness and tissue abnormality 

at the tender point

Step 1: Find the Most Signifi cant/Relevant 
Tender Point

Tender points are typically located in tendinous attachments or in 
the belly of a muscle. Additional tender points are found in other 
myofascial tissues (tendons, ligaments, and myofascial sheets) asso-
ciated with the joint dysfunction. Tender points are typically dis-
crete, small, tense, and edematous. The areas are typically smaller 
than a fi ngertip, and they are exquisitely tender. A signifi cant ten-
der point is about four times more tender than the adjacent tis-
sue. Tender point tissue changes may range from several inches to 
almost nothing. The tissue of the tender point is found to be more 
tense than the surrounding tissue.

It is essential to identify the most signifi cant tender point asso-
ciated with the somatic dysfunction rather than just fi nding a point 
that is tender. Due to the exquisite tenderness of signifi cant tender 
points, a patient will typically jump, wince, guard, or push your 
hand away when you press the tender point. Patients are often sur-
prised with the amount of tenderness, especially when they were 
unaware of the existence of the tender point. In rare cases, a patient 
does not perceive tenderness when a tender point is pressed, but 
they still can be treated with counterstrain by monitoring tissue 
changes, rather than the patient’s reactions, that occur during 
treatment.

Palpate for a tender point with the pad of your fi nger or thumb. 
The pads of the fi ngers are profoundly more sensitive to tactile 
input and are better at identifying the location of tender points. 
Avoid using the fi ngertips, especially if you have long fi ngernails. 
Fingertips are less sensitive and can elicit iatrogenic tenderness.

Palpation should be slow and fi rm but gentle. The pressure 
used to elicit a tender point is typically a few ounces and not strong 
enough to elicit tenderness in normal tissue. Jones recommended 
using the amount of force needed to blanch under the fi ngernail of 
the palpating fi nger. The vector of pressure is also important. Typi-
cally, the tissue of the tender point is pressed onto more rigid tissue 
like bone or cartilage. Do not forget to check for other pathology 
that might produce tenderness that is not related to neuromuscu-
loskeletal tender points, such as infection, infl ammation, or pathol-
ogy of visceral origin.

Before the physician begins palpating for tender points, ask 
the patient to report any tenderness as you palpate. The physician 
is palpating for tissue texture abnormalities, especially edema and 
tension before the patient experiences tenderness. Verify the pres-
ence of a tender point by asking the patient if the area is tender 
while the potential tender point is pressed briefl y. The tenderness 
of a tender point is an objective sign elicited by physically palpating 
the dysfunctional area. In contrast, pain is a subjective symptom 
that the patient may experience without palpation. Jones found 
that tender points are often found in nonpainful areas.

One method to determine where tender points may be found is 
to perform an osteopathic structural examination noting any altera-
tion of movement, asymmetry of paired landmarks, or tissue texture 
abnormalities. Palpating these areas for tender points is how Jones 

originally found many of the tender points he described. Evaluate 
the patient for variations from ideal posture and palpate those areas 
for tender points. For example, a patient presenting with fl attening 
of the normal thoracic kyphotic curve is likely to have one or more 
posterior thoracic tender points associated with the extension in 
this region. Tender point locations can also be suggested based on 
clinical history and presenting complaints. By knowing the posi-
tion in which the original injury occurred, the most likely places 
for signifi cant tender points can be deduced. Many myofascial pain 
patterns have been described by Travell and may provide additional 
correlation.

The presence of a signifi cant tender point will result in the 
patient attempting to obtain a comfortable posture to alleviate the 
functional distress. This is an unconscious attempt by the patient to 
shorten and relieve tense myofascial tissues. Patients tend to bend 
around a tender point. That is, tender points tend to be at the focal 
point of the concavity of the postural adaptation. If the patient 
is forward bent, tender points tend to be anterior. If a patient is 
backward bent, tender points tend to be posterior. Jones found that 
a patient who presents sidebent to one side usually has a tender 
point on the opposite side of the spine (L.H. Jones, personal com-
munication, 1993).

Tender points are frequently found in areas other than the 
area of pain or discomfort. The primary or key strain may induce 
a secondary or compensatory strain elsewhere, which may be more 
symptomatic. For example, when the psoas muscle chronically stays 
in spasm, patients seldom complain of abdominal or anterolateral 
hip pain. Instead, they complain of pain in the lumbosacral or sac-
roiliac regions, due to the strain and compensation of those regions 
by the psoas spasm. Tender points may be 180 degrees around the 
body from the site of the presenting pain. For example, in a patient 
with pain between the shoulder blades, the tender point is often 
on the sternum. It is also possible to have both anterior and poste-
rior or right and left tender points associated with the same ana-
tomic segmental level. This is because tender points are mediated 
through the nervous system and can result in multiple points for 
a single somatic dysfunction. If there are multiple tender points in 
a given area, ask the patient which is the most tender. Then, treat 
the most severe tender point fi rst. Associated but less signifi cant 
tender points often disappear after successful treatment of the ten-
der point.

If the tender point results from a viscerosomatic refl ex, ten-
derness returns within minutes or hours, not days. When this 
is found, a thorough review of the patient’s medical history and 
more careful physical examination are needed. Be sure all of the 
possible causes of the original tenderness have been considered. 
(For more information about viscerosomatic refl exes, refer to the 
discussion of viscerosomatic refl exes in the basic science section 
of this book, or read Beal’s article (1985) ). This information is 
also important when treating patients in the hospital. (Refer to the 
article by Schwartz (1986) on the treatment of hospital patients 
with counterstrain.)

Initially, the physician will palpate the anatomical location of a 
tender point as described by Dr. Jones and others and then test for 
the presence of a tender point. As the physician’s skill grows, tis-
sue texture abnormalities, typically increased tension, will become 
evident well before the patient reports any tenderness. The skilled 
palpating hand will zero in on the area of greatest tissue change 
and then confi rm the identifi cation of a signifi cant tender point 
by pressing on the tissue to elicit tenderness from the patient. This 
ability to palpate the tissue changes associated with the tender 
point will also be used for more accurate positioning and will allow 
the physician to treat a stoic patient.
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Step 2: Establish a Tenderness Scale

To facilitate the communication between physician and patient, it 
is important to establish a means of monitoring the level of tender-
ness of the tender point. Physicians typically use a tenderness scale 
to enhance verbal feedback with the patient. Several scales have 
been used effectively. The one most commonly used is a 0-to-10 
scale, with 10 being equal to the level of tenderness prior to posi-
tioning for treatment and 0 representing the absence of tenderness. 
The scale represents a continuous range from the pretreatment 
tenderness (a 10) to the elimination of tenderness (a 0). The num-
ber does not represent a fi xed quantity of tenderness. The 10 of 
one tender point is different to the 10 of another tender point. The 
scale allows the patient to communicate changes in tenderness and 
is correlated with palpatory changes. The same amount of pressure 
should be used each time the physician attempts to elicit tender-
ness of a specifi c point although different pressures are needed for 
different tender points due to different amounts of tissue over the 
tender points. It should be emphasized to the patient that this is 
not acupressure or a form of massage. Firm pressure is applied only 
when trying to determine the level tenderness. At other times, only 
light contact is maintained. This feedback provides a means for 
monitoring the effectiveness of positioning and treatment for both 
patient and physician.

Step 3: Monitor Tender Point Tenderness 
and Tissue Texture

It is important to maintain contact with the tender point through-
out treatment. This allows the physician to palpate the tissue 
changes that occur at the tender point when establishing the opti-
mal treatment position as well as the end point of treatment. The 
pressure used to monitor the tender point is less than what is used 
to test for tenderness. Monitoring pressure allows enough force to 
maintain contact with the myofascial tissues of the tender point 
without causing tenderness in the patient. A patient in pain does 
not relax well and therefore is more diffi cult to treat.

After a signifi cant tender point is selected for treatment, it is 
monitored as the physician begins to move the patient toward the 
position of comfort described by Dr. Jones and others. The myo-
fascial tissues of the tender point will begin to relax as the patient 
is moved toward the correct treatment position. About half way to 
the described treatment position, the physician stops and tests the 
level of tenderness. The pressure used to test for the level of tender-
ness is increased to the fi rm pressure used initially to test for the 
presence of a tender point. Jones found it requires about four times 
the pressure on normal tissue to produce tenderness as it does to 
elicit tenderness of a tender point ( Jones et al., 1995). The pres-
sure should be applied as a short quick push, not a long slow sus-
tained amount of pressure. If the physician is moving the patient 
in the correct direction, the tenderness will decrease. The closer 
to the optimal position, the less tenderness is present. Once the 
physician is able to palpate changes in tissue texture, the changes 
can be used to determine if the patient is being positioned cor-
rectly. For example, if the physician is moving the patient toward 
the optimal position, the tissues typically relax. If the patient is 
moving away from the optimal position, the tissue tension typi-
cally increases. Experience will teach the physician the correla-
tion between tissue changes and the level of tenderness. This is 
then used to fi nd the optimal position of comfort more effi ciently 
by taking less time to fi nd the optimal position. Each new posi-
tion is accompanied by retesting the tenderness of the tender 
point.

Step 4: Place Patient Passively in Position 
of Comfort

One of the advantages of counterstrain is that treatment is always 
in a position of comfort or ease. By placing the patient in a position 
of comfort, discomfort is avoided and further injury is unlikely to 
occur. Counterstrain can be used for patients with a wide variety 
of medical conditions, unless gently moving the patient into the 
specifi c treatment position is contraindicated. A word of caution: 
medical judgment must always be used to determine the appro-
priateness of any treatment. Every patient needs to be evaluated 
thoroughly on an individual basis. The only absolute requirement 
is that the patient must be relaxed while the physician places the 
dysfunctional area of the body into the position of comfort and 
maintains it during treatment.

The optimal position of comfort is a very specifi c position in 
space. The position is similar for the same tender point in different 
patients, but the exact position is unique for each patient. To fi nd 
the optimal position, the physician uses a combination of palpa-
tion and feedback from the patient. Maintaining continuous light 
contact with the tender point during treatment is important for 
maximum effectiveness and effi ciency.

The fi rst step in positioning is to approximate the position 
expected. The expectation may be from previous clinical experi-
ence, patient history, or from looking at an illustration of the posi-
tioning in a counterstrain book. The purpose of the positioning is 
to reduce the tension on the dysfunctional myofascial structures. As 
a rule, the closer tender points are to the midline, the more fl exed 
or extended is the patient’s presenting posture, and more fl exion 
or extension is required for the treatment position. With tender 
points more lateral to the midline, more sidebending and rotation 
are usually required for treatment. Sidebending and/or rotation of 
the body away from the tender point are the most common posi-
tions needed for effective treatment.

Slowly move the patient toward the described or expected posi-
tion of comfort while monitoring the tender point for relaxation of 
the tissue. When marked relaxation of the tender point is palpated, 
stop moving the patient. Press the tender point and ask for the level 
of tenderness. If the level of tenderness is greater than 3 on the 
10-point scale, continue to move the patient in the same direction. 
Then, as signifi cant relaxation is palpated, stop movement and test 
again. Repeat this process until the tenderness level is three or less. 
If the number increases, return in the direction just traveled and 
retest. It may be necessary to change direction or add other direc-
tions to fi nd the correct position. Figure 49.1 shows the changes in 
tenderness as the patient is moved from a neutral starting position 
to the position of comfort and beyond.

From the beginning of positioning to about half way to the 
position of comfort, large movements are typically used because 
the reduction in tenderness is small for the distance traveled. As 
you get close to the optimal position, fi ne-tuning the position with 
small motions is required. A small change in position at this point 
in the treatment markedly reduces tenderness. For example, sev-
eral inches of movement close to the neutral position may reduce 
the tenderness by one on the scale, whereas it may take only one 
quarter inch of movement close to the optimal position to reduce 
the tenderness the same amount. Slow, small movements, constant 
light contact of the tender point for monitoring, and retesting the 
tender point for reduction of tenderness with each new position 
all allow the practitioner to fi nd the precise position of optimal 
comfort. If the optimal position is overshot, the level of tender-
ness will increase. Fine-tune the position until the tenderness has 
been reduced by at least 70% (3 on the scale), preferably 100%. The 
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relaxed without contracting the dysfunctional myofascial tissue. The 
90 seconds does not begin until the patient is completely relaxed. It 
may be necessary to remind the patient to stay relaxed several times 
during the 90 seconds, because often the patient contracts muscles 
unconsciously. An apparent decrease in the patient’s weight as you 
support them in the treatment position is an indication that the 
patient is contracting muscles. Patients who are not comfortable 
will not be able to relax for the entire 90 seconds. Also, if the prac-
titioner is not comfortable, it is diffi cult to hold the patient in the 
treatment position for 90 seconds. You may need to experiment to 
fi nd the best way to remain comfortable during treatment. Each 
patient and clinical setting offers different challenges. It may be 
necessary to invent a new treatment position to enable both the 
patient and yourself to remain comfortable. This is especially true 
with pregnant patients, patients with some degree of paralysis, hos-
pitalized patients, and with physician-patient size mismatches.

Dr. Jones used 120 seconds to treat rib dysfunctions. When 
asked if these tender points were different in some way to all the 
other tender points, Dr. Jones said they were not different. His 
stated reason for increasing the time to 120 seconds was purely 
behavioral. He felt that most patients were a little uncomfortable 
leaning up against the physician, so he gave them an additional 30 
seconds to relax. Once the patient is in the position of maximal 
comfort for the rib tender point, the same 90 seconds is all that is 
needed to treat the dysfunction. The tender points are not differ-
ent, but the physician must be aware of the patient’s state of relax-
ation and comfort being close to the physician. This is critical in all 
areas of the body and a common reason for failure of a physician to 
get a good response using counterstrain.

Feel for tissue changes in the tender point and surrounding tis-
sue. As time in the treatment position increases, the tissue relaxes 
and you should feel a softening. The myofascial tissue around the 
tender point may begin to move in a seemingly random pattern. 
This sensation is due to the relaxation of myofascial tissue in 
different planes. Although treatment time may not always be exactly 
90 seconds, it is important to maintain the treatment position for 
90 seconds when beginning to learn counterstrain. The ability to 
palpate myofascial release patterns enhances counterstrain treat-
ment and can also be used to improve palpatory skills needed for 
myofascial release techniques. As discussed earlier, you may also 
feel the therapeutic pulse. Once the random motion becomes sym-
metrical or the therapeutic pulse disappears, it is time to move 
the patient back to the starting position. Once the tissue changes 
that signal the end of treatment can be palpated with confi dence; 
watching a clock is no longer necessary.

position of comfort must be at least 70% improved over the initial 
tenderness, or the technique is ineffective. Jones recommended 
a reduction of two thirds, and other practitioners have suggested 
three fourths. An effort should be made to maximally reduce the 
tenderness. The extra time spent trying to eliminate the tenderness 
will signifi cantly increase the effectiveness of the treatment.

A common mistake is to use constant fi rm pressure on the 
tender point throughout the treatment sequence. Instead, constant 
light contact should be maintained. Once the optimal treatment 
position has been determined, be sure to maintain only light con-
tact with the myofascial tissue of the tender point. There are three 
important reasons for maintaining contact:

1. Tissue changes that occur in the tender point can be monitored 
more easily and aid in determining the end point of treatment

2. The tender point can continue to be fi ne-tuned while maintain-
ing the optimal position of comfort, because the position may 
change slightly during treatment

3. Both the patient and the practitioner can be confi dent of the 
location of the tender point

The third reason may seem unimportant, but when contact with 
the tender point is lost, the patient may question whether the same 
point is being pressed. Also, the practitioner may have diffi culty 
reestablishing contact with the point with enough confi dence to 
allow an accurate recheck.

At times, a pulsation in the tender point may be palpated. This 
is referred to as the therapeutic pulse. Although its intensity may 
vary, it is often close to the intensity of the radial pulse. In fact, 
palpating the patient’s radial artery with the other hand typically 
shows it to be synchronous with the therapeutic pulse. For this 
reason, it is postulated that the position of release results in a sym-
pathetic vasodilation of the small arterioles in the myofascial tissue. 
At times, the therapeutic pulse can be palpated while attempting 
to fi nd the optimal position of comfort, enabling the practitioner 
to establish the position more accurately. At other times, the thera-
peutic pulse will not be palpated until the treatment position has 
been maintained for a period of time. In either case, the appearance 
of the therapeutic pulse can be used to enhance the treatment.

Step 5: Maintain Position for 90 Seconds While 
Patient Remains Passive

Once the position of comfort has been established, hold it for 90 
seconds. It is important to remember that the patient must remain 
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756 III • APPROACH TO THE SOMATIC COMPONENT

several days. This is especially true if the movement approximates 
the original position of injury, because it may reproduce the inap-
propriate refl ex just treated. Active movement that reproduces 
the position of injury is different from the careful positioning 
performed by the physician while the patient is passive.

The patient should stay well hydrated for several days after 
treatment. This helps with the elimination of increased metabolic 
waste products that may be released into circulation after relaxation 
of the tense myofascial tissue. Water is recommended over other 
fl uids, which may contain sugar and other dissolved substances. 
The patient is especially recommended to avoid consuming alco-
holic beverages for about 3 days.

Although counterstrain techniques are well tolerated, a post-
treatment reaction may occur. Approximately 30% of patients 
experience a generalized soreness or a fl u-like reaction 1 to 48 

Step 6: Passive Slow Return While Maintaining 
Tender Point Contact

After maintaining the position of comfort for 90 seconds, it is 
time to slowly return the patient to the starting position while 
monitoring the tender point. Before starting to move, ask the 
patient to remain passive and not assist you by actively moving. 
Patients may unconsciously try to help. If the patient starts to 
help or move, stop the return and remind the patient not to help. 
When the patient has relaxed, start moving again, more slowly. 
An apparent decrease in the patient’s weight as you move them is 
another indication that the patient is contracting muscles. A com-
mon error when learning counterstrain is to move the patient too 
quickly. A slow return is critical. The fi rst few degrees of motion 
during return are the most critical. Watch the patient for signs of 
fl inching or other guarding gestures. Palpating for muscle con-
traction could also provide a sign that the patient is being moved 
too quickly.

Step 7: Reevaluate Tenderness and Tissue Texture

Once the patient has been returned to a relaxed position, reevaluate 
the tenderness and tissue texture of the tender point. To consider 
the treatment successful, no more than 30% (3 on the 10-point 
scale) of the original tenderness should remain. Ideally, all of the 
tenderness will have resolved. If more than 30% of the tenderness 
remains, several possible reasons may exist. The patient may not 
have been optimally positioned, the physician may have let the 
position change during treatment, the patient may have contracted 
the muscle being treated, or the physician may have lost contact 
with the tender point. Repeat the positioning, with particular 
attention to obtaining and maintaining the optimal position with 
the patient completely relaxed.

Another cause for failure may be that another tender point is 
the primary problem and, therefore, the most signifi cant point was 
not treated. Evaluate the tender points in the area near the ten-
der point just treated and the corresponding area on the opposite 
side of the body to see if another, more signifi cant tender point 
is present. This is especially true if the point treated was part of 
a sequential line of tender points. Consider the possibility that 
the primary tender point is distant from the area evaluated or on 
the opposite side of the body from the reported problem. More 
than one treatment session may be necessary to completely resolve 
a tender point. Also, failure to completely resolve the tenderness 
does not necessarily indicate an ineffective treatment. Some of the 
most challenging tender points to treat are when both anterior 
and posterior tender points are present at the same level (e.g., AT4 
and PT4).

Reevaluate the original structural fi ndings to evaluate the effective-
ness of the treatment. You are treating a somatic dysfunction, not just 
a tender point, so reevaluating cannot be overstated. Motion restric-
tions, asymmetry, and tissue texture abnormalities should improve or 
disappear after effective treatment. With chronic somatic dysfunc-
tion, the tissue changes may be slower to return to normal.

Clinical tips for providing strain and counterstrain techniques 
are found in Box 49.1.

PATIENT EDUCATION

It is important to start instructions before the patient gets off the 
treatment table. Patients are curious to see if the treatment elimi-
nated the presenting complaint. Warn the patient not to test pre-
viously restricted motions and to avoid extremes of motion for 

Clinical Tips
•  A single somatic dysfunction may have more than one asso-

ciated tender point
•  Test for tenderness of a specific tender point with the same 

amount of pressure each time
•  Use less pressure to monitor a tender point than to test it
•  Physician’s palpatory abilities are more reliable than a 

patient’s report of tenderness
•  Anterior points typically require flexion and posterior points 

typically require extension
•  Midline points typically require pure flexion (if anterior) or pure 

extension (if posterior), whereas the more lateral a point is from 
midline, the more rotation and/or sidebending is required

•  If there are multiple tender points in an area, usually the most 
tender one is the most significant and should be treated first

•  If several tender points of equal tenderness occur in a row, 
treat the middle one first

•  Spend a little extra time to fine-tune and completely elimi-
nate the tenderness of a tender point

•  The optimal position of comfort is obtained when the tender 
point is no longer tender and the tissue tension is maximally 
reduced

•  Monitor changes in myofascial tension and adjust the treat-
ment position to decrease the tension for maximum results

•  Monitor the myofascial tissue of the tender point through-
out the treatment

•  For maximum results, the patient must be completely relaxed 
(passive) during treatment

•  Recheck the tenderness of a point several times while in the 
treatment position

•  Causative factors and mechanism of injury are unique to each 
patient. Therefore, the exact position of ease will vary depend-
ing on the response of the tissue during positioning

•  Scan for both anterior and posterior tender points within a 
region/functional unit to determine the most significant

•  Aim for a reduction of tenderness of less than or equal 
to 70% with a goal of 100%

•  Use both tenderness and tissue texture abnormalities to find 
the best treatment position

•  The presence of a therapeutic pulse indicates good myofascial 
relaxation

•  If difficulty reducing the tenderness to zero is experienced, 
there usually is another more significant tender point that 
needs to be treated first or the patient is contracting muscles 
near the tender point
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utilized with muscle energy technique and has been shown to be 
effective. Another option to decrease the time needed is to use a 
facilitating force applied by the physician. Compression is most 
commonly used, but distraction or a torque force can also be used. 
This approach blends well with Dr. Schiowitz’ Facilitated Posi-
tional Release model. Dr. Van Buskirk used Jones’ tender points 
as he worked on redeveloping the Still technique. He would iden-
tify a somatic dysfunction, fi nd an associated tender point, posi-
tion to eliminate the tenderness, add a compressive force, and then 
bring the joint from its indirect position in a continuous arc past 
neutral and through the restrictive barrier. He also uses distractive 
and torque forces as in Facilitated Positional Release. A number of 
osteopathic physicians, including Larry Jones, studied Janet Trav-
ell’s myofascial pain syndromes and the associated trigger points 
described. A number of the trigger point locations described were 
identical to the tender point locations, so it was natural for physi-
cians to try to treat trigger points with a counterstrain positional 
release approach and it was found to be quite effective (Myers, 
2007; Ravin et al., 2008).

One component of the counterstrain model that has been a 
source of confusion for students is the nomenclature used for the 
tender points. Dr. Jones identifi ed and named the points he found 
in several ways over a number of years. Some were named for the 
dysfunctional segment, others for a nearby landmark, some for an 
associated diagnostic fi nding, and a number for a muscle in which 
the point was located. Jones changed the names of a number of 
points between the publication of his two books ( Jones, 1981; 
Jones et al., 1995), and in most cases, the change was to identify 
the muscle he felt was associated with the somatic dysfunction. It 
is time for an overall review of Jones tender points nomenclature to 
produce a more uniform standard for the tender point names. The 
basis of the system should be based on anatomy, predominately 
muscles. This will help students learn both the names and treat-
ment positions more effectively.

DIAGNOSES AND TREATMENTS BY BODY 
REGION

The treatment illustrations that follow are intended as an introduc-
tion to the counterstrain technique model. An example from each 
of the 10 codable regions of the body has been chosen to illustrate 
a variety of treatment options. More in-depth counterstrain refer-
ence texts are available for more complete coverage of the body 
regions ( Jones, 1981; Jones et al., 1995; Myers, 2007; Ravin et al., 
2008; Rennie et al., 2004).

The treatment positions presented may be modifi ed for the 
needs of the physician and the patient. Therefore, knowledge of 
the three-dimensional position that is typically used to treat a ten-
der point is helpful to change the position from that described in a 
text. For example, a change to seated, supine, or sidelying may be 
preferred by either the physician or the patient. Certain conditions 
may necessitate changing a preferred position of treatment. For 
example, a pregnant patient in the third trimester may need to 
be treated in a side-lying position. As long as the treatment can 
be successfully performed, modifi cations may be helpful adapta-
tions to these techniques. If you can position the patient and 
reduce the tenderness to zero it should be an effective treatment 
position.

Head (739.0): Head Region, Occipitocervical Region

Dr. Jones described a number of tender points on the head, many 
associated with cranial dysfunctions and the reader should refer 

hours after treatment. This usually is experienced by the patient 
on the morning after treatment and may last 1 to 5 days, although 
1 day is most typical. The reaction usually occurs only after the 
fi rst treatment, but may be experienced after other treatments. The 
cause of the reaction is unclear, but may be related to the washout 
of metabolic waste products from the dysfunctional myofascial tis-
sue. There also is a correlation with treating dysfunctions where 
the therapeutic pulse is palpated during treatment. In any case, 
the patient should be alerted to the possibility of a posttreatment 
reaction. Prescribing an analgesic for 1 or 2 days may help reduce 
the discomfort. This possibility of a posttreatment reaction also 
provides a reason for caution in using counterstrain to treat some 
gravely ill patients.

Patients want to know how often they need to be treated and 
how long it will take to resolve the complaint. As with all forms 
of manipulative treatment, there is no single, defi nitive answer. 
One treatment may eliminate the somatic dysfunction, although 
other dysfunctions require treatment over a more extended period 
of time. Jones had patients return in 3 to 7 days after the initial 
treatment, although 1 to 2 weeks may be more practical for many 
physicians. As the somatic dysfunction resolves, the time between 
treatments is increased. The end point of treatment depends on the 
cause of the problem, the underlying tissue damage, preexisting 
medical problems, the response of the patient, cooperation by the 
patient to avoid painful positions, and the skill of the physician.

EVOLUTION OF THE COUNTERSTRAIN MODEL

It is not the nature of an osteopathic physician to learn a manipula-
tive model by memorizing a group of techniques and repeating them 
over and over. Andrew Still did not write a technique manual. Instead, 
he emphasized learning anatomy and concepts that can be applied 
to meet the unique needs of each patient. Therefore, it is no surprise 
that osteopathic physicians have modifi ed Larry Jones’ model. Clas-
sical counterstrain involves maintaining the position of release for 
90 seconds, but this is not always necessary or the best option. Just 
as each patient is an individual, the time needed for treatment is not 
a constant. The physician’s ability to accurately position the patient 
and the patient’s ability to remain completely passive are two criti-
cal factors that affect the time needed. The best indicator that the 
treatment is complete is the palpatory response gained by monitor-
ing the tender point. The tissues relax and rhythmic motion of the 
surrounding myofascial tissues returns, indicating the treatment is 
fi nished. If the myofascial tissues in the region being treated begin to 
unwind, the physician may choose to change from counterstrain to 
myofascial release to treat the somatic dysfunction. Counterstrain is 
classically a positional release model, but it is the physician’s experi-
ence and choice whether remaining in one position or moving the 
dysfunctional area offers the best option for treatment.

Instead of treating a single tender point with a position of ease, 
Ross Pope, D.O., F.A.A.O., found stacking several regional tender 
points at once allows him to use a single position for treatment. 
This allows treatment of a region with a single position and greatly 
increases his effi ciency. Paul Rennie, D.O., F.A.A.O., has found 
combining counterstrain with exercise is another approach that 
increases the effi ciency of treatment and improves patient recovery. 
Specifi c exercises are combined with the treatment of specifi c ten-
der points (Rennie et al., 2001).

Other alternatives may be used to speed up the time for the 
release to occur. With the patient in the counterstrain treatment 
position, the patient may contract the antagonist to the muscle 
being treated and attempt to move out of the treatment posi-
tion. The contraction used is an isometric contraction commonly 

Chila_Chap49.indd   757Chila_Chap49.indd   757 8/4/2010   7:43:44 PM8/4/2010   7:43:44 PM



758 III • APPROACH TO THE SOMATIC COMPONENT

on the sternum. They can be located by palpating for tense, tender 
tissue overlying the sternum. The second group is located in the 
abdominal wall. Most are located in the rectus abdominis muscle 
and can be found an inch or two lateral to midline on the right or 
left. Posterior thoracic tender points are found on two parts of each 
vertebra. One location is associated with the spinous process, and 
is more tender on either the left or right side. The second location 
is on either transverse process.

The treatment described here is given for different spinal levels 
but are not hard and fast requirements. Extension, sidebending, 
and rotation to any level can be introduced either from above or 
below the segment. The physician’s choice is based on the fl exibility 
of the patient, patient comfort, and the relative size of the patient 
and physician.

Posterior Fifth Thoracic (PT5)
Tender Point Location
On the inferolateral side of the spinous process of the fi fth thoracic 
vertebra pressing anteriorly (Fig. 49.4). Even though the spinous 
process is a midline structure, there will be more tenderness on one 

to a counterstrain text for a description of these tender points. In 
addition, several of the cervical tender points are located on the 
skull. Two very common tender points found on the head are the 
anterior fi rst cervical and posterior second cervical tender points.

Anterior First Cervical (AC1)
Tender Point Location
Found on the posterior surface of the ascending ramus of the man-
dible approximately 1 cm from the angle of the jaw pressing ante-
riorly (Fig. 49.2).

Treatment Position (Patient Supine)
Slight fl exion of the head and upper neck, rotation away from the 
side of the tender point close to the end range of motion, and slight 
sidebending away from the side of the tender point.

Cervical Spine (739.1): Cervical Region, 
Cervicothoracic Region

The cervical spine has several maverick tender points (points where 
the position of comfort is different from what might be expected). 
Anterior tender points are typically located on the most anterolat-
eral aspect of the anterior tubercles of the cervical vertebra. Poste-
rior tender points are found on the occiput or associated with the 
tip of the spinous processes or lateral to the spinous processes.

Anterior Fourth Cervical (AC4)
Tender Point Locations
Found at the anterior-lateral surface of the anterior tubercle of the 
fourth cervical vertebrae pressing anterolateral to posteromedial 
(Fig. 49.3).

Treatment Position (Patient Supine)
Flexion of the head and upper neck to the fourth cervical vertebra 
(approximately 45 degrees). Sidebend and rotate the head and upper 
neck away from the side of the tender point.

Thoracic Spine (739.2): Thoracic Region, 
Thoracolumbar Region

Anterior thoracic spine tender points are located in two major 
areas. The fi rst group of tender points, AT1-6, are located midline 

Figure 49-2 Anterior fi rst cervical (AC1).

Figure 49-3 Anterior fourth cervical (AC4).

Figure 49-4 Posterior fi fth thoracic (PT5).
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Lumbar Spine (739.4): Lumbar Region, 
Lumbosacral Region

Anterior lumbar spine tender points are mostly located around the 
rim of the pelvis anteriorly. They can be found in association with 
the ASIS, anterior inferior iliac spine, and anterior surface of the 
pubic rami. Posterior lumbar tender points are found mostly in the 
same places as in the thoracic spine, although the tender points 
found on the tips of the transverse processes need to be approached 
by pressing anteromedially at about a 45-degree angle.

The naming convention used for describing spinal dysfunction 
in the osteopathic profession is to describe the dysfunctional seg-
ment relative to the segment below it. If motion is introduced from 
below the dysfunctional segment, the vertebral segment below it 
moves fi rst, producing a position relative to the dysfunctional seg-
ment that can seem confusing. As an example, if the vertebra below 
the dysfunctional segment is rotated to the right, then the rela-
tive position of the dysfunctional segment to the vertebra below 
is described as rotated left. This is important to understand when 
reading the treatment descriptions for this section.

Posterior Fifth Lumbar (PL5)
Tender Point Location
On the tip of the spinous process, testing right and left sides of the 
spinous process to identify the most tender side pressing anteriorly 
(Fig. 49.6).

Treatment Position (Patient Prone)
Extend the trunk on the ipsilateral side of the spinous process by lift-
ing the pelvis in a posterior direction. This creates extension with the 
needed rotation of the lower vertebrae toward the tender point side.

Pelvis (739.5): Pelvic Region, Hip Region, 
Pubic Region

There are several anterior tender points and several posterior ten-
der points that are important for diagnosis and treatment of pelvic 
somatic dysfunction. The anterior points typically require fl exion. 
Rotation of varying amounts is also needed and, to a lesser degree, 
sidebending. Posteriorly, tender points are associated with sacral 
problems and muscles of the pelvis. Extension is the predominant 
motion associated with the posterior tender points, although sev-
eral points require some degree of fl exion.

side more than the other and also look for deviation of the spinous 
process.

Treatment Position (Patient Prone)
Sidebend the trunk away from the deviated side of the spinous 
process by pulling the opposite shoulder in a caudal and posterior 
direction. This creates extension with rotation and sidebending 
away from the deviated side.

Ribs (739.3): Rib Cage, Costochondral, 
Costovertebral, Sternochondral Regions

Jones used the terms “depressed” and “elevated” to refer to the ten-
der points associated with rib somatic dysfunction. This was done 
to emphasize what was done with the patient to fi nd a position of 
maximum comfort. The convention in current use is to name the 
tender points for their location on the body. In the example used 
here, both conventions have been combined.

Anterior tender points correspond to Jones depressed ribs and 
posterior tender points correspond to Jones elevated ribs. The ante-
rior rib tender points start just below the medial end of the clavicle 
where the fi rst rib attaches to the sternum and move laterally in 
an arc to the anterior axillary line. Most of the anterior rib tender 
points are on the ribs along the anterior axillary line. It is not com-
mon to fi nd tender points below the sixth rib, but they do occur. 
The posterior tender points, with the exception of the fi rst rib, are 
located on the angle of the ribs.

Anterior (Depressed) Third Rib (AR3)
Tender Point Location
On the third rib in the anterior axillary line, pressing from antero-
lateral to posteromedial (Fig. 49.5).

Treatment Position (Patient Seated)
Depression of the ipsilateral costal cage by sidebending that side, 
fl exion of the thoracic cage, head, and neck with elevation of the 
contralateral shoulder and translation away from (sidebend toward) 
the tender point. Fine-tune with rotation of the body, usually toward 
the tender point. Sidebending can be increased with patients legs 
placed on the table opposite the elevated shoulder. The elevated 
shoulder is usually supported on the physician’s thigh.

Figure 49-5 Anterior third rib (AR3). Figure 49-6 Posterior fi fth lumbar (PL5).
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Supraspinatus (SPI)
Tender Point Location
In the middle of the supraspinatus muscle, superior to the spine of 
the scapula pressing cephalad to caudad (Fig. 49.9).

Treatment Position (Patient Supine)
Flexion and abduction to about 45 degrees and external rotation of 
the humerus.

Lower Extremity (739.8): Lower Extremities

The tender point location and treatment demonstrates the coun-
terstrain approach to the lower extremity. Because there are many 
tender points in the lower extremity, it is recommended that a text 
devoted to counterstrain is consulted for more extensive discussion 
of the tender points associated with this body region. Tender points 
may be found at attachment points for muscles or ligaments as well 
as in the belly of a dysfunctional muscle.

Piriformis (PIR)
Tender Point Location
In the middle of the piriformis muscle, half way between the greater 
trochanter and where it attaches to the lateral side of the sacrum 
pressing posterolateral to anteromedial (Fig. 49.7).

Treatment Position (Patient Prone)
Marked fl exion of the ipsilateral hip to about 135 degrees and marked 
abduction. Lateral rotation of the hip may also be required, particu-
larly if tenderness is found more lateral on the piriformis muscle.

Pelvis (739.6): Sacral Region, 
Sacrococcygeal Region

A number of tender points are located on the sacrum and associ-
ated with the musculature of the posterior pelvis. The tender point 
locations and treatment demonstrate the counterstrain approach to 
the sacrococcygeal region. Because there are many tender points in 
the sacrococcygeal region, it is recommended that a text devoted 
to counterstrain is consulted for more extensive discussion of the 
tender points associated with this body region.

High Ilium Sacroiliac (HISI)
Tender Point Location
Found just lateral to the PSIS of the ilium, pressing lateral to 
medial (Fig. 49.8).

Treatment Position (Patient Prone)
Extension of the ipsilateral hip. Slight external rotation and abduc-
tion of the hip is also added.

Upper Extremity (739.7): Upper Extremities, 
Acromioclavicular, Sternoclavicular Regions

The tender point location and treatment demonstrates the coun-
terstrain approach to the upper extremity. Because there are many 
tender points in the upper extremity, it is recommended that a text 
devoted to counterstrain is consulted for more extensive discussion 
of the tender points associated with this body region. Tender points 
may be found at attachment points for muscles or ligaments as well 
as in the belly of a dysfunctional muscle.

Figure 49-7 Piriformis (PIR).

Figure 49-8 High ilium sacroiliac (HISI).

Figure 49-9 Supraspinatus (SPI).
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Extension Ankle (EXA)
Tender Point Location
Within the two bellies of the gastrocnemius just below the lower 
popliteal margin, pressing posterior to anterior (Fig. 49.10).

Treatment Position (Patient Prone)
Marked plantar fl exion of the ankle. This is usually accomplished 
with the patient prone and the dorsum of the involved foot sup-
ported on the physician’s thigh. Pressure is put on the calcaneous 
to produce plantar fl exion.

Abdomen (739. 9): Abdomen Region and Other

A number of tender points are found in the abdomen. These include 
anterior thoracic 7 to 11, iliacus and anterior lumbar 1 through 
4. These tender points may also be related to viscerosomatic 
refl exes.

Iliacus (ILA)
Tender Point Location
At the level of the ASIS, one third of the way toward midline from 
the ASIS deep in the abdomen over the iliacus pressing anterior to 
posterior (Fig. 49.11).

Treatment Position (Patient Supine)
Marked fl exion of the hips bilaterally to shorten the iliacus mus-
cles. Both hips are laterally rotated with the knees abducted from the 
center of the body.

Figure 49-10 Extension ankle (EXA). Figure 49-11 Iliacus (ILA).
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Soft Tissue/Articulatory Approach
WALTER C. EHRENFEUCHTER50

K E Y  C O N C E P T S
■ Soft tissue techniques are directly applied to the muscular and fascial structures of the body and affect the 

associated neural and vascular elements.
■ Soft tissue preparation facilitates improvement of articular motion. This basic tenet of manipulative intervention has 

been consistent in the history of osteopathic medicine.
■ Articulatory techniques involve gentle and repetitive motions through the restrictive barrier. Many techniques use 

long lever forces in achieving effects.
■ Soft tissue and articulatory techniques span a wide range of applications of force. It is this characteristic that makes 

them two of the most versatile treatment forms available.

CASE STUDY

A 54-year-old man presents to the office with a sore throat and 
dry cough. He complains of an ulcer on the buccal surface of his 
left cheek. He admits to having similar ulcers around his mouth 
in the past. He denies other complaints.

Physical examination: 
Vital signs are normal. Exam of the buccal mucosa reveals a 
shallow ulcer with a red border approximately 2 mm in diam-
eter; tongue is in the midline; there is no tonsillar hypertrophy 
or erythema; teeth in good repair. Small left submental node is 
palpable. CV, pulmonary, abdominal, and neurologic exams are 
noncontributory. Structural exam reveals rigid, tender, hypertonic 
paravertebral musculature from the C5 to T2 spinal levels bilater-
ally. Rib 4 on the left is held in exhalation.

Diagnosis
1. Acute herpetic stomatitis
2. Somatic dysfunction—cervical, thoracic, rib

Plan
1. Treatment with antiviral medication
2. Soft tissue technique on the hypertonic cervicothoracic 

musculature
3. Articulatory technique on the rib dysfunction

SOFT TISSUE TECHNIQUE (INHIBITION-VIDA INFRA)
Treatment Position
Patient: Supine

Physician: Seated at the head of the table

Procedure
1. You place the pads of the fi ngers of both hands beneath the 

cervicothoracic junction, just lateral to the spinous processes 
(Fig. 50.1)

2. You extend the cervicothoracic junction until you feel the 
musculature relax under your fi ngers

3. You then maintain a deep sustained pressure over these 
muscles until they are further felt to soften (release). This 
may take anywhere from 30 seconds to several minutes

4. Success of the technique is determined through palpation to 
reassess the characteristics of the soft tissues that prompted 

INTRODUCTION

Soft Tissue Technique

Defi nition
Soft tissue techniques are defi ned as direct techniques that address 
the muscular and fascial structures of the body and associated neu-
ral and vascular elements.

the selection of the technique to begin with. Success may 
also be determined in part by reassessing the patient’s symp-
tomatology (sore throat and cough)

ARTICULATORY TECHNIQUE
Dysfunction
Position: Rib 4 held in exhalation

Restriction: Rib 4 is restricted in inhalation

Treatment Position
Patient: Lateral recumbent—lying on the right side

Physician: Standing behind the patient at the side of the 
treatment table

Procedure
1. Place your caudad hand posterior to the left iliac crest to 

stabilize the body (Fig. 50.2)
2. Place your caudad knee against the angle of rib 4 on the 

left and maintain a fi rm steady pressure (a folded towel or 
small pillow may be needed between your knee and the rib 
to minimize patient discomfort) (Fig. 50.3)

3. With your cephalad hand, grasp the patient’s left arm just 
proximal to the wrist

4. Smoothly carry the left shoulder into a combination of fl ex-
ion and abduction in order to place the pectoralis minor 
muscle on passive stretch (Fig. 50.4). It is the tension on this 
muscle combined with the gapping force provided by the 
knee that allows the rib to easily articulate (Fig. 50.5)

5. Success of the technique is determined by reassessing respi-
ratory motion of rib 4. Success may also be determined in 
part by reassessing the patient’s symptomatology (sore throat 
and cough) (1)
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■ Improve abnormal somato-somatic and somato-visceral refl ex 
activities, thus improving circulation in areas of the body remote 
from the area being treated

■ Diagnostically to identify areas of restricted motion, tissue 
texture changes, and sensitivity

Figure 50-1 Cervicothoracic inhibition technique.

Figure 50-2 Articulatory technique. Upper rib: exhalation dys-
function, step 1.

Figure 50-3 Articulatory technique. Upper rib: exhalation dys-
function, step 2.

Figure 50-4 Articulatory technique. Upper rib: exhalation dys-
function, step 4.

History
Preparation of the soft tissues in order to achieve improved articu-
lar motion has been one of the basic tenets of the manipulative 
approach since the early days of A.T. Still. Based on descriptions 
provided by his students, it is believed that Dr. Still made extensive 
use of the soft tissue style—direct inhibitory pressure.

Indications
Soft tissue techniques may be applied in a number of different 
ways to:

■ Relax hypertonic muscles and reduce spasm
■ Stretch and increase the elasticity of shortened fascial structures
■ Enhance circulation to local myofascial structures
■ Improve local tissue nutrition, oxygenation, and removal of 

metabolic wastes
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Indications
Articulatory technique is indicated when the restrictive barriers to 
motion appear to be in a joint itself or in the periarticular tissues. 
It can be used to affect a single joint (e.g., the Glenohumeral joint) 
or for an entire region (e.g., the thoracic cage). It is well tolerated 
by arthritic patients, elderly or frail individuals, as well as critically 
ill or postoperative patients. Also infants and very young patients, 
as well as others who are unable to cooperate with instructions 
for other techniques often derive great benefi t from articulatory 
techniques.

Contraindications

Relative Contraindications
In the upper cervical region, due to the possibility of vertebral 
artery compromise, it is wise to avoid the combination of repetitive 
rotation and extension.

Absolute Contraindications to Both Soft Tissue and 
Articulatory Techniques

Many techniques including soft tissue and articulatory techniques 
are contraindicated for use in the local region of any of the follow-
ing conditions:

■ Fracture or dislocation
■ Neurologic entrapment syndromes
■ Serious vascular compromise
■ Local malignancy
■ Local infection (e.g., cellulitis, abscess, septic arthritis, osteomyelitis)
■ Bleeding disorders

BASIC TECHNIQUE PRINCIPLES

Soft Tissue Technique

1. The patient should be comfortable and able to relax
2. The physician should also be in a position of comfort to mini-

mize energy expenditure and make use of body weight and 
leverage rather than having to exert muscular force

3. Initially, the applied forces are very gentle and of low amplitude. 
The force is applied rhythmically, typically 1 or 2 seconds of 
stretch followed by a similar time frame releasing that stretch

4. As the soft tissues are palpated responding to the technique, the 
applied forces can be increased to increase the amplitude of the 
technique. The rate of application typically remains the same

5. The applied forces should be comfortable for the patient. Some 
patients experience some discomfort, but it is recognized by the 
patient as a good discomfort

6. Do not allow your hands to create friction by sliding across the 
skin or rubbing it. The physician’s hand should carry the skin 
with it as the activating force is applied. Do not compress the 
musculature directly against a bone

7. The technique is continued until the desired effect is achieved. 
This typically means that the amplitude of excursion of the soft 
tissues has reached a maximum and has plateaued at that level

Articulatory Technique

1. The patient should be comfortable and able to relax
2. The physician should also be in a position of comfort to mini-

mize energy expenditure and make use of body weight and 
leverage rather than having to exert muscular force

■ Observe tissue response to the application of manipulative 
technique

■ Improve local and systemic immune response
■ Provide a general state of relaxation
■ Provide a general state of tonic stimulation by stimulating the 

stretch refl ex in hypotonic muscles

Other techniques used on more superfi cial soft tissue structures 
include variations on techniques developed in the European mas-
sage movement. These include:

■ Effl eurage—a light stroking movement
■ Petrissage—kneading of the muscles
■ Tapotement—striking with the side of the hand
■ Skin rolling—lifting the skin away from the deeper structures 

and “rolling” the skin fold along the body

Contraindications

Relative Contraindications
Individual techniques may be contraindicated in specifi c situations 
such as; in a patient with severe osteoporosis, prone pressure tech-
niques may be contraindicated in the thoracocostal region, but lat-
eral recumbent techniques could be easily applied.

Direct techniques that stretch acutely injured muscles, tendons, 
ligaments, or joint capsules may do additional damage to these 
structures, or increase the amount of pain the patient experiences 
and are therefore contraindicated.

Articulatory Technique

Defi nition
Articulatory techniques have also been called springing techniques 
and are defi ned as direct techniques. In these techniques, the phy-
sician gently and repetitively carries the body part being treated 
through the restrictive barrier. This form of technique could also 
be called low-velocity/high-amplitude technique. Many of these 
techniques use long lever forces to achieve their effects.

History
Articulatory techniques are at least as old as the osteopathic profes-
sion itself. In fact, the only fi lm clip that exists of A.T. Still per-
forming a technique is 9 seconds long and appears to be a shoulder 
or clavicular articulatory technique.

Figure 50-5 Articulatory technique. Upper rib: exhalation dys-
function, step 4.
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Procedure
1. The physician’s one hand cradles the occiput with the thumb 

and index fi nger spanning the region just caudad to the superior 
nuchal line

2. The physician’s other hand cradles the chin. (In some patients, 
this will aggravate a preexisting temporomandibular joint or 
dental problem—for those cases, an alternative is to place this 
hand across the patient’s forehead.) (Fig. 50.7)

3. The physician applies axial cephalad traction with both hands 
simultaneously, maintaining the head and neck in a neutral to 
slightly fl exed position. The occipital hand must not squeeze 
the occiput or there is the risk of compressing the occipitomas-
toid suture

4. This technique is applied slowly and rhythmically with gradu-
ally increasing amplitude (Fig. 50.8)

5. The technique is continued until the desired soft tissue or 
disc response is obtained. This may take anywhere from 2 to 
5 minutes

6. Success of the technique is determined through palpation to 
reassess the characteristics of the soft tissues that prompted the 
selection of the technique to begin with. Success may also be 
determined in part by reassessing the patient’s symptomatology

3. The physician moves the affected joint or body part through its 
range of motion until the restrictive barrier is engaged

4. A gentle but fi rm force is applied carrying the body part a short 
distance through the restrictive barrier. The distance is limited 
by the tissues being treated and the patient’s tolerance to pain 
or fatigue

5. This force is applied rhythmically, typically 1 or 2 seconds of 
stretch followed by a similar time frame releasing that stretch. 
The joint is permitted to return to a point just short of its 
restrictive barrier

6. As the patient responds to the technique, the restrictive bar-
rier will shift position within the physiologic range of motion. 
For each cycle of the applied technique, reengage the restrictive 
barrier and carry the affected body part a short distance further 
through that new barrier to normal motion

7. The applied forces should be comfortable for the patient. Some 
patients experience some discomfort, but it is recognized by the 
patient as a good discomfort

8. The technique is continued until the location of the restrictive 
barrier reaches a plateau; that is, no further increase in range of 
motion can be achieved by continuing the technique, or until 
full physiologic range of motion has been restored to the joint(s) 
being treated

9. At no time is the anatomic barrier to joint motion exceeded

TYPES OF TECHNIQUES

Soft Tissue Technique

Parallel Traction
In this type of soft tissue technique, the forces being applied are 
parallel to the myofascial structures needing treatment. This may 
be done by separating the proximal and distal attachments of the 
muscle (both hands moving in opposite directions like a taffy pull) 
or by anchoring one end of the muscle and pulling on the other 
(one hand or structure serving as a stationary anchor, the other one 
mobile) (Fig. 50.6).
Example: Intermittent cervical traction

Diagnosis
1. Hypertonicity of the cervical musculature
2. Bulging cervical disc
3. Cervical degenerative disc disease

Treatment Position
Patient: Supine on the treatment table

Physician: Seated at the head of the table

Figure 50-6 The taffy pull.

Figure 50-7 Intermittent cervical traction. (Used from Nicholas & 
Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: 
Lippincott, Williams & Wilkins, with permission.)

Figure 50-8 Intermittent cervical traction. (Used from Nicholas & 
Nicholas. Atlas of Osteopathic Technique. Philadelphia, PA: 
Lippincott, Williams & Wilkins, with permission.)

Chila_Chap50.indd   766Chila_Chap50.indd   766 8/6/2010   6:49:23 PM8/6/2010   6:49:23 PM



 50 • SOFT TISSUE/ARTICULATORY APPROACH 767

7. Success of the technique is determined through palpation to 
reassess the characteristics of the soft tissues that prompted the 
selection of the technique to begin with. Success may also be 
determined in part by reassessing the patient’s symptomatology

Note: By increasing the rotational force, this technique may be con-
verted to an articulatory technique. By adding more of an axial 
milking motion, it may be used to enhance lymphatic drainage in 
the cervical lymph node chains.

Inhibition
In this type of soft tissue technique, the myofascial structure being 
treated is contacted over the musculotendinous portion of the 
hypertonic muscle and a force is directed straight into the muscle. 
Pressing into a hypertonic muscle belly can be painful and may 
bruise the muscle; therefore, pressure should be directed to the 
musculotendinous junction.
Example: Suboccipital inhibition
Diagnosis: Hypertonic suboccipital musculature

Treatment Position
Patient: Supine

Physician: Seated at the head of the treatment table

Procedure
1. Places the pads of your fi ngers just inferior to the superior 

nuchal line in the suboccipital soft tissues (Fig. 50.11)

Perpendicular Traction
In this type of soft tissue technique, the myofascial structure being 
treated is contacted near its midpoint between the proximal and 
distal attachments, and a stretching force is applied at right angles 
to the muscle’s longitudinal axis (e.g., similar to an archer stretch-
ing a bowstring) (Fig. 50.9).
Example: Contralateral traction
Diagnosis: Hypertonicity of the cervical paraspinal musculature

Treatment Position
Patient: Supine on the treatment table

Physician: Standing at the side of the head of the treatment table

Procedure
1. The physician’s cephalad hand bridges the forehead to stabilize 

and control head motion (Fig. 50.10)
2. The physician’s caudad hand reaches around the side of the 

neck to contact the cervical paraspinal musculature just lateral 
to the spinous processes

3. While keeping the caudad elbow locked in extension, the phy-
sician rotates his/her upper trunk to draw that arm upward, 
drawing the paraspinal musculature ventrally. Force must be 
exerted with the cephalad hand to control the head and ensure 
that minimal cervical extension occurs

4. Care must be taken not to apply too much pressure to the lateral 
aspect of the cervical region as this may provoke bradycardia 
and hypotension due to a refl ex carotid body response

5. This technique is applied slowly and rhythmically with gradu-
ally increasing amplitude

6. The technique is continued until the desired soft tissue response 
is obtained. This may take anywhere from 2 to 5 minutes

Figure 50-9 The bowstring.

Figure 50-10 Contralateral traction. (Used from Nicholas & Nich-
olas. Atlas of Osteopathic Technique, Philadelphia, PA: Lippincott, 
Williams & Wilkins, with permission.)

Figure 50-11 Suboccipital inhibition. (Used from Nicholas & Nich-
olas. Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott, 
Williams & Wilkins with permission.)

Chila_Chap50.indd   767Chila_Chap50.indd   767 8/6/2010   6:49:24 PM8/6/2010   6:49:24 PM



768 III • APPROACH TO THE SOMATIC COMPONENT

5. Stretch the cervical spine through this motion barrier, using 
your left hand to anchor T1
(a) Hold this position briefl y (<1 second), then return the neck 

to a position just away from the restrictive barrier
6. Rhythmically repeat step 5 as many times as is necessary to 

achieve full physiologic range of motion for the cervical spine 
in regional sidebending

7. If you are unable to reach full range of motion, continue the 
technique until there is no further advancement of the restric-
tive barrier toward the physiologic barrier

8. Success of the technique is determined by retesting cervical 
regional sidebending range of motion

Segmental
Segmental articulatory techniques are applied to segmental motion 
restrictions that are perceived to be articular in nature in the ver-
tebral column.
Example: Segmental somatic dysfunction—C4

Diagnosis
Position: C4 is rotated right and sidebent right.

Restriction: C4 is restricted in left rotation and left sidebending.

Treatment Position
Patient: Supine

Physician: Standing at the head of the treatment table

Procedure
1. Cradle the patient’s head between your two hands (Fig. 50.13)
2. Place the pad of your right index or middle fi nger posterior to 

the articular process of C4. This is the articulating fi nger
3. Place the pad of your left index or middle fi nger posterior to the 

articular process of C5. This fi nger will serve as an anchor and a 
reference to palpate segmental motion at this level

4. Position the cervical spine so that the C4/5 motion segment is 
in neutral in the sagittal plane

5. Use your hands to turn the head to the left until you palpate 
the motion reach the C5 palpating fi nger. This is your initial 
restrictive barrier. (Remember that sidebending and rotation 
are always coupled motions to the same side in the C2-6 region. 
You cannot produce one without producing the other.)

6. Holding the head and neck stable, use your right articulat-
ing fi nger to exaggerate the rotation/sidebending of C4 to the 

2. Lifts the head so that the weight of the patient’s head is entirely 
supported on the pads of your fi ngers. The head is held slightly 
above, but not resting on, your palms

3. Maintain this position until you achieve the desired relaxation 
of the suboccipital tissues. This may take anywhere from 30 
seconds to several minutes

4. Success of the technique is determined through palpation to 
reassess the characteristics of the soft tissues that prompted the 
selection of the technique to begin with. Success may also be 
determined in part by reassessing the patient’s symptomatology

Note: This technique is similar in position to the method used by A.T. 
Still when he created a rope sling to relieve his own headaches.

Articulatory Technique

Regional
Articulatory techniques may be applied to entire regions of the 
spine to improve regional range of motion when the restriction to 
motion is perceived by the physician to have an articular compo-
nent to it.
Example: Cervical sidebending

Diagnosis
Position: Cervical spine is sidebent left.

Restriction: Cervical region is restricted in right sidebending.

Treatment Position
Patient: Lateral recumbent, lying of the side of the positional 
diagnosis

Physician: Sitting on the side of the table in front of the patient, 
facing the patient’s head

Procedure
1. Take your left arm and place the patient’s right shoulder in your 

left axilla (Fig. 50.12)
2. Your left hand will grasp the spinous process of T1 to serve as 

an anchor and a reference for motion during this technique
3. With your right hand, grasp the patient’s head in the left occip-

itoparietal region and support it in a position neutral to the rest 
of the spine

4. Lift the patient’s head up toward the ceiling until you palpate 
motion occurring at the T1 level. This is your initial restrictive 
barrier

Figure 50-12 Cervical sidebending. (Used from Nicholas & Nicho-
las. Atlas of Osteopathic Technique. Philadelphia, PA: Lippincott, 
Williams & Wilkins, with permission.)

Figure 50-13 Segmental somatic dysfunction: C4. (Used from 
Nicholas & Nicholas. Atlas of Osteopathic Technique. Philadelphia, 
PA: Lippincott, Williams & Wilkins, with permission.)

Chila_Chap50.indd   768Chila_Chap50.indd   768 8/6/2010   6:49:25 PM8/6/2010   6:49:25 PM



 50 • SOFT TISSUE/ARTICULATORY APPROACH 769

Treatment Position
Patient: Supine with head turned to place dysfunctional temporalis 
muscle superiorly

Physician: Seated at the side of the table facing the patient.

Procedure
1. Place your cephalad hand beneath the patient’s head to prevent 

excessive head movement (Fig. 50.19)
2. Take the thumb of your caudad hand and place it approximately 

2 cm caudad to the temporal lines in the region of the tempo-
ralis muscle previously determined to be hypertonic. Your other 
fi ngers extend over the top of the skull

left. Hold this position briefl y (<1 second) and then allow the 
return of the C4 segment to its position just before engaging the 
restrictive barrier

7. Rhythmically repeat step 6 as many times as is necessary to 
achieve full physiologic range of motion for C4

8. If you are unable to reach full range of motion, continue the 
technique until there is no further advancement of the restric-
tive barrier toward the physiologic barrier

9. Success of the technique is determined by retesting segmental 
motion at the C4 level

Peripheral
Articulatory techniques are especially useful in treating restriction 
of motion of the peripheral limb joints.
Example: Radiocarpal joint restriction

Diagnosis
Position: Radiocarpal joint extended

Restriction: Radiocarpal joint restricted in fl exion

Treatment Position
Patient: Supine with dysfunctional arm extended toward the ceiling.

Physician: Standing at the side of the treatment table on the 
side of dysfunction.

Procedure
1. The physician clasps the hand from both sides with his/her 

hands. The fi rst hand clasps the patient’s hand in a fashion 
similar to a grip taken in arm wrestling (Fig. 50.14)

2. Steady traction is exerted upward toward the ceiling by the phy-
sician. The hand is held pointing vertically toward the ceiling 
throughout the technique (Fig. 50.15)

3. The patient’s wrist is fl exed to the restrictive barrier by carrying 
the patient’s shoulder toward fl exion (Fig. 50.16)

4. The radiocarpal joint is carried further into fl exion through the 
restrictive barrier and held there for a brief period of time (less 
than a second). The radiocarpal joint is then allowed to return 
to a position just before the restrictive barrier by slightly extend-
ing the shoulder (Fig. 50.17)

5. Rhythmically repeat step 4 as many times as is necessary to 
achieve full physiologic range of motion for the radiocarpal 
joint

6. If you are unable to reach full range of motion, continue the 
technique until there is no further advancement of the restric-
tive barrier toward the physiologic barrier

7. The same techniques can be carried out in radial or ulnar devia-
tion and circumduction (Fig. 50.18A and B)

8. Success of the technique is determined by retesting radiocarpal 
range of motion

TECHNIQUE EXAMPLES

739.0: Head and Suboccipital Somatic Dysfunction

Soft Tissue Technique
Temporalis Muscle
Diagnosis
Hypertonicity of the temporalis muscle

Type of Soft Tissue Technique
Parallel traction

Figure 50-14 A–C. Radiocarpal restriction.
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Figure 50-15 Radiocarpal joint restriction, step 2.

Figure 50-16 Radiocarpal joint restriction, step 3.

Figure 50-17 Radiocarpal joint restriction, step 4.

Figure 50-18 A-B. Radiocarpal joint restriction, step 9.

Figure 50-19 Temporalis muscle soft tissue.
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739.1 Cervical Somatic Dysfunction

Soft Tissue Technique
Cradling with Traction
Diagnosis
Hypertonicity of the cervical paraspinal musculature

Type of Soft Tissue Technique
Parallel traction

Treatment Position
Patient: Supine

Physician: Seated at the head of the table

Procedure
1. The physician’s fi ngers are placed under the patient’s neck bilat-

erally, with the fi nger pads contacting the cervical paraspinal 
musculature overlying the articular pillars and just lateral to the 
spinous processes (Fig. 50.21)

2. The physician exerts pressure ventrally of suffi cient force to 
engage the soft tissues without extending the cervical spine

3. The physician pulls the hands cephalad producing a longitudi-
nal traction

4. This traction is slowly released
5. The physician’s hands are repositioned along the cervical pillars 

and steps 2 to 4 are repeated in a gentle rhythmic manner
6. This technique is continued for 2 to 5 minutes
7. Success of the technique is determined by repalpating the previ-

ously hypertonic cervical musculature

Articulatory Technique
Segmental Cervical Extension
Diagnosis
Position: C4 fl exed (fl exed dysfunctions are commonly found fol-
lowing whiplash injuries)

Restriction: C4 restricted in extension

Type of Articulatory Technique
Segmental
Treatment Position
Patient: Supine

Physician: Seated at the head of the treatment table

3. The one end of the temporalis muscle is anchored by its attach-
ment to the coronoid process. Your thumb then exerts a force 
directly toward the skull until suffi cient pressure to engage the 
musculature is achieved

4. Exert a tractional force parallel to the muscle fi ber direction 
toward the top of the skull

5. Apply this force gently and rhythmically every 1 to 2 seconds.
Note the softening of the soft tissue structures as you continue 
this technique for 1 to 2 minutes. (The time frame is shortened 
here because of the smaller size of the muscle being treated.)

6. Success of the technique is determined by repalpating the previ-
ously hypertonic temporalis muscle

Articulatory Technique
Temporomandibular Joint
Diagnosis
Position: Mandible laterally translated to the right

Restriction: Mandible restricted in left lateral translation

Type of Articulatory Technique
Peripheral

Treatment Position
Patient: Supine with the head turned with the side to be treated 
superior.

Physician: Seated at the side of the head of the table facing the 
patient.

Procedure
1. The physician’s cephalad hand is placed under the patient’s 

head, elevating it slightly (Fig. 50.20)
2. The physician’s caudad hand is positioned with the third, 

fourth, and fi fth fi ngers along the posterior border of the ramus 
of the mandible and the hypothenar eminence along the body 
of the jaw

3. The patient is instructed to open the mouth slightly
4. The physician exerts pressure with the hand on the jaw so as to 

draw the jaw forward at the temporomandibular joint and devi-
ate the jaw laterally to the left

5. This traction on the jaw is applied and released in a slow rhythmic 
pattern, continuing the technique for 30 seconds to 2 minutes

6. Success of the technique is determined by reassessing mandibu-
lar range of motion in lateral translation.

Figure 50-20 Temporomandibular joint articulatory technique. 
(Used from Nicholas & Nicholas. Atlas of Osteopathic Technique. 
Philadelphia, PA: Lippincott, Williams & Wilkins, with permission.)

Figure 50-21 Cradling with traction soft tissue technique. (Used 
from Nicholas & Nicholas. Atlas of Osteopathic Technique. Philadel-
phia, PA:  Lippincott, Williams & Wilkins, with permission.)
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5. This pressure is slowly released
6. The hands are both repositioned together either a segment 

cephalad or caudad depending upon the needs of the patient
7. Steps 3 to 6 are repeated in a rhythmic fashion for 2 to 5 minutes
8. Success of the technique is determined by palpating the previ-

ously hypertonic thoracic paravertebral musculature

Articulatory Technique
Thoracic Sidebending
Diagnosis
Position: T8 sidebent left

Restriction: T8 restricted in right sidebending

Type of Articulatory Technique
Segmental

Treatment Position
Patient: Prone with the head turned toward the physician

Physician: Standing at the side of the table facing the patient’s 
thorax

Procedure
1. Place your caudad hand on the far side of the spine, the heel of 

your hand is over the transverse process of T8. Your fi ngers are 
pointing cephalad (Fig. 50.24)

Procedure
1. The physician’s fi ngers are placed under the patient’s neck 

bilaterally, with the fi nger pads contacting the C4 articular 
processes and lateral to the spinous processes (Fig. 50.22)

2. The physician exerts pressure ventrally of suffi cient force to 
extend C4 on C5 to the initial restrictive barrier

3. C4 is carried through its restrictive barrier into further exten-
sion and held there for a brief period of time (less than a sec-
ond). C4 is then allowed to return to a position just before the 
restrictive barrier by releasing the extension force

4. Rhythmically repeat step 3 as many times as is necessary to 
achieve full physiologic range of motion for C4

5. If you are unable to reach full range of motion, continue the 
technique until there is no further advancement of the restric-
tive barrier toward the physiologic barrier

6. Success of the technique is determined by retesting C4 segmen-
tal extension

739.2 Thoracic Somatic Dysfunction

Soft Tissue Technique
Prone Pressure with Counterpressure
Diagnosis
Thoracic paravertebral muscle hypertonicity

Type of Soft Tissue Technique
Parallel traction

Treatment Position
Patient: Prone with the head turned toward the physician

Physician: Standing at the side of the table facing the patient’s 
thorax.

Procedure
1. Place your caudad hand on the far side of the spine; the heel of 

your hand is over the transverse process of the thoracic verte-
bra at the level of the hypertonic musculature. Your fi ngers are 
pointing cephalad (Fig. 50.23)

2. Place your cephalad hand on the near side of the spine, with the 
heel of your hand over the opposite transverse process of that 
same vertebral segment. Your fi ngers are pointing caudad

3. Exert suffi cient pressure downward toward the table to engage 
the myofascial structures of the spine

4. Once this has been accomplished, exert a longitudinal force 
simultaneously with both hands

Figure 50-22 Segmental cervical extension articulatory technique. 
(Used from Nicholas & Nicholas. Atlas of Osteopathic Technique. 
Philadelphia, PA: Lippincott, Williams & Wilkins, with permission.)

Figure 50-23 Prone pressure with counterpressure soft tissue 
technique. (Used from Nicholas & Nicholas. Atlas of Osteopathic 
Technique. Philadelphia, PA: Lippincott, Williams & Wilkins, with 
permission.)

Figure 50-24 Thoracic sidebending articulatory technique. (Used 
from Nicholas & Nicholas. Atlas of Osteopathic Technique. Philadel-
phia, PA: Lippincott, Williams & Wilkins, with permission.)
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5. Carry the hypertonic paraspinal musculature laterally away from 
the spine with your left hand. Simultaneously turn your body to 
the right so that the rotation of the patient’s trunk to the right 
is exaggerated

6. This traction and rotation is held for as short time and then it is 
released. The natural tension of the soft tissues will return the 
lumbar column to a position just inside the restrictive barrier 
(Fig. 50.26)

7. Reposition your left hand to engage a different portion of the 
lumbar paraspinal musculature

8. Repeat steps 5 to 7 in a rhythmic fashion for 2 to 5 minutes
9. Success of the technique is determined by palpating the previ-

ously hypertonic lumbar musculature

Articulatory Technique
Lumbar Regional Rotation: Seated Position
Diagnosis
Position: Lumbar region rotated left

Restriction: Lumbar region restricted in right rotation

Treatment Position
Patient: Seated, straddling the treatment table with his/her back to 
the end of the table.

Physician: Standing behind the patient toward the side oppo-
site the side to be treated. Table height should be adjusted so that 
the physician stands roughly one head taller than the patient.

Procedure
1. Instruct the patient to place their left hand behind their neck. They 

are then instructed to grasp the left elbow with the right hand
2. Place the heel of your left hand to the left of the patient’s spine, 

overlying the lumbar transverse processes
3. Take your right arm, pass it in front of the patient (under the 

right upper arm), and grasp the patient’s left upper arm
4. Instruct the patient to lean forward and relax so that their 

weight will be carried by your right arm. The patient will have a 
natural tendency to rotate their trunk to the right

5. Turn your body to the right so that the rotation of the patient’s 
trunk to the right is exaggerated. Simultaneously exert an ante-
rior pressure with your left hand over the left lumbar transverse 
processes

6. This rotational force is held for as short time and then released. 
The natural tension of the soft tissues will return the lumbar 
column to a position just inside the restrictive barrier

2. Place your cephalad hand on the near side of the spine, with the 
heel of your hand over the opposite transverse process of T8. 
Your fi ngers are pointing caudad

3. Exert suffi cient pressure downward toward the table to produce 
articular motion of the spine

4. Once this has been accomplished, exert a longitudinal force 
simultaneously with both hands to carry T8 through its restric-
tive barrier and hold it there briefl y (<1 second). This pressure 
is slowly released allowing T8 to return to a position just before 
engaging the restrictive barrier

5. Steps 3 and 4 are repeated in a rhythmic fashion until full physi-
ologic motion has been restored to T8

6. If you are unable to reach full range of motion, continue the 
technique until there is no further advancement of the restric-
tive barrier toward the physiologic barrier

7. Success of the technique is determined by reassessing segmental 
sidebending at T8

739.3 Lumbar Somatic Dysfunction

Soft Tissue Technique
Lumbar Seated Technique for Paraspinal Tissues
Diagnosis
Hypertonicity of the left lumbar paraspinal musculature.

Type of Soft Tissue Technique
Perpendicular traction

Treatment Position
Patient: Seated, straddling the treatment table with his/her back to 
the end of the table.

Physician: Standing behind the patient toward the side oppo-
site the side to be treated. Table height should be adjusted so that 
the physician stands roughly one head taller than the patient.

Procedure
1. Instruct the patient to place their left hand behind their neck. 

They are then instructed to grasp the left elbow with the right 
hand (Fig. 50.25)

2. Place the heel of your left hand on the patient’s left paraspinal 
muscle mass, just lateral to the spinous processes

3. Take your right arm, pass it in front of the patient (under the 
right upper arm), and grasp the patient’s left upper arm

4. Instruct the patient to lean forward and relax so that their 
weight will be carried by your right arm. The patient will have a 
natural tendency to rotate their trunk to the right

Figure 50-25 Lumbar seated technique for paraspinal tissues.

Figure 50-26 Lumbar seated technique for paraspinal tissues, 
step 6.
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2. Gently press down toward the table until suffi cient pressure is 
in place to engage the sacral paravertebral musculature. Note: 
Care must be taken not to exert excessive pressure as this will 
compress the muscle against the bone. This causes the patient 
unnecessary pain and may bruise the soft tissues

3. To the extent permitted by the soft tissues, slide your thumbs 
cephalad carrying the skin and musculature with them. At the 
end of longitudinal glide, separate your thumbs slightly exert-
ing a lateral traction. Note: Do not slide over the surface of the 
skin

4. Hold this position for a short period of time and then gradually 
release the tension

5. Reposition your thumbs half to one segment lower on the 
sacrum

6. Repeat steps 2 to 4 for 2 or 3 minutes
7. Success of the technique is determined by palpating the 

degree of tissue tension in the previously hypertonic postsacral 
musculature

Articulatory Technique
Sacral Rock
Diagnosis
Restriction: Sacral motion with respiration is restricted.

Treatment Position
Patient: Prone

Physician: Standing at the side of the patient at the level of the 
patient’s pelvis

Procedure
1. Place your cephalad hand on the sacrum, heel of the hand at S1, 

fi ngers pointing toward the coccyx (Fig. 50.28)
2. Place your caudad hand on top of the other hand, heel of the 

hand at the S4/5 level, fi ngers pointing toward the lumbar spine 
(Fig. 50.29)

3. Instruct the patient to inhale deeply, and follow the sacrum into 
extension

4. At the end of inhalation, carry the sacrum slightly further into 
extension and hold it there for a second (Fig. 50.30)

5. Instruct the patient to exhale, and follow the sacrum into fl exion
6. At the end of exhalation, carry the sacrum slightly further into 

fl exion and hold it there for a second (Fig. 50.31)
7. Steps 3 to 6 are repeated for 2 or 3 minutes
8. Success of the technique is determined by reassessing sacral 

motion

739.5 Pelvic Somatic Dysfunction

Soft Tissue Technique
Piriformis Muscle
Type of Soft Tissue Technique
Inhibitory pressure

Diagnosis
Hypertonicity of the piriformis muscle

Treatment Position
Patient: Lateral recumbent with the hypertonic piriformis muscle 
away from the table.

Physician: Standing at the side of the treatment table, facing 
the patient at the level of the patient’s pelvis.

7. Reposition your left hand to engage a different portion of the 
lumbar spine

8. Repeat steps 5 to 7 in a rhythmic fashion for 2 to 5 minutes
9. Success of the technique is determined by retesting lumbar 

regional range of motion in rotation

Note: This technique may be converted to a segmental lumbar rota-
tion technique by isolating the forces of the left hand over a single 
transverse process and by limiting truncal rotation to that amount 
which specifi cally articulates that segment.

739.4 Sacral Somatic Dysfunction

Soft Tissue Technique
Bilateral Thumb Pressure: Sacral Region
Type of Soft Tissue Technique
Parallel traction

Diagnosis
Hypertonicity of the multifi dus and erector spinae musculature 
overlying the sacrum

Treatment Position
Patient: Prone

Physician: Standing at the side of the treatment table at the 
level of the patient’s thighs

Procedure
1. Place your thumbs on either side of the spinous process of S1 

(Fig. 50.27)

Figure 50-27 A-B. Bilateral thumb pressure—sacral region.
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Procedure
1. Flex the patient’s hips to 45 degrees and knees to 90 degrees
2. The hypertonic muscle can be located at the superior posterior 

corner of the greater trochanter (Fig. 50.32)
3. Place the olecranon process of your cephalad elbow on top of 

this hypertonic fascicle of muscle (Fig. 50.33)
4. Press gently down ward toward the table for 2 to 5 minutes 

or until a softening (release) of the muscle is felt. Note: Care 
should be taken with this technique as the olecranon is less sen-
sitive to pressure than the hands and neophytes often exert too 
much force

5. Success of the technique is determined by repalpating the previ-
ously hypertonic piriformis muscle and/or by testing hip range 
of motion in internal rotation with the hip held in a neutral 
position

Figure 50-28 A-B. Sacral rock, step 1.

Figure 50-29 A-B. Sacral rock, step 2.

Figure 50-30 Sacral rock, step 4.
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Articulatory Technique
Posteriorly Rotated Innominate: Modifi ed Sims Position
Diagnosis
Position: Posteriorly rotated innominate

Restriction: Innominate is restricted in anterior rotation

Treatment Position
Patient: Modifi ed Sims position with the innominate to be treated 
away from the table (Fig. 50.34)

Physician: Standing behind the patient at the level of the 
patient’s pelvis

Procedure
1. Place the heel of your cephalad hand posterior to the posterior 

superior iliac spine on the side of the dysfunction and exert a 
continuous fi rm force

2. With your caudad hand, grasp the patient’s shin just distal to 
the knee (Fig. 50.35)

3. With a smooth continuous motion, perform the following 
motions:
Flexion of the hip to 100 to 120 degrees (Fig. 50.36)
Abduction of the hip to 25 to 30 degrees (Fig. 50.37)
Extension of the hip to 35 to 40 degrees (Fig. 50.38)
Adduction of the hip to 0 degrees (Fig. 50.39)

Figure 50-31 Sacral rock, step 6.

Figure 50-32 Piriformis muscle, step 2.

Figure 50-33 Piriformis muscle, step 3.

Figure 50-34 Posteriorly rotated innominate—modifi ed Sims 
position.

Figure 50-35 Posteriorly rotated innominate—modifi ed Sims 
position, step 2.
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Treatment Position
Patient: Supine

Physician: Seated at the foot of the treatment table

Procedure
1. Place your other hand beneath the patient’s heel to stabilize the 

foot (Fig. 50.40)
2. Make a loose fi st with your dominant hand, and position your 

fi ngers so that a smooth spiraling arc of a surface is created by 
the proximal phalanges of your fi ngers (Fig. 50.41)

3. Contact the sole of the foot just proximal to the heads of the 
metatarsals with the proximal phalanx of your little fi nger 
(Fig. 50.42)

4. Maintaining a fi rm pressure against the arch, slide your fi ngers 
down the sole of the foot toward the medial calcaneal tubercle. 
Your proximal phalanges of your fi ngers should make sequen-
tial contact (little fi nger, ring fi nger, middle fi nger, index fi nger) 
with the sole of the foot proximal to the heads of the metatarsals 
(Fig. 50.43)

5. Upon reaching the heel, remove your hand and repeat steps 3 
and 4

6. This technique is continued for 3 to 5 minutes
7. Success of this technique is determined by palpating for reduced 

tension in the plantar fascia, or reassessing the mobility of the 
longitudinal arch, or by auscultating a snoring sound from your 
patient

Figure 50-36 Posteriorly rotated innominate—modifi ed Sims 
position, step 3.

Figure 50-37 Posteriorly Rotated innominate—modifi ed Sims posi-
tion, step 3, abduction.

Figure 50-38 Posteriorly rotated innominate—modifi ed Sims 
position, step 3, extension.

Figure 50-39 Posteriorly rotated innominate—modifi ed Sims 
position, step 3, adduction.

4. Repeat this series of movements three to fi ve times
5. Success of the technique is determined by retesting iliosacral 

motion

739.6 Lower Extremity Somatic Dysfunction

Soft Tissue Technique
Plantar Fascia
Diagnosis

Plantar fasciitis
Rigid pes planus
Need for general relaxation and sedation

Figure 50-40 Plantar fascia soft tissue.
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Articulatory Technique
Longitudinal Arch Springing
Diagnosis
Restriction: Rigidity or reduced motion of the longitudinal arch

Treatment Position
Patient: Patient lies supine

Physician: Seated at the foot of table

Procedure
1. Place both thumbs under the arch of the foot from the medial 

aspect with the fi ngers of each hand fanning out on the dorsal 
surface of the foot (Fig. 50.44)

2. With your more cephalad thumb, lift the arch with a force that 
wraps from medial to lateral across the top of the foot

3. With your more caudad thumb, lift the lateral aspect of the more 
distal portion of the arch; your hand wraps medially around the 
foot creating an arch raising counterforce

4. The two hands twist in opposite directions with a “wringing” 
motion, reestablishing the arch. After each wringing motion, 
the thumbs are shifted slightly more proximal or distal on the 
arch, not twisting the foot in exactly the same way each time 
(Fig. 50.45)

5. Success of the technique is determined by reevaluating the 
mobility of the longitudinal arch

739.7 Upper Extremity Somatic Dysfunction

Soft Tissue Technique
Rhomboid Muscles
Type of Soft Tissue Technique
Parallel traction

Diagnosis
Hypertonicity of the rhomboid musculature

Treatment Position
Patient: Lateral recumbent technique with the rhomboid to be 
treated away from the table

Physician: Standing facing the patient at the level of the 
patient’s shoulder

Figure 50-41 Plantar fascia soft tissue, step 2.

Figure 50-42 Plantar fascia soft tissue, step 3.

Figure 50-43 Plantar fascia soft tissue, step 4.

Figure 50-44 Longitudinal arch springing.
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Articulatory Technique
Seven Stages of Spencer
Historical note: These techniques were developed by Charles H. Spen-
cer, DO of Los Angeles, CA. They were fi rst presented before the Sec-
tion on Technic at the Portland Session of the American Osteopathic 
Association Convention, August 1915, and published in the Journal of 
the American Osteopathic Association. The original version of these tech-
niques was largely forgotten; as were the photos and many personal 
modifi cations were developed by osteopathic physicians over the ensu-
ing years. One of the common modifi cations of stage 5 was taught by 
Angus Cathie, DO, in Philadelphia, hence the division of stage 5 into 
parts 5-A and 5-B. Stage 5-A is the technique as Spencer performed it 
(2–5). Another commonly taught modifi cation is the addition of a pos-
tisometric relaxation muscle energy technique performed in the same 
position for those stages that permit this sort of modifi cation.

Indications
Bursitis of the shoulder
Tendinitis and tenosynovitis of the shoulder
Fibrous adhesive capsulitis

Treatment Position
Patient: Lateral recumbent with the shoulder to be treated away 
from the table

Physician: Standing at the side of the table facing the patient at 
the level of the patient’s chest

Procedure
Stage 1: Extension
1. Use your cephalad hand to stabilize the shoulder girdle by span-

ning with scapular and clavicle from the superior aspect with 
your thumb and fi ngers (Fig. 50.47).

Procedure
1. Extend the patient’s shoulder to 45 degrees and have the 

patient’s hand rest on the lateral abdomen (Fig. 50.46)
2. Pass your caudad hand under the patient’s arm, and with the 

pads of your fi ngers, grasp the medial border of the scapula
3. With your cephalad hand, contact the anterior portion of the 

shoulder to provide an effective counterforce
4. With your caudad hand, draw the medial border of the scapula 

laterally and caudad, parallel to the fi bers of the rhomboid mus-
culature, hold for a second, and slowly release the tension

5. This technique is applied slowly and rhythmically gradually 
progressing along the medial border of the scapula

6. Continue this technique for 3 to 5 minutes
7. Success of the technique is determined through palpation of 

the previously hypertonic rhomboid musculature. Success 
may also be determined in part by reassessing the patient’s 
symptomatology

Figure 50-45 A-B. Longitudinal arch springing, step 4.

Figure 50-46 A-B. Rhomboid muscles.
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3. Use your hand that is closest to the patient to anchor the shoul-
der girdle by placing the heel of your hand on the spine of the 
scapula and extending your fi ngers over the top of the shoulder 
to the clavicle

4. Carry the shoulder into fl exion until you engage the restrictive 
barrier

5. Apply a gentle but fi rm force carrying the shoulder a short dis-
tance through its restrictive barrier. Hold for 1 or 2 seconds and 
release. Passive tissue tension will return the shoulder to a posi-
tion just inside the restrictive barrier. Apply this force rhythmi-
cally, stretching 1 to 2 seconds, followed by a release of that 
stretch. This rhythmic stretching is continued until no further 
progress in shoulder fl exion can be appreciated

6. Muscle energy modifi cation: The patient is instructed to extend 
the shoulder against the physician’s unyielding resistance. This 
contraction is held for 3 to 5 seconds followed by a second of 
relaxation before the restrictive barrier is again engaged

7. Step 5 is repeated three to fi ve times
8. Success of the technique is determined by retesting shoulder 

range of motion in fl exion. Success is determined in part by 
reassessing the patient’s symptoms

Stage 3: Compression Circumduction
1. Return to your starting position for stage 1 (Fig. 50.49)
2. Abduct the patient’s shoulder to approximately 90 degrees
3. Very gently compress the patient’s elbow toward the glenoid fossa
4. Start making small clockwise circles, a circumduction motion. 

Gradually enlarge these circles creating larger and larger con-
centric circles as the patient’s condition permits. This move-
ment is continued for 15 to 30 seconds

5. Then reverse direction performing the same maneuver in a 
counterclockwise direction. There are occasions where a restric-
tion may not be felt in one direction but may become quite 
evident in the reverse direction

6. It is not necessary to perform the entire circle every time. If an 
arc of motion is identifi ed that is particularly restricted, move-
ment can be limited to that restricted arc

7. Muscle energy modifi cation: None for stage 3

2. With your caudad hand, grasp the patient’s forearm just distal 
to the elbow

3. Carry the shoulder into extension until you engage the restric-
tive barrier

4. Apply a gentle but fi rm force carrying the shoulder a short dis-
tance through its restrictive barrier. Hold for 1 or 2 seconds and 
release. Passive tissue tension will return the shoulder to a posi-
tion just inside the restrictive barrier. Apply this force rhythmi-
cally, stretching 1 to 2 seconds, followed by a release of that 
stretch. This rhythmic stretching is continued until no further 
progress in shoulder extension can be appreciated

5. Muscle energy modifi cation: The patient is instructed to fl ex the 
shoulder against the physician’s unyielding resistance. This 
contraction is held for 3 to 5 seconds followed by a second of 
relaxation before the restrictive barrier is again engaged

6. Step 5 is repeated three to fi ve times
7. Success of the technique is determined by retesting shoulder 

range of motion in extension. Success is determined in part by 
reassessing the patient’s symptoms

Stage 2: Flexion
1. Draw the patient’s arm across in front of their body toward fl ex-

ion. At the same time, turn your body to face the head of the 
table, arm in front of you (Fig. 50.48)

2. Switch hands so that your hand farthest from the body grasps 
the patient’s hand

Figure 50-47 Seven stages of Spencer—stage 1—extension. 
(Used from Nicholas & Nicholas. Atlas of Osteopathic Technique. 
Philadelphia, PA: Lippincott, Williams & Wilkins, with permission.)

Figure 50-48 Seven stages of Spencer—stage 2—fl exion. 
(Used from Nicholas & Nicholas. Atlas of Osteopathic Technique. 
Philedelphia, PA: Lippincott, Williams & Wilkins, with permission.)

Figure 50-49 Seven stages of Spencer—stage 3—compression 
circumduction. (Used from Nicholas & Nicholas. Atlas of Osteo-
pathic Technique. Philedelphia, PA: Lippincott, Williams & Wilkins, 
with permission.)
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5. Apply a gentle but fi rm force carrying the shoulder a short 
distance through its restrictive barrier. Hold for 1 or 2 seconds 
and release. Passive tissue tension will return the shoulder to 
a position just inside the restrictive barrier. Apply this force 
rhythmically, stretching 1 to 2 seconds, followed by a release 
of that stretch. This rhythmic stretching is continued until no 
further progress in shoulder adduction can be appreciated

6. Muscle energy modifi cation: The patient is instructed to abduct 
the shoulder against the physician’s unyielding resistance. This 
contraction is held for 3 to 5 seconds followed by a second of 
relaxation before the restrictive barrier is again engaged

7. Step 5 is repeated three to fi ve times
8. Success of the technique is determined by retesting shoulder 

range of motion in adduction. Success is determined in part by 
reassessing the patient’s symptoms

Stage 5B: Abduction
1. Return to your starting position for stage 5 (Fig. 50.52)
2. With your caudad hand, abduct the shoulder until the restric-

tive barrier is engaged
3. Apply a gentle but fi rm force carrying the shoulder a short dis-

tance through its restrictive barrier. Hold for 1 or 2 seconds and 
release. Passive tissue tension will return the shoulder to a posi-
tion just inside the restrictive barrier. Apply this force rhythmi-
cally, stretching 1 to 2 seconds, followed by a release of that 

8. Success of the technique is determined by reassessing circum-
duction of the shoulder. Success is determined in part by reas-
sessing the patient’s symptoms

Stage 4: Traction Circumduction
1. Upon completion of stage 3, extend the patient’s elbow and 

grasp the patient’s arm at the wrist by encircling it with your 
hand (take care not to compress any of the neural or vascular 
structures crossing the wrist joints) (Fig. 50.50)

2. Place a gentle traction upward toward the ceiling on the wrist
3. Start making small clockwise circles, a circumduction motion. 

Gradually enlarge these circles creating larger and larger con-
centric circles as the patient’s condition permits. This move-
ment is continued for 15 to 30 seconds

4. Then reverse direction performing the same maneuver in a 
counterclockwise direction. There are occasions where a restric-
tion may not be felt in one direction but may become quite 
evident in the reverse direction

5. It is not necessary to perform the entire circle every time. If an 
arc of motion is identifi ed that is particularly restricted, move-
ment can be limited to that restricted arc

6. Muscle energy modifi cation: None for stage 3
7. Success of the technique is determined by reassessing circum-

duction of the shoulder. Success is determined in part by reas-
sessing the patient’s symptoms

Stage 5A: Adduction and External Rotation
1. Return to the starting position for stage 1 (Fig. 50.51)
2. Move your cephalad arm so that your forearm is at right angles 

to the long axis of the patient’s body and parallel to the surface 
plane of the table

3. Slightly fl ex the shoulder so that the arm may pass just in front 
of the body

4. With your caudad hand, adduct the shoulder until the restric-
tive barrier is engaged

Figure 50-50 Seven stages of Spencer—stage 4—traction cir-
cumduction. (Used from Nicholas & Nicholas. Atlas of Osteopathic 
Technique. Philadelphia, PA: Lippincott, Williams & Wilkins, with 
permission.)

Figure 50-51 Seven stages of Spencer—stage 5A—adduction 
external rotation. (Used from Nicholas & Nicholas. Atlas of Osteo-
pathic Technique. Philadelphia, PA: Lippincott, Williams & Wilkins, 
with permission.)

Figure 50-52 Seven stages of Spencer—stage 5B—abduction. 
(Used from Nicholas & Nicholas. Atlas of Osteopathic Technique. 
Philadelphia, PA: Lippincott, Williams & Wilkins, with permission.)
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4. Scoop the patient’s humeral head in a caudad direction parallel 
to the table, creating a translatory motion toward the inferior 
edge of the glenoid fossa

5. Apply a gentle but fi rm force carrying the shoulder a short dis-
tance through its restrictive barrier. Hold for 1 or 2 seconds and 
release. Passive tissue tension will return the shoulder to a posi-
tion just inside the restrictive barrier. Apply this force rhythmi-
cally, stretching 1 to 2 seconds, followed by a release of that 
stretch. This rhythmic stretching is continued until no further 
progress in shoulder abduction can be appreciated

6. Muscle energy modifi cation: While maintaining the caudad trac-
tion on the patient’s arm, instruct the patient to press their hand 
down against your shoulder. This contraction is held for 3 to 5 
seconds followed by a second of relaxation before the restrictive 
barrier is again engaged

7. Step 6 is repeated three to fi ve times
8. Success of the technique is determined by retesting shoulder 

range of motion. Success is determined in part by reassessing 
the patient’s symptoms

739.8 Rib Somatic Dysfunction

Soft Tissue Technique
Scalene Stretching
Diagnosis
Hypertonicity of the scalene musculature maintaining ribs 1 and 2 
in a position of inhalation on the left side of the neck

Type of Soft Tissue Technique
Parallel traction

stretch. This rhythmic stretching is continued until no further 
progress in shoulder abduction can be appreciated

4. Muscle energy modifi cation: The patient is instructed to adduct 
the shoulder against the physician’s unyielding resistance. This 
contraction is held for 3 to 5 seconds followed by a second of 
relaxation before the restrictive barrier is again engaged

5. Step 5 is repeated three to fi ve times
6. Success of the technique is determined by retesting shoulder 

range of motion in abduction. Success is determined in part by 
reassessing the patient’s symptoms

Stage 6: Internal Rotation
Note: Patients with severely advanced fi brous adhesive capsulitis 
may not be able to be placed in position for this technique without 
signifi cant modifi cation (Fig. 50.53).

1. Abduct the patient’s shoulder 45 degrees. Internally rotate the 
patient’s shoulder 90 degrees (if possible). Place the dorsum of 
the patient’s hand in the small of the back

2. Reinforce the anterior portion of the shoulder with your 
cephalad hand

3. Gently pull the patient’s elbow forward until the restrictive bar-
rier is engaged

4. Apply a gentle but fi rm force carrying the shoulder a short dis-
tance through its restrictive barrier. Hold for 1 or 2 seconds and 
release. Passive tissue tension will return the shoulder to a posi-
tion just inside the restrictive barrier. Apply this force rhythmi-
cally, stretching 1 to 2 seconds, followed by a release of that 
stretch. This rhythmic stretching is continued until no further 
progress in shoulder abduction can be appreciated

6. Muscle energy modifi cation: The patient is instructed to pull the 
elbow backward against the physician’s unyielding resistance. 
This contraction is held for 3 to 5 seconds followed by a second 
of relaxation before the restrictive barrier is again engaged

7. Step 6 is repeated three to fi ve times
8. Success of the technique is determined by retesting shoulder 

range of motion in internal rotation. Success is determined in 
part by reassessing the patient’s symptoms

Stage 7: Traction with Inferior Glide
1. Turn and face the head of the table (Fig. 50.54)
2. Abduct the patient’s arm and place the patient’s hand and wrist 

on your shoulder closest to the patient
3. With fi ngers interlaced, place your hands just distal to the 

glenohumeral joint

Figure 50-53 Seven stages of Spencer—stage 6—internal rota-
tion. (Used from Nicholas & Nicholas. Atlas of Osteopathic Tech-
nique. Philadelphia, PA: Lippincott, Williams & Wilkins, with permis-
sion.)

Figure 50-54 A & B. Seven stages of Spencer—stage 7—traction 
with inferior glide. (Used from Nicholas & Nicholas. Atlas of Osteo-
pathic Technique. Philadelphia, PA: Lippincott, Williams & Wilkins, 
with permission.)
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Note: At each rib level, you will want to position the pads of your 
fi ngers between the costotransverse articulation and the angle of 
the rib.

4. Lean your weight onto your back foot, drawing the patient 
toward you. The patient’s forearms should translate forward, 
parallel to the fl oor. At the same time, this should permit 
the shoulders to drop, increasing the tension on the pecto-
ral musculature and drawing the anterior aspect of the ribs 
cephalad

5. Simultaneously press forward with the pads of your fi ngers to 
create a gapping pressure at the costotransverse articulations

6. Hold this position for 1 second, then release, allowing your 
weight to transfer to the more anterior foot, and the patient to 
spring back to a more upright position

7. Move the pads of your fi ngers down one rib level and repeat. 
Continue this stepwise down the rib cage until you can no 
longer comfortably reach the rib levels (usually in the range of 
ribs 6 to 8)

8. Reverse the procedure, working your way back up the rib cage 
until you again reach the second rib

9. Success of the technique is determined by retesting motion of 
the previously restricted costal levels

739.9 Abdominal: Other Somatic Dysfunction

Soft Tissue Technique
Lateral Abdominal Wall
Diagnosis
Hypertonicity of the lateral abdominal wall musculature

Type of Soft Tissue Technique
Perpendicular traction/parallel traction
(This depends upon which muscle layer you wish to talk about.)

Treatment Position
Patient: Prone

Physician: Standing at the side of the table on the side opposite 
the hypertonic musculature

Treatment Position
Patient: Supine

Physician: Seated to the right side of the head of the treatment 
table

Procedure
1. Pass your caudad arm beneath the patient’s neck with your hand 

adjacent to the opposite shoulder (Fig. 50.55)
2. Gently, using your more cephalad hand, roll the patient’s head 

along your arm from your fi ngers toward your elbow, until it is 
rotated 45 to 60 degrees from the midline

3. Allow the patient’s head to drop over your forearm, placing the 
anterolateral cervical musculature on stretch. (You may have to 
raise your elbow slightly off the table.)

4. Slowly, roll the head slightly further through the soft tissue 
restrictive barrier, simultaneously pressing the head gently 
down toward the table. Hold this position for a second and 
release, allowing the head to rise and roll back to just inside the 
restrictive barrier

5. This technique is applied slowly and rhythmically gradually 
increasing the amount of stretch

6. Continue this technique for 3 to 5 minutes
7. Success of the technique is determined by reassessing freedom 

of motion of the fi rst and second ribs, and by repalpating the 
previously hypertonic scalene musculature. Success is in part 
determined by reassessing the patient’s symptoms

Articulatory Technique
Rib Raising: Seated Position
Diagnosis
Restriction of motion of ribs 2 to 6. Motion will be created through 
traction on the pectoralis major muscle. (Motion may be imparted 
indirectly to rib 1 via its clavicular relations and ribs 7 to 10 through 
the attachments of the serratus anterior muscle.)

Treatment Position
Patient: Seated on the side or end of the treatment table.

Physician: Standing facing the patient with one foot behind 
the other.

Procedure
1. Instruct the patient to cross his or her arms, hooking their 

thumbs into the antecubital fossae (Fig. 50.56)
2. Reach under the patients arms with both your hands, then pass 

them over the patient’s shoulders
3. Make contact with the pads of your fi ngers at the level of the sec-

ond costotransverse articulation, just lateral to that same joint

Figure 50-55 Scalene stretching.

Figure 50-56 Rib raising—seated position.
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 6.  Instruct your patient to exhale. Again follow the liver edge as 
it glides superiorly and posteriorly with upward motion of the 
diaphragm

 7.  Increase your pressure against the liver margin and instruct 
the patient to breathe deeply again. Try not to allow the liver 
to move

 8.  Instruct the patient to exhale and follow the liver as it moves 
with exhalation

 9.  Repeat steps 7 and 8 until no further increase in liver motion 
is palpable

10. Success of the technique is determined by reassessing dia-
phragmatic and right lower costal motion

SUMMARY

Both soft tissue and articulatory techniques span a wide range 
of force levels and are therefore adaptable to a wide variety of 
patient types and problems, making them two of the most ver-
satile treatment forms available. These techniques are often used 
to decrease muscle tension and increase joint mobility prior to 
use of high-velocity low-amplitude thrust techniques. They can 
be used alone, or in combination with any other manipulative 
technique.
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Procedure
1. Wrap your cephalad hand around the lateral abdomi-

nal wall. Make your palmar contact as complete as possible 
(Fig. 50.57)

2. Place your caudad hand on the iliac crest with the heel of your 
hand near the posterior superior iliac spine

3. Draw the abdominal wall toward you, simultaneously increas-
ing the pressure on the iliac crest to maintain the pelvis in 
place

4. Hold this position for a second, then release, allowing the 
abdominal musculature to draw back to its position just inside 
the restrictive barrier

5. Reposition your hand slightly on the abdominal wall and 
repeat

6. Continue steps 3 to 5 rhythmically for 3 to 5 minutes
7. Success of the technique is determined by repalpating the previ-

ously hypertonic abdominal muscles

Articulatory Technique
Liver Articulation
Note: In this technique, the liver is considered to articulate with the 
diaphragm. Infl ammatory conditions involving the liver may result 
in adherence of the liver to the diaphragm with subsequent restric-
tion of diaphragmatic and lower right costal motion

Diagnosis
Restriction of hepatic motion relative to the diaphragm

Treatment Position
Patient: Seated on the side of the treatment table

Physician: Standing behind the seated patient

Procedure
 1.  Reach under the patient’s arms and bring your fi nger pads into 

contact with the abdominal wall 1.5 to 2 in. below the right 
costal margin (Fig. 50.58)

 2.  Have the patient slump back against you, relaxing the abdomi-
nal wall

 3.  Exert a posterior pressure with the pads of all of your fi ngers 
and then curl them upward against the inferior surface of the 
anterior edge of the liver

 4. Instruct the patient to take a deep breath
 5.  Follow the liver edge as it glides slightly down and forward 

with downward motion of the diaphragm

Figure 50-57 Lateral abdominal wall.

Figure 50-58 A, B. Liver articulation.
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Lymphatics Approach
MICHAEL L. KUCHERA51

K E Y  C O N C E P T S
■ The lymphatic system plays a major role in numerous homeostatic mechanisms of the body.
■ The lymphatic system is particularly vulnerable to fascial dysfunction in the region of the superior thoracic inlet.
■ Initial draining of the lymphatic system must always be done through terminal areas.
■ The risk-to-benefit ratio for lymphatic techniques is quite good. No known significant complications have resulted 

from osteopathic lymphatic treatment to date. Clinical judgment, however, should always be used when 
prescribing treatment for a patient in any disease state.

CASE STUDY

Pregnant Medical Transcriptionist With Finger Swelling 
and Tingling:
This chapter documents numerous benefits that could be derived 
from thoughtful osteopathic care centered about the respiratory-
circulatory model and the systematic, sequential application of 

local, regional and systemic “lymphatic” osteopathic manipulative 
treatment (OMT) to facilitate fluid homeostasis.

Initial Case Presentation:
After 14 years at the same job without complaint, a 32-year-old 
transcriptionist now presents with 6-week progressive numb-
ness and tingling in her right (dominant) hand. Awakening her 
nearly every night, the distribution of her dysesthesiae includes 
her thumb and the next 2½ digits. For the last month, she has had 
difficulty opening jars and has nearly dropped objects. Gravida I, 
para 0-0-0-1 and early in her second trimester, she takes no medi-
cations or nutritional supplements other than a prenatal vitamin.

Findings:
Her right thenar eminence appears smaller than the left and 
manifests reduced grip strength; all fingers on the right hand 
are puffy. On the right, positive neurological tests include 
Phalen’s (at 20 seconds) and Tinel’s (just distal to the wrist’s 
flexor crease). There are no other historical or physical findings 
to indicate thyroid disorder, cervical radiculopathy, diabetes, 
vascular disease, or other significant health issue.

The common compensatory pattern (CCP) of Zink is vio-
lated by her superior thoracic inlet that prefers rotation and 
sidebending to the left. She has tender fullness in the right 
supraclavicular region and posterior axillary fold; in the supine 
position, her shallow, rapid breaths are seen to extend only half-
way down to the umbilicus. Spinal palpatory reveals only grade 
I severity, Fryette type-I somatic dysfunctions; no Chapman 
points or collateral ganglion findings were identified. She has 
a right posterior radial head. Active myofascial trigger points 
(MTrPs) are palpated in the right pronator teres and in several 
forearm and finger flexor muscles.

Electromyography (EMG) consisting of nerve conduction 
studies (NCS) with needle examination confirmed moderate 
severity median entrapment neuropathy at the wrist with positive 
sensory and motor NCS but no fibrillation potentials in the thenar 
eminence; it also ruled out a concomitant cervical radiculopathy.

This case and its discussion at the end of the chapter were chosen to 
illustrate the rationale and manual components associated with applying 
the respiratory-circulatory model. The ultimate result of the OMT portion 
of her care in this regard included reduction of upper extremity edema, res-
olution of the signs and symptoms of her carpal tunnel syndrome (CTS), 
and increased function in both her arm and several other systems.
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acceptance of technique sequences designed to enhance cellular level 
health (internal respiration) by maximizing external respiration. In 
his extensive teaching of the respiratory-circulatory model, Zink 
placed special emphasis on the fascial restrictions that limited venous 
and lymphatic return, the value of creating pressure differentials in 
the body cavities for effective venous-lymphatic fl ow, and the central 
importance of the thoracoabdominopelvic pump in the maintenance 
of lymphatic homeostasis (14–16). While the idea that respiration 
affected venous return was known at this time, it was only quantifi ed 
and confi rmed with Doppler studies in the 1980s (17).

Specifi c lymphatic treatments outside the osteopathic profession 
were fi rst defi ned and described by Emil Vodder, a French Ph.D. in 
the 1930 and consisted largely of manual lymph drainage (18). Based 
upon manual therapies for draining lymphedema, Vodder method 
was developed further in Europe during the 1960s and applied to 
the treatment of lymphedema patients, as a part of Complex Decon-
gestive Therapy (Complex Decongestive Therapy). Schools teaching 
therapists and physicians to perform the Vodder technique opened 
in the 1970s about the same time that Zink was popularizing a codi-
fi ed approach for osteopathic physicians to enhance the lymphatics.

Zink, and subsequently Bruno Chikly, M.D., described diag-
nostic sites for identifi cation of regional lymphatic dysfunction 
(sites of “terminal lymphatic drainage”) (19–21) and integrated 
concepts from osteopathy in the cranial fi eld. In addition, Zink 
specifi cally linked “primary and secondary respiration” by talking 
about the “craniosternosacral mechanism”; as a consequence of his 
attempts to raise awareness of this approach, osteopathic students 
fondly referred to Zink as the “lymphomaniac.”

History—Osteopathic Lymphatic Technique

If we think … and say that disease is only too much dirt in the wheels 
of life, then we see that ‘Nature takes this method to wash out the 
dirt.’…Let the lymphatics always receive and discharge naturally, if 
so we have no substance detained long enough to produce fermenta-
tion, fever, sickness, and death. We strike at the source of life and death 
when we go to the lymphatics. …Thus it behooves us to handle them 
(the lymphatics) with wisdom and tenderness, for by and from them, a 
withered limb, organ, or any division of the body receives what we call 
reconstruction, or is builded anew ….—A. T. Still (22).

Still preferred that his students create techniques to accom-
plish clinical goals, that is, techniques based upon their knowledge 
of anatomy rather than a memorized maneuver. (“I am not here to 
teach a bunch of parrots,” he wrote) (23). Probably for this reason, 
the lymphatic techniques used by Still as early as the 1870s were 
not described by his students until later (24). Nonetheless, some 
specifi c osteopathic lymphatic techniques, using a few minutes of 
local manual pumping to reduce swelling in and around organs 
(such as the pressure-sensitive liver), were described in the profes-
sion’s literature as early as 1898 (25).

Like that over the liver, rhythmic manual pumping over the 
spleen (a secondary lymphoid organ) was described and researched 
very early in the osteopathic profession; as it is even today. Clem-
ent A. Whiting, D.O., studied the effects of using splenic pump 
on immune function in 1910 (22) as did M.A. Lane, D.O. in 1920 
(26), and Yale Castlio, D.O., and Louise Ferris-Smith, D.O., in 
the 1930s (27,28). Research, using modern methods to investigate 
lymphatic pump techniques to enhance immune function began 
again in earnest with the work of Measel (29,30) in the 1980s and 
continues today with funding from both NIH and the osteopathic 
profession. (Modern research outcomes are discussed later in this 
chapter.)

INTRODUCTION

The lymphatic system plays a major role in numerous homeostatic 
mechanisms of the body; it transports fats to the blood from digestive 
processes, facilitates immune function, is a vital component of the 
overall circulatory system of the body, and assists the body in remov-
ing interstitial tissue fl uid and plasma proteins that accumulate as a 
result of tissue metabolism, infl ammation, infection, trauma, or system 
dysfunction. For these reasons, a coordinated, systematic approach 
known as the “Respiratory-Circulatory model” and a number of lym-
phatic treatment techniques have been used clinically by osteopathic 
professionals to treat patients with a various conditions such as edema 
and infection. This model is indicative of one of the “structure-func-
tion framework” approaches commonly employed by osteopathic 
practitioners in their objective and subjective interpretation of the 
physical fi ndings that lead to rational diagnoses and treatment. It also 
codifi es a systemic osteopathic approach to deliver treatment that spe-
cifi cally and effectively accomplishes lymphaticovenous homeostatic 
goals; it may even provide useful respiratory-circulatory strategies 
aimed toward enhancing intrinsic, host-maintained health levels.

In order to systematically set and initiate clinical goals applying 
the “Respiratory-Circulatory model,” osteopathic physicians incor-
porate a number of important principles that infl uence both the 
choice of OMT techniques and the order of their application.

History—Systematic

The cells, which make up our body, have an internal environment 
also. The fl uid matrix of it must be free of ‘pollution.’ Waste products 
of tissue metabolism must be constantly carried away by the veins and 
lymphatics. The health and life of cells and therefore the whole body 
depend on it—J. Gordon, Zink, DO, F.A.A.O. (1).

The lymphatic system, which is integral to the understanding 
of health and disease, was accurately fi rst described as a system by 
Olaf Rudbeck (Sweden) in 1653 (2). The osteopathic profession, 
from its onset, embraced the importance of the lymphatic system and 
attempted to document its role in health. A. T. Still emphasized that 
diagnosis of the fascia and treatment of the lymphatic system was vital 
for maintaining health and treating disease (3); therefore, in 1898, 
his faculty in Kirksville used skiagraphy (an early form of x-ray) to 
research the distribution of the vascular and lymphatic systems (4).

Later, one of Still’s students, Frederic Millard, D.O., researched 
the structure and functions of the lymphatic system and published 
Applied Anatomy of the Lymphatics in 1922 (5). The fi rst DO to 
specifi cally describe physical examination of fl uid and lymphatic 
status (6,7), Millard based aspects of his surgical versus nonsurgical 
recommendations on the state in which he found the lymph nodes. 
He noted that the lymph vessels were “pliable and readily com-
pressed”; that “for every congested tissue there is a corresponding 
lymph disturbance”; and that “attempts to clear the lymph stream 
before clearing the edema in the clavicular regions is to over-tax 
the general lymph stream and cause profound reactions” (8). In 
addition, Millard also described a series of “lymphatic drainage” 
techniques (9–11) while admonishing the osteopathic practitioner 
to “never work over an enlarged or indurated lymph node,” advo-
cating instead to “free the efferents and the lymph will drain” (12).

J. Gordon Zink, D.O., F.A.A.O., acknowledging the work of 
Millard as his major inspiration, expanded the approach by popular-
izing the concept that “respiration and circulation are unifi able func-
tions” (13), and that, for homeostasis, eternal respiration determines 
internal respiration. Zink’s infl uence and teaching led to the profes-
sion’s general adoption of the “Respiratory-Circulatory” model and 
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the organized lymph tissue. In this chapter, organized lymph tissue 
includes the following structures (Fig. 51.2):

■ Spleen
■ Liver
■ Thymus
■ Tonsil
■ Vermiform appendix
■ Lymphoid tissues in the gastrointestinal and pulmonary tracts
■ Lymph nodes

Lymph and the lymphatic system cleanse, purify, and defend the 
body; they also play a role in absorbing and transporting nutrients 
and maintaining fl uid balance (Table 51.1).

Structural Components of Lymphatic System

Embryology
The lymphatics, along with other components of the immune sys-
tem, begin to develop by the end of the fi fth week and make signif-
icant and observable progress around the 20th week of gestation.

Lymphatic vessels, lymph nodes, the spleen, and myeloid tissue 
(the tissue in bone marrow responsible for production of various 
classes of blood cells, including lymph cells) all develop from lateral 
plate mesoderm. In contrast, both the thymus and the epithelial 
components of the tonsils differentiate from foregut endoderm.

Lymphatic vessels may arise from two different developmental 
trajectories; they can either form contingently as an outgrowth of 
the venous system or independently but still in close association 
with veins to create numerous lymphaticovenous connections 
throughout the body. Like blood vessels, large lymphatic vessels 
develop an endothelial lining and are capable of releasing nano-
molar levels of nitric oxide (NO) by upregulating transcription of 
endothelial NO synthase (eNOS). They have a distinctive vascu-
lature structure including a discontinuous basement membrane, 
open endothelial junctions, anchoring fi laments, valves, and intrin-
sic contractility; features that both share similarities to and contrast 
with the blood vasculature.

Masses of lymphocytes accumulate about lymphatic vessels and 
organize as lymph nodes. The spleen is composed of somewhat similar 
tissue, but its channels are supplied with blood rather than lymph.

Continued lymphangiogenesis occurs after tissue damage and 
in pathological states such as myocardial infarction. The “driving 
force” for new lymphatic vessel development is the need for orga-
nized interstitial fl uid fl ow homeostasis (39).

Osteopathic techniques expanded to the use of muscle pumps 
and respiratory pumps; each enhancing normal homeostatic mech-
anisms to move fl uids in the vascular-lymphatic system. C. Earl 
Miller in 1926 fi rst described and then researched the effects of 
the classic thoracic lymphatic pump along with other lymphatic 
approaches (Fig. 51.1A) (31,32). T.J. Ruddy, M.D., D.O., developed 
a muscle pump system called “Rapid Rhythmic Resistive Duction” 
for treating lymphatic congestion in multiple areas (especially the 
head and neck) (33) that was the precursor to later development of 
muscle energy techniques (Fig. 51.1B). William Galbreath, DO, 
described the Galbreath technique, a method for mobilizing lym-
phatic fl uid in the mandibular region and for draining accumulated 
fl uid from the middle ear in 1929 (Fig. 51.1C) (34,35).

Another student of A. T. Still, D.O., and a contemporary of 
Millard, D.O., William Garner Sutherland, D.O., also focused on 
fl uid diagnosis and treatment. Best known for his contributions to 
osteopathy in the cranial fi eld, Sutherland emphasized the defi ni-
tion of Webster’s defi nition of “fl uctuation” as “the movement of a 
fl uid within a natural or artifi cial cavity and observed by palpation or 
percussion” (36). The techniques he described and taught within the 
profession were simple and effective. He noted, “With the method I 
described of facilitating the movement of lymph and controlling the 
Tide by bringing the fl uctuation to the short rhythmic period, you 
have the interchange of all the fl uids of the body” (37).

The lymphatics were postulated by osteopathic practitioners 
to play a diagnostic and therapeutic role in visceral function. For 
example, Frank Chapman, D.O., another student of Still, elucidated 
a series of so-called neurolymphatic refl exes believed to correspond 
to visceral structures in the 1930s. These so-called Chapman’s 
Refl exes (see “Chapman’s Approach” in Chapter 52) are now more 
typically described as secondary tissue texture changes associated 
with viscerosomatic refl exes in a distribution associated with the 
sympathetic nervous system.

When all is said and done, Sutherland offered the most cogent 
insight, as true now as it was then:

The science of Osteopathy is simple. You realize you are a mechanic of 
the fl uids of the body as well as of the skeletal system (38).

STRUCTURE AND FUNCTION

Lymph and the structures making up the lymphatic system com-
prise approximately 3% of the body’s total weight. Lymphatic 
structures may be divided into the lymphatic collecting system and 

Figure 51-1 Examples of OMT techniques designed to move venous and/or lymphatic fl uids.
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Figure 51-2 Organized lymphoid tissues and lymph nodes.

T A B L E  5 1 . 1

Functions of the Lymphatic System in Regard to Homeostasis

Purification/cleansing of tissues

• Lymph bathes all body organs and cleanses extracellular space.
•  Lymph is delivered to lymph nodes which act as purifying filters to remove waste (particulate matter, exudates, 

bacteria, etc.)
•  Along with the fluid in lymph, waste products, proteins, postinjury biochemical by-products, etc. are removed.

Maintaining fluid balance

Daily about 30 L fluid moves from capillaries to the interstitial spaces.
• ~ 90% back into blood capillaries
• ~ 10% (3L) drains into lymphatic channels
• Fluid overload: Lymphatic system protects against damage
Lymphatics also return ~50% of plasma proteins diffusing out of vascular system (high molecular weight).

Defense/immunology

With so much contact with the body, the lymphatics provide a first-line defense against infection. The lymphatics 
carry antigen to the lymph nodes where the immune response is initiated.

Aging, lymphatics, and the immune system

• Immune system begins development at ~20 wk of gestation
•  At birth, the immune system is still immature but lymphoid tissue is plentiful during infancy and increases in amount 

until 6–9 y of age.
• At puberty, the immune system matures; lymphoid tissues slowly regress until 15–16 years of age.
•  Barring autoimmune dysfunction or disorders such as AIDS, lymphoid tissue and immune function levels are stable 

through most of the adult lifespan.
• In the geriatric patient, the system may decline to the point where they cannot mount a fever (silent infections).

Nutrition

Villi of small intestines absorb large amounts of long chain fats, chylomicrons, and cholesterol
After fatty meals, the thoracic duct may contain 2% fat; lymph-fat “chyle” changes color from clear yellow to milky 
white
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dispersed along the lymphatic vessels where they fi lter lymph and 
to synthesize lymphocytes. The lymph nodes might be the most 
highly organized of all lymphoid tissues (Fig. 51.2B)—with nodal 
reticuloendothelial cells to phagocytize bacteria, particulate mat-
ter, and cell fragments and with germinal centers to manufacture 
lymphocytes that enter the lymph as it passes through the node. 
The superfi cial nodes are located in subcutaneous connective tissues 
accompanying superfi cial veins and drain into three main groups: 
cervical, axillary, and inguinal. They receive lymph from skin and 
deeper tissues of the head, neck, and extremities. The deep nodes 
(Fig. 51.2A) drain into a system of collecting channels/trunks.

Lymphatic Vessels
With the exception of the brain, spinal cord, epidermis (including 
hair and nails), the endomysium of muscle and cartilage, bone mar-
row, and selected portions of the peripheral nerves—all of which 
are perfused by minute interstitial conduits or by direct diffusion—
lymph channels are disseminated throughout the entire body. The 
lymph channels begin as blind endothelial tubes or capillaries com-
posed of a single layer of leaky squamous epithelium that is sup-
ported by anchoring fi laments (Fig. 51.3A); this site is associated 
with the formation phase of lymph.

The lymphatic collectors are approximately 100 to 600 µm in 
diameter and consist primarily of chains of muscular units called 
“lymphangions” (Fig. 51.3B), which possess two-leafl et bicuspid 
valves. Described as little “lymphatic hearts” (40), lymphangions 
work much like the body’s heart pacemakers, contracting regularly 
throughout the lymphatic system (lymphangiomotoricity) and mov-
ing lymph in peristaltic waves. From the tunica media to the tunica 
externa, these muscular units have extensive autonomic (sympa-
thetic and parasympathetic) innervation, which is somewhat similar 
to the alpha and beta receptor system found in blood vessels.

Peripheral lymph capillaries join to form capillary plexes that, 
in turn, form larger paired trunks that will eventually feed into 
either the right or left thoracic ducts (Fig. 51.4). On their way to 
the thoracic ducts, superfi cial lymph vessels follow the course of the 
superfi cial veins and lymph nodes and drain into deep lymphatic 
channels; deep lymphatic vessels follow the deep veins and deep 

Organized Lymph Tissues
The spleen is the largest single mass of lymphoid tissue in the body. 
This pressure-sensitive organ abuts the diaphragm, which provides 
movement from its inherent respiratory-circulatory activity that is 
important for the employment of its homeostatic function. The spleen 
can be detected deep to the left 9th to 11th ribs and can be located by 
percussion of the area for splenic dullness. In the absence of splenom-
egaly, the spleen should not be palpable or percussible below the costal 
margin. Functionally, the spleen destroys deformed or damaged red 
blood cells, clears particulate antigens and microorganisms (particu-
larly poorly organized bacteria), and synthesizes immunoglobulin.

Half of the body’s lymph is formed in the liver, which also 
has a functional role in the purging bacteria from the body. The 
liver, similar to the spleen, is also a pressure-sensitive organ abut-
ting the diaphragm. Unless there is hepatomegaly, the liver’s edge 
is palpable at approximately the right costal margin. The liver’s 
venous-lymphatic drainage is shared between the gallbladder and 
the pancreas with the former serving as this region’s “gatekeeper” to 
venous and lymphatic drainage.

In infancy, the thymus is a relatively large organ that peaks in 
size at age 2 years. It serves to provide immunologically potent cells 
needed to develop mature immune cells. It is also a preprocessing 
site for T-lymphocyte immune cells. After puberty, in adulthood, it 
involutes and is replaced by fatty tissue.

The palatine, lingual, and pharyngeal tonsils are organized 
lymph tissues that are considered to be important to the child, but 
nonessential in adult immunologic function. In early life, they pro-
vide cells that are essential to building immunity. The vermiform 
appendix is also additional organized lymph tissue that is viewed 
as nonessential to adult immune function.

There are two types of visceral lymphoid tissues, pulmonary 
and small intestinal. Pulmonary lymphoid tissues aid in the fi l-
tration of particulate matter and toxins from the lungs. The small 
intestinal mucosal lymphoid tissues (Peyer patches and lacteals) 
have an autonomic innervation stemming from the enteric nervous 
system (including the Auerbach and Meissner plexi).

Finally, there are 400 to 450 superfi cial and deep lymph nodes 
that differ from other organized lymphatic tissues because they are 

Figure 51-3 Lymphatic collection system: Terminal, lymphagion, vessels, and ducts.
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facilitates peristalsis, and upregulation of eNOS activity from the 
endothelial shearing forces caused by lymphatic movement (41).

Lymph Fluid

Lymphatic fl uid (lymph) contains the cells produced in the lymph 
nodes as well as the fl uid, electrolytes, small proteins, and cells 
that leak out of arterial capillaries into the blind-ended lymphatic 
capillaries. The primary cells in lymph are lymphocytes (2,000 to 
20,000/mm in the thoracic duct). There are also macrophages and 
foreign antigens; bacteria and viruses found in peripheral lymph 
prior to being fi ltered are brought in close contact with the lym-
phatic immune cells. Lymph also carries clotting factors and after 
meals lymph coming from the left thoracic duct will carry chyle 
that is richly laden with emulsifi ed water-soluble fats.

Increased capillary permeability as occurs in various infl am-
matory and infectious conditions allows fl uid and proteins to 
escape into the interstitial tissues. These, along with the debris 
and by-products secondarily produced, must be removed by the 
lymphatic system. The infl ammatory process will progress through 
a proliferative phase.

Lymphatic Physiology and Homeostatic Mechanisms
A plan for management of lymphatic stasis is based on the under-
standing of the mechanics of lymph formation and its propulsion. 
There are three lymph phases: (1) formation, (2) vascular, and 
(3) terminal.

The formation phase (Fig. 51.5) consists of the movement 
of extracellular fl uid into blind endothelial tubes. This is not as 
automatic as it might sound. Circulatory forces (the hydrostatic 
and osmotic gradients, which produce capillary exchange) dissipate 
almost immediately beyond the edge of the vessel. Furthermore, 
Starling forces do not account for the movement of fl uid through 
the interstitial matrix (gel) where cellular respiration takes place.

By the time fl uid reaches these blind end pouches, a small uphill 
gradient must be overcome before lymph can form. This means 
that motion (including inherent tissue movements and fl uctuation 
of extracellular fl uid) is a vital interstitial mechanism that promotes 
interstitial interchange and thereby facilitates cellular respiration.

lymph nodes that subsequently drain the deep structures of the 
neck, the perineum and pelvis, the abdomen and the thorax. These 
deep channels lie around all major organs of the body.

A distinct, centimeter-long right lymphatic duct (RLD) can be 
found in 20% of patients and will cross the anterior scalene muscle to 
empty into the region of the jugulosubclavian vein junction. In 80% 
of patients, the three major right-sided drainage trunks (right jugu-
lar, right subclavian, and right bronchopulmonary trunks) will empty 
here through two to three openings. There are semilunar valves at the 
lymphaticovenous juncture to prevent venous blood from refl uxing 
into the RLD. The right side receives drainage from right side of the 
head and neck, right upper extremity, right chest, heart, and lungs 
with the possible exception of the left upper lobe. (Fig. 51.4B).

The left-sided thoracic duct (LLD) is the largest lymphatic 
channel in the body; it extends 38 to 45 cm in length from the fi rst 
lumbar vertebra to the root of the neck. This thoracic duct drains 
lymph from the left arm and left side of the neck and head, thorax, 
upper abdomen (to umbilicus) as well as both sides of the abdomen 
below the umbilicus and both of the lower limbs. The LLD arises 
either from the confl uence of several lymph trunks on the posterior 
abdominal wall or, in 20% of patients, from these lymph trunks 
draining into the cisterna chyli. The cisterna chyli, when present, is 
anterior to L1-2. The LLD then passes through the aortic opening 
in the diaphragm at the T12 level. It ascends in the posterior medi-
astinum to the right of the midline between the descending aorta 
(to its left) and the azygos vein (to its right). When the thoracic 
duct reaches the horizontal plane at the level of the sternal angle 
(T4), it inclines to the left. It then passes out of the thoracic cage 
into the neck through Sibson fascia, which covers this “superior 
thoracic inlet” and merges with scalene fascia, and then turns to 
pass a second time through the same fascia back into the chest cage 
where it terminates in either the junction of the left internal jugular 
or subclavian (brachiocephalic) veins. Before it terminates, the duct 
receives the left jugular trunk (draining lymph from left head and 
neck) and left subclavian trunk draining the left upper extremity).

The one-way valve that prevents venous blood from entering 
the LLD is under sympathetic control as is the smooth muscle 
in the wall of the LLD. It should be generally noted that large 
lymphatic vessels are affected by both autonomic control, which 

Figure 51-4 Terminal drainage phase: Lymphatic ducts, drainage regions, and Bernoulli principle.
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peristalsis and the sympathetically controlled valves between the 
thoracic ducts and the venous system. Here too, trigger points in 
the scalene muscles are purported to also cause dysfunction by 
refl exly impeding thoracic duct peristalsis (42).

The terminal drainage phase refers to lymphatic drain-
age into regional collection sites for eventual drainage into the 
thoracic ducts and subsequently into the subclavian vein (see 
Fig. 51.4). These junctures are under sympathetic control. The 
diaphragm, Sibson fascia, and the superior thoracic inlet are once 
again key areas for terminal lymphatic drainage from all regions. 
As Millard noted, “The lymph stream must always be drained 
fi rst through terminal areas. Attempts to clear the lymph stream 
before clearing the edema in the clavicular regions over-tax the 
general lymph stream and cause profound reactions.”

Zink, who popularized the respiratory-circulatory model, 
referred to certain palpable sites of “terminal lymphatic drainage” 
dysfunction that could be used clinically to identify the fi rst regional 
signs of compromised lymphatic homeostasis in this phase. These 
terminal sites include (Fig. 51.6):

■ Supraclavicular for the region of the head and neck
■ Posterior axillary fold for each respective upper extremity
■ Subxiphoid for the abdominal region
■ Inguinal for each respective lower extremity

In the respiratory-circulatory model, 35% to 60% of the drainage 
through the thoracic duct is said to be accounted for by various 
pumping activities associated with the act of respiration; external 
respiration determining internal respiration. The two main respira-
tory elements in this regard include the mechanical pump created 
by the diaphragmatic crura on the cysterna chyli and the Venturi 
Effect (Bernoulli Principle), which acts both as a “suction pump” 
and factor to reduce the outfl ow pressure against which lymph 
must drain (see Fig. 51.4D).

Quoting the Venturi effect, Zink linked venous with lym-
phatic return in the respiratory-circulatory model. He described 
a “Warmth Provocative Test” used to identify areas of spinal 
somatic dysfunction that he postulated were signifi cant enough to 
impede effective segmental venous return (Fig. 51.7). Segmental or 
systemic, the model predicts that the greater the venous return, the 
greater the lymphatic return.

Lymphatics are adapted to utilize motion for the formation 
phase of lymph. Anchoring fi laments attached to each of the 
endothelial cells (see Fig. 51.3A) produce a change in volume with 
alternating movements in the local interstitial tissue. With this 
structure, overlapping endothelial cells allow the ebb and fl ow of 
fl uid fl uctuation from the interstitium into the lymphatic system. 
Motion opens access to lymphatics; swelling increases the opening, 
and up to a certain point the anchoring fi laments prevent collapse 
of the thin-walled capillaries. Unfortunately, too much swelling 
closes the initial lymphatic entry sites. So, a major limiting factor 
for overall lymphatic homeostasis is the movement of lymphatic 
fl uid into the blind endothelial sacs and the initial lymphatic 
tubules during the formation phase.

The vascular phase consists of the movement of lymph 
through the lymphatic vessels (see Fig. 51.4). In this phase, the 
lymphangion is the functional unit with its smooth muscle, valves, 
and intrinsic peristalsis being under autonomic control.

The lymphangion can generate enough pressure to account for 
intravascular lymph movement (see Fig. 51.3B). Additionally, lym-
phatic propulsion from the vessels themselves is homeostatically 
accomplished with the help of muscle pumps, respiratory motion, 
and intrinsic movement of the viscera (such as the intestines). One-
way valves encourage propulsion toward the heart. The walls of the 
lymphangion segments between the valves contain smooth muscle 
fi bers; distention of the walls in these segments produces stimula-
tion of stretch receptors resulting in rhythmic peristaltic waves that 
effectively move lymph toward the heart.

Unfortunately, the vascular phase can become dysfunctional 
with increased tissue tension and somatic dysfunction. Here, the 
thinnest-walled vessels, the lymphatics, are the fi rst vascular struc-
tures affected by fascial dysfunction or torsion.

The lymphatic system is particularly vulnerable to fascial dys-
function in the region of the superior thoracic inlet. The vulner-
ability of the vascular phase of lymphatic function is most likely at 
this site because the thoracic duct must pass through this fascial dia-
phragm (Sibson fascia) twice before discharging lymph back in to 
the central cardiovascular system. Recalling the contiguous nature of 
the scalene and Sibson fascia in this region, congestion is especially 
prominent when coexisting with scalene muscular hypertonicity.

In the vascular phase, the large lymph vessels may also become 
dysfunctional with sympathicotonia, which impairs both their 

Figure 51-5 Formation phase involved in cellular respiration and 
lymph formation.

Figure 51-6 Palpation sites for terminal lymphatic drainage dys-
function from body regions.
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includes maintenance of fl uid balance in the body, purifi cation and 
cleansing of tissues, and enhancement of immune response. As 
the lymphatic system is also involved in tissue nutrition and the 
absorption of macronutrients from the gastrointestinal tract and 
interstitial fl uids, treatments enhancing lymphatic function can 
theoretically improve tissue nutrition.

Indications and Contraindications

With the foregoing aspects in mind, general indications for use 
of lymphatic treatment techniques within the framework of the 
respiratory-circulatory model include:

■ Acute somatic dysfunction
■ Sprains, strains
■ Edema, tissue congestion, or lymphatic/venous stasis
■ Pregnancy (Fig. 51.8)
■ Infection
■ Infl ammation
■ Pathologies with signifi cant venous and/or lymphatic congestion.

The respiratory-circulatory approach is one of three arms used 
in the treatment of systemic dysfunction wherein coordinated, 
directed osteopathic manipulative treatment provides homeostatic 
enhancement (44). (The other two are strategies and techniques 
to modify sympathetic and parasympathetic activity—see ANS-
Related Chapters 10 and 11). Examples of systemic implication 
can be found in Table 51.2 (45).

There are few absolute systemic contraindications to the 
approach other than conditions such as anuria (if the patient is not 
on dialysis) or in an area of necrotizing fasciitis. That said, clinical 
judgment must be used in employing lymphatic techniques with 
particular attention directed toward the patient’s diagnosis, clinical 
condition, and medical therapy. It is obvious that local issues (such 
as a fracture at the sites where a given technique might transmit 
force) must be considered when deciding on any treatment approach. 
These and other pragmatic factors infl uence choice of the appropri-
ate technique, site, dose, duration, and frequency of treatment.

IMPLEMENTING THE RESPIRATORY-
CIRCULATORY MODEL

The respiratory-circulatory model concerns itself with the main-
tenance and enhancement of extra- and intracellular environments 
through the unimpeded delivery of oxygen and nutrients and the 
removal of cellular waste products. In this model, the clinical goal 
is to identify and remove key tissue stresses interfering with the 
fl ow or circulation of body fl uids in order to positively affect tis-
sue health (43). Therapeutic application of OMT, as determined 
by this model, addresses somatic dysfunction affecting respira-
tory mechanics, circulation, and the fl ow of body fl uids. Many of 
the techniques used in this model are designed to enhance the 
homeostatic mechanisms associated with the lymphatic system, 
and these are therefore sometimes broadly referred to as “lymphatic 
techniques” even though they may have other roles and other 
mechanisms.

Lymphatic techniques are those which are designed to remove 
impediments to lymphatic circulation and promote and augment 
the fl ow of lymph. The purpose of so-called lymphatic treatments is 
to improve the functional capacity of the lymphatic system, which 

Figure 51-7 Zink “Warmth Provocative” test for a signifi cant 
somatic dysfunction using the respiratory-circulatory model.

Figure 51-8 Congestive phase of pregnancy.

Chila_Chap51.indd   793Chila_Chap51.indd   793 8/6/2010   7:34:46 PM8/6/2010   7:34:46 PM



794 III • APPROACH TO THE SOMATIC COMPONENT

T A B L E  5 1 . 2

Lymphatic Homeostatic Concerns in Systemic Disease and Dysfunction (Synopsis of Osteopathic 
Considerations in Systemic Dysfunction)

Systemic Region or Patient Population Examples of Pathologies or Homeostatic Concerns

Eyes-ears-nose-throat (right side of 
head and neck drain to right thoracic 
duct; left side to the left thoracic duct)

 • Glaucoma linkage to fluid drainage of eye
 • Endolymphatic hydrops (“glaucoma of the ear”)
 • Meniere’s: Fibrosis of edematous fluids in the endolymphatic duct
 •  Foreign body (or wax) against the eardrum (vagal stimulation) may 

cause rapid shallow breathing (thereby compromising effectiveness of 
the respiratory-circulatory model)

 •  Lymph node pattern helpful in noting site of inflammation/infection
Upper respiratory tract  •  Tissue congestion increases “misery index” in URTI and decreases 

medication tissue distribution
 •  Lymph node pattern helpful in noting site of inflammation/infection; 

also type of infection (viral vs bacterial infection: posterior cervical 
chain > anterior cervical chain)

Lower respiratory tract (Pleural sac 
and lung tissues drain to pretracheal 
nodes and then to the RLD)

 •  Minor diaphragm flattening decreases efficacy of respiratory-
circulatory pump affecting all body systems

 •  Flattened diaphragm in COPD changes contraction of the diaphragm 
from inhalation into exhalation

 •  Increased fluids or infection in alveoli stimulate vagal afferents that 
reflexly decrease the depth of respiration

 •  Coughing often leads to exhalation rib dysfunction → chest cage 
respiratory efficacy

 •  COPD often leads to barrel chest, rigid chest cage mechanics with 
flattened diaphragm and hypertonicity in secondary muscles of 
respiration (especially sternocleidomastoid)

Cardiovascular conditions (heart and 
mediastinum drain to the right thoracic 
duct)

CHF → pulmonary edema with secondary rapid, shallow breathing (due 
to stimulation of vagal afferents in alveoli) as well as hepatomegaly 
(nonfriable type); electrolyte imbalance from peripherally sequestered 
fluid plays role in CHF morbidity; increases lymphatic functional 
demand up to 40× resting capacity

 •  Thoracic duct dilation (up to 16× normal) may occur with additional 
backflow of lymphatic fluid; dilated thoracic duct may leak leading to 
ascites

 •  Vagal stimulation from posterior-inferior wall myocardial infarctions 
may decrease depth of respirations

 •  Impaired lymphatic drainage from myocardium causes EKG 
abnormalities similar to sick sinus syndrome as well as arrhythmias, 
diminished SA node automaticity, AV irritability and slowed AV 
conduction; increased mortality and morbidity from myocardial 
infarctions; increased colonization of bacteria in heart and valves

 •  Prolonged lymphatic impairment to heart → endomyocardial fibrosis 
and endomyocardial fibroelastosis

 •  Lymphatic drainage of vascular wall plays postulated role in 
atherosclerosis

 •  Recognize for use of pectoral muscles that 60% of coronary artery/
cardiac disease patients have pectoralis major trigger points

 •  Superior mediastinum and the superior thoracic inlet anatomic 
boundaries are the same

Hypertension increases peripheral lymph production
Gastrointestinal tract  •  Irritation of the diaphragm by inflammation or perforation of 

0upper GI structures may cause diaphragmatic hypertonicity (and 
C3-5 referral) that decreases efficacy of the respiratory-circulatory 
model

 •  Irritation of the stomach’s vagal receptors may cause decreased 
depth of respiration (rapid shallow breathing results)

(continued )
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T A B L E  5 1 . 2 

 •  Gall bladder and pancreas share same lymphatic drainage pathways; 
compromise of drainage increases risk of pancreatitis resulting from 
gall bladder disorder

 •  Poor lymphatic function decreases absorption and distribution 
of nutrients from the gut (especially those that are fat 
soluble)

 •  Increased tissue congestion in and around the bowel leads to 
bloating, more symptomatic pain in irritable bowel syndrome, 
increased fibrosis in colitis and Crohn disorders; fatigue, constipation 
and/or diarrhea, pain, and cramps

 •  Decreased medication distribution, accumulation of active drugs and 
drug by-products in congested tissues, and reduced supply available 
to other needy tissues; accumulation of toxic by-products normally 
managed by the liver

 •  Some upper gastrointestinal surgical procedures irritate the 
diaphragm (retractors or free air introduced in endoscopic 
procedures) → decreased diaphragmatic respiratory efficacy

Genitourinary tract  •  Renal lymphatics drain capsule and parenchyma of kidney acting as a 
“safety valve” aiding in clearance of waste products as well as fluid, 
electrolytes, infectious, and drug byproducts

 •  Lymphatic drainage maintains needed oncotic gradient for 
countercurrent salt/water exchange in kidneys; impaired lymphatics 
increase oncotic pressure and decreases ability of kidney to 
concentrate urine

 •  In acute ureteral obstruction, renal hilar lymph flow 
increases 300%

 •  Capsular lymphatics dilate to prevent renal damage in 
hydronephrosis

 •  Pelvic congestion (in conjunction with hormonal basis) → 
dysmenorrheal, premenstrual syndrome, ovarian cysts, 
backache-headache-bloating of PMS, emotional instability 
and depression

 •  Prostatic congestion decreases distribution of prostatic 
medications (if used) and may play a role in chronic nonbacterial 
prostatitis

OB patients  •  Congestive phase is 28–36 weeks of gestation—partly mechanical, 
partly hormonal, partly biological

 •  Breast engorgement (day 3 primipara or day 2 multipara) responds 
well to treatment of lymphaticovenous drainage of breasts

Pediatric patients   Heightened immune responsiveness suggests need to inform 
caregivers that lymphatic techniques intended to increase immune 
function may generate significant pyrogens and increase fever 
transiently (hours)

Geriatric patients  •  Diminished immune function may not be as responsive to lymphatic 
techniques to improve immune response

 •  Increased venous and lymphatic stasis of dependency and 
more common in the aged patient may cause misinterpretation 
of congestive findings as secondary to an acute or other local 
pathological process

Rheumatological patients  •  Lymphatics remove waste products and immune complexes out 
of the region of inflamed joints; congested joints are more painful 
and have less synovial distribution of anti-inflammatory or 
disease-modifying medications

 •  Swelling with poor lymphatic drainage leads to fibrosis around 
joints and further decreases range of motion

 •  Tendons are very rich in lymphatics; tenosynovitis responds well to 
lymphatic techniques

Source: Kuchera M, Kuchera W. Osteopathic Considerations in Systemic Function. Columbus, OH: Greyden Press, 1994.

(Continued )
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patients where death was imminent, a surgical shunt was created 
between the thoracic duct and venous system; the clinical outcome 
was stabilization (fl uid-electrolyte improvement) within 24 hours 
(46). This has been offered to suggest that homeostatic lymphatic 
fl uid return will not overload the system even in severe CHF (47).

Principles of Diagnosis

Use of the respiratory-circulatory model or of lymphatic tech-
niques in a coordinated systematic manner is based upon deter-
mining how much the patient would benefi t relative to their risk 
of their application:

1.  Indications/risk-to-benefi t ratio: Obtain a history and physical 
examination relating to swelling, organ dysfunction and disease, 
shortness of breath, areas of swelling or puffi ness, tissue trauma, 
and infection. Knowing whether a given pathological condition 
has a signifi cant lymphatic component is helpful in deciding 
the degree of emphasis on the respiratory-circulatory model and 
the use of lymphatic techniques. Palpable tension, tenderness or 
ticklishness, or full, boggy tissue texture changes in the regional 
terminal lymphatic drainage sites are particularly useful in 
determining if regional tissue congestion exists (see Fig. 51.6). 
The initial history and examination should also cover possible 
absolute and relative contraindications for the use of lymphatic 
techniques

2. Central myofascial pathways: Palpate anatomical transition zones 
and consider the fascial compensated or noncompensated pat-
terns described by Zink (Fig. 51.9) to describe common fascial 
restrictions such as torsion or rotational patterns, which may 
cause restriction of lymphatic fl ow. Restriction in any direction 
or pattern indicates dysfunction; however, a pattern of fascial 
motion restrictions that does not alternate in direction for adja-
cent regions is considered to be “uncompensated” or “traumatic” 
and is often a cause of congestive symptoms and an indication 
for treatment under this model. Even compensated patterns of 
fascial somatic dysfunction may cause symptoms; however, this 
is especially true in patients who are restricted to bed rest where 
the peripheral muscular pumps normally activated by walking 
fail to simultaneously alter the relationships between adjacent 
regions to permit free fl uid fl ow. Other key myofascial somatic 
dysfunctions that can be associated with general reduction in 
lymphatic fl ow include trigger points in the scalene muscles

3. Fluid pumps: Observe and palpate muscular and fascial dia-
phragmatic function including thoracic inlet restrictions, for 
conditions that may limit lymphatic fl ow. In the supine posi-
tion, the motion of respiration should be seen to extend all the 
way to the pubic symphysis in a patient who is breathing pas-
sively and in a nonselfconscious manner; failure to do so could 

Relative contraindications to certain techniques exist; however, 
they are specifi c to the respiratory-circulatory model and cer-
tain lymphatic treatment techniques. These include the following 
examples:

■ Cancer: There is some concern about enhancing lymphatic fl ow 
based upon potential lymphatic spread of cancerous cells rather 
than activating the immune system. Advocates point out the 
value of exercise in a number of cancerous conditions that is 
known to increase lymphatic fl ow. Because, to date, no risks of 
lymphatic treatment on patients with cancer have been demon-
strated, judicious use in select cancer patients is supported by 
most authorities

■ Certain infections: Splenic pump and hepatic pump techniques 
are probably contraindicated in Infectious mononucleosis 
patients or any patient who may have a fragile hepatospleno-
megaly. The approach (especially applied directly over infected 
tissues or nodes) must be used with caution if at all in patients 
with overwhelming bacterial infections and an associated risk of 
dissemination or chronic infections that have a risk of reactiva-
tion (abscess, chronic osteomyelitis)

■ Certain circulatory disorders (venous obstructions, embolism, 
hemorrhage) or coagulopathies (including patients on anticoagu-
lants): For example, a technique like the Dalrymple pedal pump 
should be avoided if a patient has positive Homan or Moses 
signs or any other indication of deep vein thrombosis in one of 
his or her lower extremities

Safety and Effi cacy

The risk-to-benefi t ratio for lymphatic techniques is quite good. 
No known signifi cant complications have resulted from osteo-
pathic lymphatic treatment to date and multiple published stud-
ies have documented the effi cacy of various lymphatic treatments. 
Nonetheless, clinical judgment should always be used when pre-
scribing treatment for a patient in any disease state.

For example, in recognition of the highly effective immune 
function in the majority of the pediatric population, be sure to warn 
caregivers that a lymphatic treatment approach may transiently 
increase their child’s fever; this being a normal response to the pyro-
gens produced in fi ghting infection. Treatment of the fever may or 
may not be necessary depending upon its level and duration.

Finally, a special comment will be made here regarding the 
safety of returning fl uids back into an already fl uid-overloaded 
condition such as that found in a patient with congestive heart 
failure (CHF). In such a state, the thoracic duct may be dilated 
sixteen times its normal size; subsequent leakage can cause 
ascites and congestive backfl ow can compromise other organs 
(e.g., pulmonary edema or hepatomegaly). In a study of severe CHF 

Figure 51-9 Regional diagnosis and 
transition zone relationship to the four major 
transverse diaphragms.
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edema and improving cellular level nutrition. While tenseg-
rity principles suggest that this can be indirectly accomplished 
with almost any technique that removes somatic dysfunction 
throughout the body, the most effective choice should be spe-
cifi c local manual techniques that include oscillatory movement, 
various manual techniques focused upon the soft (myofascial) 
tissues, or any addition of a host of energy-transmitting physical 
therapy modalities (such as pulsed ultrasound or Fulford percus-
sion hammer) that could increase local tissue motion

■ Application of other types of ancillary modalities such as rest, 
ice, compression, and elevation during acute edematous states 
should be properly timed to limit local swelling (to prevent it 
from overwhelming the local homeostatic mechanisms allow-
ing entry into the blind-end lymphatic capillaries) and otherwise 
remove impediments to the lymph formation phase

■ Several OMT treatments affect lymphatic channels as they 
travel between fascial layers or body regions. Any treatment 
that reduces myofascial restriction can theoretically improve 
lymphatic fl ow by optimizing the vascular phase and thereby 
increasing the effi cacy of intrinsic lymphatic pumps. Myofascial 
release (MFR), balanced ligamentous tension, and ligamentous 
articular strain techniques would seem to be especially suited to 
removing such local and regional fascial obstructions

■ Also numerous OMT treatment forms employ direct external 
forces that serve to act as extrinsic pumps that mobilize lymphatic 
fl uid in the vascular phase. Some of these treatments improve the 
lymph fl ow by applying external pressure (soft tissue effl eurage, 
massage, petrissage, etc.), whereas others remove somatic dys-
function that generally restricts fl uid or employs directed muscle 
energy OMT to speed propulsion using muscle pumps. This 
latter mechanism is especially effective in the periphery when 
combined with Ruddy Rapid Resistive Duction OMT where 
contraction-relaxation rates may be two to three times the nor-
mal heart pulsation. (See as an example Ruddy technique using 
the sternocleidomastoid muscle.) Signifi cant increases in lym-
phatic fl ow rates in the thoracic duct have been measured as 
well using both the muscle pumps involved in exercise and the 
passive pressure changes of various lymphatic pump OMT tech-
niques (Fig. 51.10A)

■ Osteopathic treatment that seeks to enhance the effi cacy of 
respiratory mechanisms (primary and secondary) in order to 
maximize venous and lymphatic return during either the vascu-
lar or the terminal phase typically focuses upon improving dia-
phragm or chest cage functions. (See as an example: thoracic 
diaphragm release technique, Fig. 51.10B.) Such respiratory 
approaches to circulation function largely through amplifying 
rhythmic pressure changes between compartments as well as the 
previously mentioned Bernoulli principle

■ Lymphatic pump manipulative techniques are also used over the 
spleen, liver, chest cage, or from the feet. The direct motion 
against the tissues could affect the formation phase; the systemic 
and rhythmic pumping could affect the vascular phase; and the 
additional pressure changes in intra-abdominal and intratho-
racic cavities could affect the terminal phase. (See as examples: 
splenic pump and Dalrymple pedal pump, respectively.)

Other mechanisms of action for OMT have been postulated 
and are worthy of exploration. For example, the role of eNOS is 
of particular interest because of the mechanics of the lymphatic 
pumps. The intermittent movement associated with the previously 
mentioned Dalrymple pedal lymphatic pump has the potential to 
increase shear stress on the vascular endothelium (Fig. 51.10C). 
Such shear stresses applied at twice the typical heart rate were 

be interpreted as a need to address improvement of thoracic 
diaphragm function. Likewise, the pelvic diaphragm should be 
palpated. It should normally move passively and synchronously 
with the thoracic diaphragm and exhibit equal tension to the 
medial wall of both ischiorectal fossae. A poorly functioning 
thoracic diaphragm that does not respond to redoming OMT 
or treatment of the inferior thoracic outlet may warrant diagno-
sis and treatment of any C3-5 (phrenic) somatic dysfunction. 
Attempts to “redome” the pelvic fl oor with OMT should follow 
treatment of any bony-articular pelvic somatic dysfunctions

4. Spinal Involvement: After treatment of the central pathways 
and diaphragms, compression of the abdominal region by the 
physician’s hand should create a uniform sensation of warmth 
down to the sacrum—Zink “Warmth Provocative test” (48) (see 
Fig. 51.7). A spinal area perceived to be warmer than others 
may be interpreted as a site of somatic dysfunction requiring 
treatment to maximize fl uid return. Other key somatic dysfunc-
tions interfering with the respiratory-circulatory model would 
include those thoracic, rib, and sternal dysfunctions that restrict 
motion of the chest cage (secondary respiration) and cranial 
base, C2 somatic dysfunction, and sacral somatic dysfunc-
tions that restrict the depth of respiration (primary respiratory 
mechanism)

5. Peripheral/Regional pathways: Evaluate sites of terminal lym-
phatic drainage associated with early regional lymphatic con-
gestion (see Fig. 51.6). Congestion in the terminal lymphatic 
drainage sites may constitute an indication for comprehensive 
treatment using the respiratory-circulatory model. Palpate other 
regional and local tissues to evaluate the presence of congestion 
and excess fl uid in the interstitial tissues. This helps identify the 
region that might benefi t from local fl uid techniques as a last 
step in this model’s protocol

Principles of Treatment

Treatment protocols using this model are typically designed to 
(1) remove impediments to lymphatic fl ow, (2) enhance mecha-
nisms involved in respiratory-circulatory homeostasis, (3) extrin-
sically augment the fl ow of lymph and other immune system 
elements, and (4) further mobilize lymphatic fl uids from local or 
regional tissues that would benefi t from decongestion. These are 
summarized in Table 51.2.

Theoretically, all manipulative treatments can infl uence the 
lymphatic system through change in muscle tone, myofascial path-
ways, neural refl exes, autonomic tone, and effects of respiration. 
Certain osteopathic techniques however have been long identifi ed 
as “lymphatic techniques” because of their effi ciency and effi cacy. 
Some of these techniques are postulated to remove somatic dys-
functions that interfere with various motions needed for lymph 
formation or lymph fl ow, others to remove key somatic dysfunc-
tions that impede fl ow between or through somatic structures, and 
yet others do not remove somatic dysfunction but rather are con-
sidered to augment homeostatic mechanisms important in respira-
tion and circulation.

Proposed Mechanisms of Treatment

To improve treatment outcomes, different strategies might be 
selected to enhance homeostatic mechanisms specifi cally linked to 
the different phases of lymphatic function (see Figs. 51.3 to 51.5). 
For example:

■ Any OMT technique that improves local tissue motion should 
enhance the lymph formation phase, consequently reducing 
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petrissage) (54) to indirect OMT (such as counterstrain) (55,56) 
to mechanical tissue movement (such a vibration) (57) to exercise 
strategies have each been documented to accomplish particular 
physiological responses.

For many decades, it has been known that scarring or thicken-
ing of tissues might occur after trauma if only water is resorbed and 
interstitial proteins remain; poorly rehabilitated ankle sprains with 
thickening of the Achilles tendon is one example of this. Effi cient 
lymphatic drainage facilitates removal of the proteins in edematous 
states and might effectively prevent this problem. Furthermore, 
removal of infl ammatory cytokines and the subsequent resolution 
of the pain and sequelae associated with an infl ammatory process 
depend on effi cient lymphatic drainage. The evidence base for 
movement, early ambulation, use of compressive wraps to limit 
initial swelling, elevation to allow the effect of gravity to improve 
lymphatic drainage and various lymphatic drainage manual meth-
ods from those of Vodder to those of the massage therapists is 
extensive (58,59).

The osteopathic respiratory-circulatory model also depends 
upon the role of OMT to improve the compliance of the chest wall, 
diaphragmatic excursion, and effi cacy of the respiratory process 
generally. Here, the logic is convincing but less extensive evidence 
has been published concerning the application. Nonetheless, exam-
ples of the evidence-base here include demonstration that restric-
tion of chest wall excursion limits forced expiratory vital capacity 

postulated to release an increased amount of NO (through upregu-
lation of eNOS) from the blood vessels (49,50); a mechanism of 
action that has been postulated to account for many of the benefi ts 
of OMT (51). Release of NO through the same mechanism of 
action has similarly been postulated as an underlying mechanism 
for many of the benefi ts attributed to exercise (52). Interestingly, 
NO is not only produced in the walls of blood vessels but produced 
in the luminal wall of lymphatic vessels as well (53). This suggests 
that physiologic levels of NO produced by lymphatic endothelium 
may play a role in regulating lymphatic vascular tone.

As more is learned about the mechanisms of action for vari-
ous OMT techniques, additional strategies may be found for the 
existing techniques as well as being able to fi netune the frequency 
and duration of their application in order to accomplish the desired 
goals.

Evidence-Based Physiological Outcomes of Treatment

A wide range of lymphatic drainage techniques have been shown 
to be effective in reducing pain, edema, and tissue turgor secondary 
to numerous traumatically induced infl ammatory processes. Fur-
thermore, evidence is growing for the use of manual techniques 
and exercise to enhance immune function. Regardless of the pro-
fessional degree of the healthcare practitioner, a growing number 
of techniques ranging from massage (including effl eurage and 

Figure 51-10 A. Mobilization of immune cells as a postulated mechanism for lymphatic pump OMT. B. Pressure 
changes, Bernoulli principle, and relationship between internal and external respiration as a postulated mechanisms 
for diaphragmatic lymphatic pump techniques. C. Upregulation of endothelial NO as a postulated mechanism for 
some of the action of OMT.
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are investigating the impact of pedal lymphatic pump OMT on 
NO levels and other parameters in subjects with conditions rang-
ing from fi bromyalgia syndrome to Parkinson disease. Preliminary 
studies performed collaboratively by these PCOM and UNTHSC-
TCOM researchers using real-time NO probes in dogs have shown 
this biomarker to rise and fall in venous blood and thoracic duct 
lymph with each respiration and to be increased with application 
of a lymphatic pump maneuver.

At this point in time, there are also calls for osteopathic research 
based upon around the respiratory-circulatory model ranging from 
studies to reduce postmastectomy lymphedema (72,73) to those to 
reduce mortality risk in any future infl uenza pandemic (74).

Treatment Technique Order (Integrated into the 
Respiratory-Circulatory Model)

Following a common-sense order for most fl uid systems, the order 
of the techniques used in the respiratory-circulatory model might 
be summarized by the following series of statements:

First open the pathways for fl uid to fl ow; then turn on their thora-
coabdominopelvic pump to its normal operating level. If you have 
congestion, turn the pumps up to “high” to clear any backfl ow in the 
system. When the backfl ow is cleared, then new fl uid from targeted 
areas can be moved into the drainage system.

With this simple mechanical process in mind, the order of 
integrating choices from the varying broad categories of “lym-
phatic treatment” techniques proceeds roughly in the order of the 
following goals:

(Goal 1) open myofascial pathways at transition areas of the 
body

(Goal 2) maximize normal diaphragmatic motions
(Goal 3) increase pressure differentials or transmit motion in 

order to pump or otherwise augment fl uid fl ow beyond nor-
mal levels, and

(Goal 4) mobilize targeted tissue fl uids into the lymphaticov-
enous system

Examples of these techniques appear in Tables 51.3 to 51.6 and are 
subdivided with relationship to each stepwise goal. Following each 
portion of the table, a few descriptive step-by-step techniques are 
offered to supplement the fi gures or provide alternative methods.

(Step/Goal 1) Techniques for Freeing Lymphatic 
Pathways

The lymph stream must always be drained fi rst through terminal 
areas. Attempts to clear the lymph stream before clearing the edema in 
the clavicular regions (thoracic inlet) is to over-tax the general lymph 
stream and cause profound reactions.—F. P. Millard, D.O. (75).

In the respiratory-circulatory model popularized by Zink, D.O., 
the fi rst step of care should be to open the major fascial pathways 
(see Fig. 51.9). The four key sites used in diagnosis and treatment 
of this clinical goal are the:

1. Craniocervical junction
2. Cervicothoracic junction
3. Thoracolumbar junction
4. Lumbopelvic junction

These are transitional areas where anatomic structure changes 
(several related to transverse diaphragms between the regions). 
Therefore, these are the areas where function fi rst changes.

and forced expiratory volume in 1 second (60) while treatment 
of chest wall somatic dysfunction with OMT has been shown to 
increase chest expansion, O2 saturation, increase total lung capacity, 
and improve vital capacity as much as incentive spirometry or more 
(61–63). In patients with chronic obstructive pulmonary disease 
(COPD), manual treatment of the chest wall to increase respira-
tory effi cacy has been shown “chest wall gymnastics” (64,65), and 
by osteopathic physicians using OMT (61).

With respect to immune function and the lymphatic model, a 
signifi cant amount of documentation has been made in the last few 
decades and, based upon the emphasis of currently funded research 
in the osteopathic profession, tremendous advances are immedi-
ately ahead. It has been noted that the production of lymphocytes 
is increased greatly as lymph passes through the nodes. Research 
indicates that T-lymphocytes remain approximately 30 minutes in 
the blood circulation, about 5 to 6 hours in the spleen, and 20 hours 
in the lymphatic vascular system (66).

In the early 1980s, Measel (67) conducted experiments testing 
immune response in healthy individuals using the classic thoracic 
(Miller) pump technique. He found a greater immune response to 
several subserotypes of pneumococcal polysaccharide in the treat-
ment group relative the control group. Since that study, several 
other groups have looked at immune function in response to differ-
ent lymphatic pumps in isolation.

For example, in 39 healthy subjects provided with hepatitis B 
vaccine, one study (68) found a faster rise in antibody titers in those 
who also had lymphatic and splenic pump techniques three times 
weekly for 2 weeks compared to the control group. By 13 weeks, 
50% of treated subjects versus only 16% of controls achieved pro-
tective antibody titers and at all points in time after 6 weeks, the 
antihepatitis titers in the treatment group were higher than in the 
control. However, by the end of the study period, both groups had 
similar numbers of individuals with protective antibody titers. 
In a different study using splenic pump alone in nursing home resi-
dents, the researchers failed to show improved infl uenza vaccine 
antibody titers after the use of splenic pump, but did document a 
reduction in antibiotic use during the infl uenza season (69).

Recent research studies conducted at the Osteopathic Research 
Center (ORC) located at the University of North Texas Health 
Sciences Center—Texas College of Osteopathic Medicine 
(UNTHSC-TCOM) clearly support the claim that lymphatic 
pump OMT techniques (thoracic or abdominal) are capable of 
enhancing both lymphatic fl ow and leukocyte fl ux. Innovative pro-
tocols employing dogs with surgically cannulated thoracic ducts 
were designed to answer the question of “How much lymph could 
a lymph pump pump if a lymph pump could pump lymph?” (70) 
The model (see Fig. 51.10A) permitted the researchers to directly 
measure approximately a three-fold increase in thoracic duct lymph 
fl ow as well as a fi ve to seven-fold increase in the number of active 
immune cells per milliliter of lymph in response to the lymphatic 
pumps; similar to the increases seen in exercise. Researchers at the 
ORC are now studying the impact of lymphatic pump in reducing 
morbidity and mortality in rats infected with highly pathogenic 
pneumonia-causing bacteria as well as others with carcinomas in 
the lungs.

Using a human model at the Philadelphia College of Osteo-
pathic Medicine (PCOM), researchers at the Human Performance 
and Biomechanics Laboratory of the Center for Chronic Disorders 
of Aging demonstrated that using the Dalyrimple pump created 
signifi cant increases in NO at levels consistent with those expected 
from eNOS release (71) (see Fig. 51.10B). Furthermore, NO lev-
els from this passive intervention were consistent with those levels 
produced by moderately intense exercise. Researchers at this site 
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He described this pattern, seen in 80% of normal individuals, as 
the “CCP.” The uncommon pattern (seen in 20%) has the opposite 
alternating fascial pattern.

Traumatically induced and/or highly dysfunctional fascial pat-
terns were felt to signifi cantly compromise the ability of the body 
to move venous or lymphatic fl uids. Uncompensated patterns are 

T A B L E  5 1 . 3

Integration into a Sequenced Respiratory-Circulatory Model Approach: Lymphatic Techniques 
to Open Pathways and Remove Restriction to Flow

Manipulative Approaches Comments

Regional OMT of Zink’s transitional areas
• Craniocervical junction release
•  Cervicothoracic junction (superior thoracic inlet: T1-4, 

R1-2, manubrium)
• Thoracolumbar junction (inferior thoracic outlet)
• Lumbopelvic junction

Direct or indirect method OMT as appropriate to either 
the regions involved or to the separate structures 
contributing to the structure-function of the region
(see Fig. 51.11 for Regional handholds adaptable to 
MFR, BLT, or muscle energy OMT techniques)

Sibson fascial release (helps to add OMT to scalenes 
and ribs 1 and 2)

Indirect or direct

Soft tissue techniques
• Kneading—stretching
• Direct MFR
• Indirect MFR
• Tapotement
• Petrissage
• Fascial unwinding
• Fulford percussion hammer release
• Directed self-stretching techniques/exercises

Specific technique less important than the goals of 
limiting entrapment and providing freedom for free 
lymphaticovenous flow; petrissage excellent at scar sites; 
fascial unwinding or Fulford percussion OMT excellent 
post trauma as in an MVA
Note: In the extremities, these techniques may follow 
“out-of-order” … often just prior to the last step

Anterior and posterior axillary fold techniques Important in upper extremity lymphatic drainage; anterior 
fold—pectoral traction combination also increases lymph 
flow (see later)

Extremity popliteal fossa release (spread)
Direct MFR (extension ME may be added)

Improves pathway from foot, ankle, and lower leg

Other considerations include:
•  Treatment of the first rib and clavicle and scalenes

Including the targeted regionalized soft tissue pathways 
described in the fourth section earlier rather than later

Depending upon the amount of congestion and other 
clinical factors, treatment sequence may vary here

Manipulative Approaches

Other preparatory OMT may include:
•  For thoracoabdominal diaphragm: OMT to 

C3-5 or phrenic; OMT lower rib attachments 
(esp R12) and quadratus lumborum; psoas or 
even hip also may affect

•  For pelvic diaphragm: OMT to innominate, sacral, pubic 
somatic dysfunctions may be needed first

•  Reducing exaggerated sagittal plane posture also affects 
both diaphragms—through quadratus lumborum and 
psoas as well as the posterior 
L1-2-(3) attachments for the thoracoabdominal 
diaphragm, but also for the pelvic diaphragm 
tension placed on the pelvic floor by gravity and the 
counter-rotation within the pelvis (see Chapter 36)

Thoracic diaphragm “redoming”/indirect release 
Thoracic diaphragm “redoming”/direct release
Ischiorectal fossa technique for the pelvic diaphragm

If perfection is not possible (no somatic dysfunction), Zink 
noted that the natural homeostatic inclination of the patient was 
to develop an alternating pattern at the four transitional areas. The 
most common pattern involved the pelvis rotating to the right, 
thoracolumbar junction to the left, upper thoracic inlet area rotat-
ing to the right, and the occipitoatlantal region rotating to the left. 
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T A B L E  5 1 . 4

Integration Into a Sequenced Respiratory-Circulatory Model Approach: Lymphatic Techniques 
to Maximize Diaphragmatic Functions

Manipulative Approaches Comments

Thoracic diaphragm “redoming”: direct or indirect 
release 

For the thoracoabdominal diaphragm to respond, 
consider also: OMT to C3-5 or phrenic; OMT lower rib 
attachments (esp R12) and quadratus lumborum; psoas 
or even hip also may affect function

Ischiorectal fossa technique for the pelvic diaphragm For pelvic diaphragm: OMT to innominate, sacral, pubic 
somatic dysfunctions may be needed first

Other preparatory OMT may include: Reducing exaggerated sagittal plane posture 
also affects both diaphragms—through quadratus 
lumborum and psoas as well as the posterior L1-2-(3) 
attachments for the thoracoabdominal diaphragm, but 
also for the pelvic diaphragm tension placed on the 
pelvic floor by gravity and the counter-rotation within 
the pelvis (see Chapter 36: Postural Model)

T A B L E  5 1 . 5

Integration into a Sequenced Respiratory-Circulatory Model Approach: Lymphatic Techniques 
to Accentuate Lymphatic Return and Augment Lymphatic Pumps

Manipulative Approaches Comments

Thoracic pump—with and without modifications
•  Classic thoracic (Miller) pump: Takes advantage of 

rhythmic added passive recoil from chest wall for 
greater pressure differentials with each pumping 
motion

•  Atelectasis modification: Takes advantage of periodic 
sudden “explosive” recoil to refill collapsed alveoli

•  Pulmonary toilet variation: Takes advantage of 
continuous superimposed vibratory motion to 
mobilize secretions

Usual large amplitude component uses inherent 
respiratory rate for about 2 min; superimposed 
vibratory rate typically about 120/min.
•  Atelectasis variation contraindicated in 

emphysema patients (with hyperinflated blebs)
•  Avoid aspiration of secretions as well as gum or 

other intraoral objects

Splenic pumps
•  Immune function: Adult and pediatric versions
• Also good for left lower lobe pneumonia
• Abdominal pump version below costal margin

(See text for relative contraindications such as 
splenomegaly; Usual rate = 120/min for 2 min)

Liver pump: In reducing toxicity (a variation called the 
“liver flip” involves a quick release after taking up the 
passive range of the chest wall and may be useful in 
right lower lobe pneumonia with adhesion)

(See text for relative contraindications such as 
hepatomegaly)

Pedal (Dalrymple) pump Usually 120/min for 2 min; (see relative 
contraindications in conditions such as deep vein 
thrombosis )

Ruddy rapid resistive duction (muscle pump) techniques
•  Specific or grouped isometric muscle pump against 

resistance moves fluid through one-way valves
•  Holding angle of the rib while patient intermittently 

activates/relaxes specific muscles attached to the 
rib(s) in question may be used to treat specific ribs 
and to improve rib cage dysfunction generally

Principle the same for all regions; rate typically twice 
the heart rate; muscle effort energy is minimal

Rib raising—seated and supine

(continued )
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T A B L E  5 1 . 6

Integration into a Sequenced Respiratory-Circulatory Model Approach: Lymphatic Techniques 
to Mobilize Local Lymphatic Congestion

Manipulative Approaches Comments

Mobilization (general and focused) from the head and neck 
region
• Soft tissue OMT: Anterior cervical arches and hyoid
• Soft tissues OMT: Lateral and posterior cervical tissues
•  Soft tissue, Ruddy OMT or counterstrain of the 

sternocleidomastoid ms
• Submandibular and jugulodigastric drainage OMT
• Mandibular and Eustachian drainage (Galbreath) OMT
• Auricular drainage OMT

While some of these techniques could arguably 
be included in the first stage of opening pathways, 
they are usually performed either after that first 
step or at the end prior to effleurage depending 
on the degree of congestion

Mobilization (general and focused) from the upper extremity
• Posterior axillary fold technique
•  Shoulder girdle OMT with goals of free clavicular and 

scapulocostal motions
• Ulnoradial interosseous membrane release (LAS or BMT)
•  Removal of scalene and upper extremity MTrPs (etc.) causing 

entrapments
Mobilization (general and focused) from the lower extremity
• Fascial unwinding of the lower extremity
• Tibiofibular interosseous membrane release
•  Removal of lower extremity MTrPs (etc.) causing 

entrapments
Mobilization (focused) from the gastrointestinal tract
Mobilization (focused) exercise from the uterus/pelvis Usually taught to do at home as self-exercise
• Uterine (Marion Clark) drainage exercise
Soft tissue OMT for fluid movement
• Effleurage
• Tapotement
• Lateral fluid fluctuation (transmitted vibration)

After finding a BLT or BMT position, a lateral fluid 
fluctuation in any area may be introduced with 
greatly enhanced tissue reaction (e.g., adding 
oscillatory supination-pronation while performing 
the radioulnar interosseous membrane technique)

T A B L E  5 1 . 5

Pectoral traction
Proximal lymphatic duct siphon technique and/or 
fluctuation at the distal cisterna chyli
CV4 (“Compression of fourth Ventricle”) Links primary respiratory mechanism to secondary 

respiration; CV4 often results in slower, deeper 
respirations and empirically enhances fluid movement 
out of the body

Nasal sinus drainage and pump Sometimes this is performed at the end of a sinus 
treatment

Exercise-Induced muscle pumps
•  Generally moves fluids with total body exercise 

(postulated mechanisms include muscle pump effect 
on one-way valves, enhanced depth of respiration, 
and/or release of eNOS)

•  Specific group muscle exercises my target tissues 
for drainage

•  Certain impact exercises (e.g., mini-trampoline) 
may be better for interregional pressure changes 
and eNOS release than nonimpact types

OMT to prepare the body for certain exercise types 
is recommended; placing exercise in the context of 
the Respiratory-Circulatory model is a very effective 
physician-patient decision for maintaining gains 
started in the office or hospital

(Continued )
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defi ned by the palpatory fi nding of even one nonalternating fascial 
preference between adjacent regions.

Many alternatives for opening fascial pathways exist to the indi-
rect methods offered in Figure 51.11. Direct release method tech-
niques for these transitional regions (and their transverse diaphragms) 
can also be supplied using the same hand placement and simply vary-
ing the level and type of the tissues contacted as well as the direction, 
tension, and type of release. An example for direct release of the very 
important superior thoracic inlet is offered as follows.

Direct Method Treatment of the Superior Thoracic Inlet 
(Cervicothoracic Diaphragm)
Example: Assume that the fascia at the patient’s thoracic inlet has 
been diagnosed as being regionally SL RL.
Position: Patient is supine with arms across the chest (or comfort-
ably along side) and the physician is seated at the head of the table.
Activating Force(s): Direct MFR, direct balanced regional liga-
mentous articular strain (or an adaptation for direct muscle energy) 
OMT:

1. Physician’s hands are placed on the shoulders with fi ngers on 
the anterior chest wall below the clavicle and thumbs posterior 
behind the 1st to 2nd ribs

2. Physician applies caudad pressure to take the patient’s right 
shoulder to its restrictive barrier (Inlet SR)

3. While maintaining the right shoulder caudad pressure, the 
physician’s left hand moves the patient’s shoulder anteriorly 
and to the right to its restrictive barrier as the left hand contact 
simultaneously moves the patient’s right shoulder posterior and 
medially (RR). (The hands move simultaneously like turning a 
car’s steering wheel.)

4. The patient is asked to take a deep breath in and out as the 
physician resists motion except for the direction described 
earlier

Continue until there is a myofascial or ligamentous release—
depending upon the desired depth of the targeted tissues—resulting 
in equal right and left sidebending as well as equal right and left rota-
tion. (If no release is sensed, it is possible to have the patient attempt 
to turn away from the barrier against resistance using standard 

postisometric muscle energy steps.) Opening drainage pathways 
for the extremities may follow the opening of the transitional core 
regions in Step/Goal 1 (listed in Table 51.3 earlier); however, often 
when there is a lot of systemic congestion (as is the case for this 
chapter’s pregnant transcriptionist), then this component is placed 
later in the series. Thus, opening local pathways for the extremi-
ties or a particular visceral structure may take place after core 
diaphragms are working (Step/Goal 2) and even after central con-
gestion has been cleared (Step/Goal 3).

In mild cases, opening these more distal pathways can be done 
in conjunction with opening the core pathways.

(Step/Goal 2) Techniques for “Redoming” or Otherwise 
Maximizing Function of the Diaphragms
When the thoracoabdominal diaphragm contracts, it does so 
around its central tendon. It descends because of the stabilization 
offered largely by the quadratus lumborum muscle that stabilizes 
the 12th rib, a lower attachment of the diaphragm. A “fl attened 
diaphragm” does not displace as much volume and is therefore a 
less effective pump (see Fig. 51.10B). In fact, in some conditions, 
the diaphragm is so fl attened that it becomes a muscle of exhalation 
as it pulls the 11th and 12th calipered ribs medially.

In approaching the thoracoabdominal diaphragm with OMT, 
it is also helpful to recognize the posterior attachments of the crus 
of the diaphragm to L1-2-3 and lower ribs, the myofascial relation-
ships of the diaphragm with the quadratus lumborum and psoas 
muscles, and the fascial continuity of the deep fascia of the abdo-
men and that underlying the diaphragm. Likewise in approaching 
the pelvic diaphragm, bony attachment and myofascial trigger-
points should be considered.

Table 51.4 presents lymphatic techniques for maximizing dia-
phragmatic function.

Two techniques are offered as examples for the thoracolumbar 
diaphragm; these are extensions of the previously mentioned inferior 
thoracic outlet techniques. Direct or indirect techniques that begin by 
using the handhold (themselves very effective for releasing the infe-
rior thoracic outlet or thoracolumbar region) shown in Figure 51.11C 
can be transitioned into a thoracoabdominal diaphragm technique by 
simply concentrating on function and release of the diaphragmatic 
elements noted in steps 4 and 6 of the direct MFR technique.

Direct MFR to Open the Inferior Thoracic Outlet and 
Redome the Thoracoabdominal Diaphragm 
(see Fig. 51.11C)
Example: Assume that the region prefers sidebending and rota-
tion left and that the diaphragm does not move as well on the left. 
Patient is supine with the patient standing on either side.

1. Position the lower ribs and thoracic cage to the “feather-edge” 
of the direct rotation barrier by moving both hands together to 
rotate to the patient’s right

2. Add left translation with both hands simultaneously to create a 
right sidebending

3. Fine tune until the direct myofascial and ligamentous articular 
strain creep phenomenon begins (direct MFR/LAS)

4. At this point as the creep continues, shift attention to the dia-
phragm as the patient breathes. Add additional compression to 
the hemidiaphragm that moves most (in this example, the right 
moves best)

5. As the patient exhales, continue to follow the MFR/LAS release 
process (SB and rotate right more fully)

6. As the patient inhales, resist the most functional hemidi-
aphragm

Figure 51-11 Hand placement for MFR or BLT to correct regional 
somatic dysfunctions compromising fl uid drainage at the transition 
zones/major transverse diaphragms.
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2. A gentle, rhythmic vibration is instituted and directed toward 
the cisternal chyle. (This would be toward a midpoint of a line 
extending from the xiphoid process to the umbilicus.)

Toward the Proximal End
1. The physician’s palm contacts the patient’s left thorax over the 

second or third intercostal space at the midclavicular line and 
that hand is reinforced with the other hand.

2. A gentle, rhythmic vibration is instituted and directed posteri-
orly, laterally, and superiorly toward the junction of the thoracic 
duct to the left brachiocephalic vein.)

End point: A palpable sense of decongestion of tissues.

(Step/Goal 4): Mobilizing Targeted Lymphaticovenous 
Congestion
In the fi nal goal, after the pathways are open and the body’s homeo-
static mechanisms are moving fl uids, the osteopathic physician may 
select OMT techniques that decongest specifi cally targeted tissues. 
This step may incorporate manual lymphatic drainage techniques 
from other systems (such as the direct, light superfi cial effl eurage 
strokes to move fl uids through one-way valves toward the heart), 
the use of muscle pumping techniques (such as were packaged 
by Ruddy), gentle lateral fl uctuation of fl uids (as suggested by 
Sutherland), local MFR applied to the local somatic tissues, vari-
ous visceral and mesenteric lifts applied to the viscera (76,77), or 
activation of refl ex mechanisms to promote fl uid movement.

Table 51.6 presents lymphatic techniques for mobilizing local 
lymphatic congestion.

The posterior axillary fold technique offers what Dr. Zink 
refers to as the “gateway to the upper extremity” (78). The mecha-
nism of action for this technique has been postulated (79) to be 
refl ex, autonomic, lymphatic, or a combination of parts of each. 
Palpation of the posterior and anterior axillary folds for evidence 
of myofascial dysfunction is clinically important in assessing the 
degree of lymphatic dysfunction affecting the upper extremities 
and/or breasts. The posterior axillary fold is the location of palpa-
ble myofascial points in the subscapularis, teres major, and latissi-
mus dorsi muscles. It is also the site of terminal lymphatic drainage 
dysfunction for the upper extremities. Zink discusses diagnosis 
and treatment of this region to relieve lymphatic congestion in the 
upper extremity. Those fi ndings closely parallel the palpatory and 
clinical fi ndings described independently by Travell and Simons 
(80), using myofascial points located in the posterior axillary fold. 
Points higher in the posterior axillary fold correlate predominantly 
with shoulder referral, although lower points refer distally. Both 
Zink and Travell report that treatment of myofascial dysfunc-
tion in this area results in reduction of swelling, joint dysfunction, 
and dysesthesia. Likewise, appropriate treatment of anterior axil-
lary fold dysfunction results in reduction of breast tenderness and 
congestive changes attributed to entrapment of breast lymphatics 
traveling around and through the pectoralis muscle toward the 
subclavicular lymph nodes (81).

Posterior Axillary Fold Technique
This technique is useful in patients who have increased lymphatic 
congestion of the upper extremity, as may occur in patients with 
shoulder discomfort, hand and/or arm paresthesias, patients with 
cool clammy hands, or patients who have had a radical mastec-
tomy. It should probably be preceded by rib raising techniques or 
paraspinal inhibition to the patient’s T1-8 thoracic region to calm 
segmental facilitation and insure that the large lymphatics are opti-
mally functioning. This technique may also be used to treat tender 

7. Repeat steps 5 and 6 until diaphragmatic excursion begins on 
the poorly functioning side and the MFR/LAS release sensa-
tion is complete. Recheck with deep inhalation and exhalation 
for symmetry and functional excursion

Also, consider using the alternative anteroposterior hold to apply 
an indirect diaphragmatic redoming technique that has the advan-
tage of being able to address the quadratus lumborum, psoas, and 
thoracolumbar lordotic curve as well. This technique is described 
as follows:

Indirect MMF to Redome the Thoracoabdominal 
Diaphragm
Example same as earlier and the same positions for physician and 
patient. For this technique:

1. Place one hand posteriorly to cup the L1-3 vertebral column 
(posterior diaphragmatic attachments) with fi ngers contacting 
paraspinal muscles on one side and the heel of the hand con-
tacting the opposite muscles

2. Place fi ngers of the anterior hand to broadly contact the subxi-
phoid region compressing to sense the deep anterior abdominal 
fascia that is continuous with the fascia lining the undersurface 
of the diaphragm

3. Rotate one hand clockwise and opposite hand counterclockwise 
(whichever is indicated by testing fascial drag) to the point of 
indirect balanced tension

4. Fine tune balance by adding any superior-inferior and left-right 
translation between hands (moving in opposite directions) to 
establish full balance between the hands

5. Follow the release with normal respiration continuously main-
taining the balance point until a release occurs in both hands

Multiple options for this vital area guarantee success when either 
the patient’s status or presence of a surgical site might prevent a 
different technique.

(Step/Goal 3) Techniques to Accentuate Lymphatic 
Return and/or to Augment Lymphatic Pumps
This therapeutic step is all about changing pressures to move fl uids 
through vessels with one-way valves, to enhance the siphon pump, 
or to transmit pressure changes into pressure-sensitive organs such 
as the liver or spleen. Typically, most pumps are performed at a rate 
of 120 beats/min and for the duration of 2 minutes.

Table 51.5 presents lymphatic techniques for accentuation of 
lymphatic return and augmentation of lymphatic pumps.

An interesting and effective fl uid augmentation technique 
associated with this step is directed at the thoracic duct itself. 
A one-way valve is located at the proximal end of the thoracic duct. 
The thoracic duct can be stimulated at its proximal or its distal ends 
by directed, transmitted vibrations. Dr. Sutherland likened the tho-
racic duct to a siphon, indicating a functional turn at its superior 
end, allowing it to drain downward into the venous junction of the 
brachial and subclavian veins. The thoracic duct may be stimulated 
with a transmitted vibration at its proximal and distal ends.

Vibratory Methods for Treatment of the Thoracic Duct
Position: The patient is supine with knees fl exed and feet on the 
table. The physician stands at the right side of the patient.

From the Distal End
1. Physician contacts the patient’s upper right abdominal quadrant 

with one hand just below the costal margin and may reinforce 
this hand with the other hand.
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periodic treatment using the protocols discussed in Tables 51.3 
to 51.6. Additionally, after a traumatic injury, core pathways may 
assume nonalternating, noncompensatory patterns compromising 
the respiratory-circulatory mechanism systemically or local path-
ways may be compromised leading to local congestive phenomena. 
Such symptomatic processes often benefi t from osteopathic care 
using this model.

Patients may be educated to maximize their own respiratory-
circulatory homeostatic mechanisms or to help prevent its dys-
function. These are important osteopathic goals designed to help 
patients raise their own health level or to be empowered to partici-
pate in their own ongoing care in a chronic condition. This may 
also be preventative in the previously mentioned sedentary indi-
viduals to keep them from needing to be “patients.”

Depending upon the clinical situation, specifi c self-stretching 
exercises can be provided. The physician may choose to focus the 
patient on exercises that maintain open drainage pathways or exer-
cises that are more general (systemic).

myofascial points in the posterior axillary fold muscles. The more 
congested the tissues, the more tenderness there will be during the 
initial treatment with this treatment technique. Note: This tech-
nique will be diffi cult to initiate in patients who are excessively ticklish, 
although thereafter it is “uncomfortable” enough generally to overwhelm 
the tickle.
Position: The patient is supine and the physician stands or sits by 
the patient’s shoulder and faces the patient’s head on the side that 
is to be treated:

1. Physician caudad hand grasps the patient’s posterior axillary 
fold with the thumb anteriorly and the fi ngers posteriorly. The 
total lateral length of the thumb and the index fi nger is snug 
against the patient’s rib cage

2. The physician reinforces this grip of the caudad hand with the 
fi ngers and thumb of the cephalad hand

3. A steady, gentle, fi rm, squeezing pressure is applied through 
the entire length of the physician’s thumb and held for about 
10 to 15 seconds

4. The fi ngers are moved from the cephalad end toward the 
caudal end of the axillary fold and step 3 is repeated. This 
is repeated until the entire posterior axillary fold has been 
treated

Successful treatment: The patient, when asked, will feel warmth, 
not only in the arm but also to the fi nger tips, as good vascular 
fl ow is re-established. This warmth can be increased by having 
the patient clench and unclench the fi st because this activates the 
peripheral muscular lymphatic pumps.

Lateral Fluctuation at the Forearm

This technique capitalizes on the use of motion in moving 
fluid out of the interstitial tissues into the blind lymphatics. As 
with all such local fluid mobilization techniques, pathways will 
have already have been cleared prior to using this technique. 
Note that for upper extremity OMT, the ulna is treated prior to 
the radius that is, in turn, treated prior to the wrist. If consid-
ered, LAS or BLT techniques for the interosseous membrane 
between the radius and the ulna could then be added. Lateral 
fluctuation of the forearm or effleurage is usually the last tech-
nique applied in applying the respiratory-circulatory model to 
this region.
Position: The patient is seated and the operator is seated and fac-
ing the patient:

1. Physician grasps the patient’s hand as if to shake hands
2. The patient’s elbow is supported by the other hand and the 

patient’s elbow is fl exed 90 degrees
3. Physician supinates and pronates the forearm until the position 

of greatest ligamentous balance is palpated
4. From this position of balance, the physician institutes a small 

rhythmic supination/pronation excursion that is continued dur-
ing the entire treatment

Follow-Up and Self-Treatment Prescriptions
Neither the physician nor the patient should be surprised if a 
compensatory fascial somatic dysfunction pattern returns between 
clinic visits—few individuals are perfectly symmetrical. They 
can be informed that with normal walking activities, such alter-
nating patterns are periodically aligned to permit fl uid drainage. 
On the other hand, in hospitalized patients or individuals who 
are extremely sedentary, even compensatory fascial patterns may 
lead to symptomatic congestion and these individuals benefi t from 

CASE STUDY (CONTINUED)

PREGNANT PATIENT WITH CARPAL TUNNEL 
SYNDROME
Initial Case Presentation:
After 14 years at the same job without complaint, a 32- year-old 
transcriptionist now presents with 6-week progressive numb-
ness and tingling in her right (dominant) hand. Awakening her 
nearly every night, the distribution of her dysesthesiae includes 
her thumb and the next 2½ digits. For the last month she has 
had difficulty opening jars and has nearly dropped objects. 
Gravida I, para 0-0-0-1 and early in her second trimester, she 
takes no medications or nutritional supplements other than a 
prenatal vitamin. The distribution of the numbness and weakness 
coupled with an almost pathognomonic night-wakening symptom is 
classic for CTS, a median entrapment neuropathy at the wrist.

CTS occurs more commonly in individuals with (a) biome-
chanical risk factors (e.g., overuse on the computer, square wrists, 
forearm somatic dysfunction including triggerpoints, etc.); (b) neu-
rological risk factors (e.g., double crush conditions including cervi-
cal radiculopathy or dysfunction, scalene entrapment, etc.); (c) hor-
monal risk factors (e.g., hypothyroidism, diabetes, etc.); and (d) fluid 
overload/edema (e.g., pregnancy) to name just a few causes bearing 
on the choice of osteopathic model that might be selected.

Findings:
Her right thenar eminence appears smaller than the left and 
manifests reduced grip strength; all fingers on the right hand 
are puffy. On the right, positive neurological tests include 
Phalen’s (at 20 seconds) and Tinel’s (just distal to the wrist’s 
flexor crease). There are no other historical or physical findings 
to indicate thyroid disorder, cervical radiculopathy, diabetes, 
vascular disease, or other significant health issue.

The common compensatory pattern of Zink is violated by 
her superior thoracic inlet that prefers rotation and sidebending 
to the left. She has tender fullness in the right supraclavicular 
region and posterior axillary fold; in the supine position, her 
shallow, rapid breaths are seen to extend only half-way down 
to the umbilicus. Spinal palpatory reveals only grade I sever-
ity, Fryette type-I somatic dysfunctions; no Chapman points 
or collateral ganglion findings were identified. She has a right 
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posterior radial head. Active MTrPs are palpated in the right 
pronator teres and in several forearm and finger flexor muscles.

EMG consisting of NCS with needle examination con-
firmed moderate severity median entrapment neuropathy at the 
wrist with positive sensory and motor NCS but no fibrillation 
potentials in the thenar eminence; it also ruled out a concomi-
tant cervical radiculopathy. The presence of both sensory and motor 
problems suggests that this problem is probably at least moderate in 
severity and that treatment is warranted. The EMG confirms this 
but without fibrillation potentials indicates that conservative man-
agement is possible in this case. The EMG also ruled out a cervical 
radiculopathy as might coexist in a low, but significant percentage 
of cases and could itself predispose that extremity to MTrPs.

Coupled with several ruled-out risk factors, her pregnancy 
(including edema, signs of terminal lymphatic drainage dysfunc-
tion, poorly effective respiration, and multiple somatic dysfunctions 
impeding both optimal fluid return and optimal biomechanical effi-
ciency) suggests that the optimal first conservative step might be a 
combination of applying the respiratory-circulatory model in con-
junction with a biomechanical/ergonomical approach.

OVERVIEW OF APPROACH WITH OMT
Thus, while the findings in this particular case confirmed a 
neurological manifestational pathology, they also suggested 
that majority of the dysfunctional components (and perhaps 
the structural changes themselves) were related to overwhelm-
ing the patient’s underlying myofascial and fluid homeostatic 
mechanisms. It was therefore determined that this particular 
case would best be “primarily” addressed conservatively by 
applying the Respiratory-Circulatory model instead of the 
Neurological model and emphasizing education and exercises 
derived from the Biomechanical model.

The primary goals selected for this particular preg-
nant transcriptionist included correcting somatic dysfunction 
(1) to remove pathway impediments to fluid return and (2) to 
maximize the use of respiratory and muscle pumps to augment 
that return. Additional goals to empower her through educa-
tion to reduce ergonomic stress while self-exercising to keep 
fluid pathways open were also felt to be needed. The resultant 
homeostatic improvement in her ability to manage systemic 
fluid changes (seen in pregnancy) simultaneously with local 
edema (that may have resulted from overuse and trigger points 
associated with her job) eliminated her CTS symptoms and, in 
this case, modified several of the pathogenic causes of median 
entrapment so that self-healing mechanisms could take over.

Care in this case consisted of OMT at each of her remaining 
prenatal visits (employing from those techniques listed later only 
as needed to accomplish the clinical goals of the respiratory-cir-
culatory model) and asking her to take a short rest with forearm-
wrist stretches every few hours. This simple regimen successfully 
resolved her symptoms after the second visit even as she continued 
to work. After vaginal delivery and 1 month of maternity leave, 
she returned to work. Her thenar eminence on the right returned 
to normal and she had no further hand symptoms. With clinical 
improvement, she refused to repeat the EMG and she remained 
empowered with her prior education concerning wise ergonom-
ics, self-stretch exercises for the neck and forearm, and breathing 
exercises (which also helped calm her “biopsychosocial” stressors 
that were related to being a working mom with a new child). She 
now seeks OMT occasionally “when she feels overly stressed at 
work” but is ultimately responsible for her own health.

RESPIRATORY-CIRCULATORY MODEL COMPONENTS 
USED IN THIS CASE
Opening the Pathways With Diaphragm Redoming
 Direct MFR Thoracic Inlet OMT

Direct MFR Thoracic Outlet Combined with Diaphragm 
Redoming Seated Muscle Energy of the Lumbopelvic Junc-
tion (no diagram)

Soft Tissue Inhibition, Posterior Axillary Fold Technique
Integrated Myofascial Spray and Stretch of Common MTrPs (82)

AUGMENTING THE FLOW AND MOBILIZING 
REGIONAL CONGESTION
Pectoral Traction
BLT/BMT with Lateral Fluctuation of Arm

EXERCISE PRESCRIPTION FOR PATIENT
Self-Stretch (83,85)

EVIDENCE-BASED OUTCOMES OF OTM IN CTS CASES
Numerous osteopathic trials have been conducted in the care of 
patients with CTS (86–90). Sucher has even demonstrated the effi-
cacy of the exercises recommended earlier in “opening” the carpal 
tunnel in cadaveric specimens (91). Currently, a large-scale study 
funded with NIH funding is underway at the ORC in Texas. (See 
Chapter 43 in this text for more information concerning CTS.)

COMMENT ON OTHER OSTEOPATHIC MODELS THAT 
COULD HAVE BEEN INVOLVED IN THIS CASE
Neurological Model:
Screening diagnosis identified the primary pathology to be related 
to probable median entrapment neuropathy at the wrist consis-
tent with a unilateral CTS. However, there was no additional evi-
dence of C5-C8 neural involvement as might exist from cervical 
disk disease, cervical ribs, scalene triggerpoints or entrapment, or 
significant cervical somatic dysfunction that might lead to a “dou-
ble crush syndrome” augmenting CTS symptoms or to confusion 
with the sensory and motor supply of the hand. Furthermore, 
no segmental facilitation from viscera sharing the upper extrem-
ity’s sympathetic segments (T2-8) was seen. In other cases of 
CTS, OMT to augment sensory, motor, and autonomic homeo-
stasis might be the primary management strategy. Increased 
sympathetic tone decreases blood flow to the upper extrem-
ity, reduces the ability of large lymphatics to move fluid, and 
can play a role in the development of what was formerly called 
“reflex sympathetic dystrophy” but is now referred to as “complex 
regional pain syndrome.” There is definitely an overlap between 
the respiratory-circulatory model and the neurological model

Biomechanical Model:
In pregnancy, many postural and biomechanical changes take 
place. Increasing sagittal plane curves have their effects on the 
transverse diaphragms and create additional myofascial forces 
all of which can overlap with the respiratory-circulatory model. 
From an ergonomic perspective, pregnant women often will 
modify how they perform tasks based upon growing uterine 
impediments to bending or positioning themselves to perform 
certain work tasks or activities of daily living,

Metabolic-Energy Model:
Hypothyroidism is more com mon in pregnancy and causes 
thickening of connective tissue that can predispose to CTS (up 
to 10% of bilateral CTS patients may have myxedema). The 
relaxin circulating in the pregnant patient may also interact 
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with the postural and biomechanical model through changes 
in tensegrity. While the former was not a problem in this case, 
myxedema would need to be addressed prior to effectively 
applying the respiratory-circulatory model and the relaxin 
component in a pregnant patient influences choices of OMT 
techniques to use regardless of the model.

Behavioral Model:
This model mentioned the impact that respiratory instruction 
had in enhancing calmness and focus post-partum. (It did not 
mention the use of focused breathing this patient performed 
during her labor as a distraction from the pain of delivery). 
Optimal respiratory-circulatory homeostasis has a number of 
benefits important in the behavioral model including reduction 
of pain and anxiety by decreasing venous congestion around 
the central nervous system and enhancing the quality of sleep. 
Conversely, patients with heavy biopsychosocial stressors often 
have muscle tension and shallow breathing that compromise 
optimal respiratory-circulatory function.

In summary, an osteopathic approach to an individual case 
may not follow a single model, but identifying which model might 
have a primary impact permits the osteopathic practitioner to bet-
ter focus his or her treatment plan in a time-efficient and effective 
manner. The outcome of applying the osteopathic respiratory-
circulatory model to the chief complaint in this case accomplished 
much more than reduction of edema and thereby reduction of 
the signs and symptoms of “carpal tunnel syndrome.”
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Representative Models
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This chapter contains a number of manipulative interventions 
currently practiced and taught by osteopathic physicians. Unlike 
the manipulative models presented in Chapters 45 to 51 inclu-
sive, the models described in this chapter are not uniformly 
taught at all colleges of osteopathic medicine. The premises of 
the models are rationally based on accepted scientifi c principles. 
Their inclusion in this chapter demonstrates varying expres-
sions of manipulative intervention within the somatic dysfunc-
tion diagnostic terminology developed by the osteopathic medical 
profession.

The contemporary approaches covered in this chapter include 
the following:
A. Balanced Ligamentous Tension and Ligamentous Articular Strain
B. Facilitated Positional Release
C. Progressive Inhibition of Neuromuscular Structures
D. Functional Technique
E. Visceral Manipulation
F. Still Technique
G. Chapman’s Approach
H. Fulford Percussion

CASE STUDY

A 50-year-old male complains of pain in the left hip. It started 
several weeks ago after climbing six flights of stairs at work. The 
pain is worse in flexion and going up stairs. He tolerates going 
down stairs easier. The pain radiates from the groin mainly into 
the left thigh region. However, he is more functional and can 
bear weight on his left leg. Rest makes it better. It is worse at 
the end of the day than in the morning. Advil relieves most of 
his pain but it is now causing him some “stomach burn.”

OBJECTIVE
Physical exam is normal except as follows. Neurological—no 
focal sensory or motor deficits, reflexes symmetrical. Less 
hypersensitivity to touch noted in the S1 S2 distribution. M/S 
muscle spasm noted in the L adductors. His gait is antalgic.

ASSESSMENT
719.45 JOINT PAIN-PELVIS
728.85 SPASM OF MUSCLE

Plan: 
OMT to region

OSTEOPATHIC STRUCTURAL EXAM AND 
TREATMENT NOTE
Patient was found to have tenderness, asymmetry, restriction of 
range of motion, and tissue texture changes in the following areas:

Balanced Ligamentous Tension and Ligamentous 
Articular Strain
WM. THOMAS CROW 

52A
K E Y  C O N C E P T

In this section, emphasis is placed on the role of ligaments in maintaining articular dysfunction. The cardinal 
principles of this approach are three: disengagement of the dysfunctional area (compression/decompression), 
exaggeration of the dysfunctional pattern (returning to the original position of injury), and balanced tension of 
ligaments (maintained until release). Retracing the path of injury via ligamentous tension and strain is done 
anatomically and facilitated by respiratory cooperation of the patient.

Lumbar Spine: 
Lumbar paraspinal muscles tight bilateral, L4–5 RLSRL

Sacrum and Innominates: 
Posterior sacrum—left. Inferior pubic symphysis shear—right, 
Tight piriformis—left

Pelvis: 
Adductors restricted in extension
739.4 SOMAT DYSFUNC SACRAL REG
739.5 SOMAT DYSFUNC PELVIC REG
739.3 SOMAT DYSFUNC LUMBAR REG

Plan: 
Osteopathic manip, 3 to 4 body regn

PT treated with ligamentous articular strain (LAS) and 
balanced ligamentous tension (BLT) techniques. PT toler-
ated procedure well. No complications. Rest and ice to areas, if 
needed. He may continue to use Tylenol l PRN pain. Increase 
in PO fluids × 24–48 hours

INTRODUCTION

Balanced ligamentous and balanced membranous tension to treat 
LASs were concepts of Dr. Andrew Taylor Still. William G. Suther-
land, D.O., a student of Still, reinforced these concepts in his teaching. 
Rebecca and Howard Lippincott wrote the principles and tech-
niques down and subsequently published them as the “Osteopathic 

Chila_Chap52.indd   809Chila_Chap52.indd   809 8/6/2010   2:09:42 PM8/6/2010   2:09:42 PM



810 III • APPROACH TO THE SOMATIC COMPONENT

Technique of Wm. G. Sutherland” in the 1949 Year Book of the 
Academy of Applied Osteopathy (1). Dr Anne Wales in the Northeast 
called what she was doing BLT techniques and Rollin Becker in 
Dallas called it LAS techniques. The terms come from the above-
mentioned article where it states “Osteopathic lesions are strains of 
the tissues of the body. When they involve joints it is the ligaments 
that are primarily affected so the term ‘ligamentous articular strain’ 
is the one preferred by Dr. Sutherland. The ligaments of a joint are 
normally on a balanced, reciprocal tension and seldom if ever are they 
completely relaxed throughout the normal range of movement… 
Since it is the ligaments that are primarily involved in the mainte-
nance of the lesion it is they, not muscular leverage, that are used as the 
main agency for reduction....This is the point of balanced tension” (1).

HISTORY

At the time that Dr. Sutherland received his osteopathic training 
at Kirksville, Dr. Still was still supervising the instruction given at 
the college. The principles that were taught had to conform exactly 
to his concept. Dr. Sutherland made good use of every opportunity 
to learn and understand them and has adhered closely in his think-
ing and practice to Dr. Still’s principles throughout his professional 
career. “In consequence, the technique which he presented to us is a 
refl ection of the clear vision of our founder” (2). During this course, 
Sutherland related the following: “Dr. Still gave me a lesson one 
day along with the rest of our class. A member of our class had 
stepped on a rusty nail. All the appropriate surgical management 
and cleansing had been used, but it would not heal. It began to look 
an angry red, so we called in the Old Doctor. He said, ‘You damn 
fools!’ and we were. We had not stopped to consider that when the 
patient stepped on that nail he drew his leg up away from it. The 
lasting problem was not the nail or the original wound; it was what 
occurred in the sudden jerk of the patient that caused a membra-
nous strain between the fi bula and the tibia (3). Sutherland’s student 
H. A. Lippincott, D.O., elaborated on this: “Since it is the ligaments 
that are primarily involved in the maintenance of the lesion it is they, 
not muscular leverage that are used as the main agency for reduc-
tion. The articulation is carried in the direction of the lesion posi-
tion as far as is necessary to cause tension of the weakened elements 
of the ligamentous structure to be equal to or slight in excess of the 
tension of those that are not strained. This is the point of balanced 
tension. Forcing the articulation back and away from the direction 
of lesion strains the ligaments that are normal and unopposed, and 
if it is done with thrust or jerks there is a defi nite possibility of sepa-
rating fi bers of ligaments from their bony attachments. When the 
tension is properly balanced the respiratory or muscular cooperation 
of the patient is employed to overcome the resistance of the defense 
mechanism of the body to the release of the lesion” (1). Sutherland 
is best remembered for his application of osteopathic techniques for 
the cranium and sacrum. However, it is clear that he had learned 
from Dr. Still techniques for treating the whole body, and was only 
expounding more on an area that was receiving insuffi cient atten-
tion at that time, that is, the motion of the individual bones in the 
cranium. This is why Sutherland, later in his life, held that he had 
just pulled back a veil so that others could see more clearly.

While LAS techniques may not be the only techniques used 
by Drs. Still and Sutherland, they are the ones that both of them 
described. For example, Dr. Still wrote: “Without going into detail 
further, I will say that all dislocations, partial or complete, can be 
adjusted by this rule: First loosen the dislocated end from other 
tissues, then gently bring it back to its original place” (4).

Carl Phillip McConnell, D.O., M.D., who had been treated by 
Still and was on the faculty at the American School of Osteopa-

thy, described Still’s treatment technique in his book, The Practice 
of Osteopathy, by writing “Disengage the articular points that have 
become locked. Reduce the dislocation by retracing the path along 
which the parts were dislocated. One can readily see that a dislo-
cated ball and socket joint could be reduced only by the dislocated 
bone retracing the path through which it left its socket as the cap-
sular ligament would at once prevent its returning to the socket by 
any path other than that taken when dislocated. This applies to all 
dislocations to a greater or lesser extent” (5).

In 1917, Edythe Ashmore wrote that there were two methods 
commonly employed by osteopaths in the correction of lesions, the 
older of which is the traction method, the latter the direct method 
or thrust (6). In a footnote, she wrote: “The term ‘direct’ is pre-
ferred for the reason that the imitators of osteopathy have given to 
the word ‘thrust’ an objectionable meaning of harshness” (6). As 
noted previously, the older method is now known as LAS tech-
niques, while the newer methods refer to high velocity–low ampli-
tude techniques. Of the former, she wrote: “Those who employ 
the traction method secure the relaxation of the tissues about the 
articulation by what has been termed exaggeration of the lesion, a 
motion in the direction of the forcible movement which produced 
the lesion, as if its purpose were to increase the deformity. C.P. 
McConnell states that this disengages the tissues that are hold-
ing the parts in the abnormal position. The exaggeration is held, 
traction made upon the joint, replacement initiated and then com-
pleted by reversal of the forces” (6).

RECIPROCAL TENSION

Sutherland coined the terms “reciprocal tension ligaments” and 
“reciprocal tension mechanism” to describe the role of ligaments in 
joints (3). An example of this is the wrist as it moves into fl exion 
displacing the distal row of carpal bones toward the dorsal surface 
of the arm. During extension the reverse occurs. Each bone then 
rotates as the group is moved. The tension of the carpal ligaments 
remains constant and constantly shifts its balance. This is a key 
concept in Dr. Sutherland’s approach.

The type of motion which may occur at any given articulation 
is determined by the shape of the joint surfaces, the position of the 
ligaments, and the forces of the muscles acting upon the joint. Liga-
ments do not stretch and contract as muscles do; consequently, the 
tension in a ligament has very little variation. The tension distributed 
throughout the ligaments of any given joint is balanced. In normal 
movements, as the joint changes position, the relationships between 
the joint’s ligaments also change, but the total tension within the lig-
amentous articular mechanism does not. The distribution of tension 
between the ligaments is altered, however, when the joint is affected 
by injury, infl ammation, and/or mechanical forces. This is what hap-
pens in somatic dysfunction. The distribution and vector of tension 
within any given ligament will change according to the position of 
strain in the joint. However, the shared tension within the ligamen-
tous articular mechanism of any given joint remains constant as long 
as the ligament is not damaged. This has been called a reciprocal 
tension mechanism. Of course, the balance within the ligamentous 
articular mechanism can be strained if the joint is inappropriately 
moved beyond its physiologic range of motion. In the former case, 
it is the balance of tension, which is distorted. In the latter case, the 
fi bers of the ligament are subjected to microscopic tears and stretch. 
While this (the latter case) will most assuredly result in a strain to 
the balance of the articular ligaments, the ligaments do not need to 
be disrupted for the balance to be distorted. The distortion in bal-
ance is a mechanical strain, which may or may not involve an ana-
tomical one. In any somatic dysfunction, there is always a strain.
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H.A. Lippincott, D.O., describes LAS as “Osteopathic lesions 
are strains of the tissues of the body. When they involve joints, it is 
the ligaments that are primarily affected so the term ‘ligamentous 
articular strain’ is the one preferred by Dr. Sutherland. The ligaments 
of a joint are normally on a balanced, reciprocal tension and seldom 
if ever are they completely relaxed throughout the normal range of 
movement. When the motion is carried beyond that range, the ten-
sion is unbalanced and the elements of the ligamentous structure that 
limit motion in that direction are strained and weakened. The lesion 
is maintained by the overbalance of the reciprocal tension by the ele-
ments that have not been strained. This locks the articular mechanism 
or prevents its free and normal movement. The unbalanced tension 
causes the bones to assume a position that is nearer that in which the 
strain was produced than would be the case if the tension were nor-
mal, and the weakened part of the ligaments permits motion in the 
direction of the lesion in excess of normal. The range of movement 
in the opposite direction is limited by the more fi rm and unopposed 
tension of the elements which had not been strained” (1).

FASCIA

Still looked to the fascia for the source of disease (4). Strains in the 
fascia not only pull bones out of position and impinge on nerves, 
vessels, and lymphatics but also impede the fl ow of the interstitial 
fl uid. At the 1998 Cranial Academy Conference, the osteopathic 
anatomist Frank Willard, Ph.D., stated that the fascia should be 
defi ned and studied as a system unto itself and not simply as an 
obscuring material hiding more important tissues (7). From an 
embryological standpoint, fascia, bone, and all the connective tis-
sues arise from the mesenchyme.

CONNECTIVE TISSUE

Connective tissue makes up about 16 percent of the body’s weight 
and stores approximately 25% of the body’s total water. It forms the 
biological building blocks of the skin, muscles, nerve sheaths, tendons, 
ligaments, fascia, blood vessels, joint capsules, periosteum, aponeuro-
ses, bones, adipose tissue, and cartilage and the framework for the 
internal organs (8). Connective tissue, with a special emphasis on fas-
cia for our purposes here, has unique deformative characteristics. The 
fascia derives its unique characteristics from its viscosity and elasticity, 
both of which are changed by manipulation to reinstate homeostasis 
in the body. Being viscoelastic in nature, the fascia has both permanent 
(viscous) and temporary (elastic) deformation characteristics (9,10). 
In addition, fascia has a plastic component that allows for permanent 
elongation and a mechanical component that allows it to contract; 
thus, the fascia and bones deform in the same four ways. Wolff law 
states: “Every change in form and function of a bone, or in its func-
tion alone, is followed by certain defi nite changes in its internal archi-
tecture and secondary alterations in its external conformations, for 
example, bone is laid down along lines of stress” (11).

This process apparently also applies to the fascia and all con-
nective tissue.

CRIMPING

If there are abnormal stresses found in the collagen that makes up 
the tendons and ligaments, then the tendons and ligaments will 
be deformed and their basic functions will be affected. Tendons 
attach muscle fi bers to bones and transmit muscle forces, and the 
ligaments check excess motion of the joints and guide joint motion 
(12). Ligaments have a less consistent parallel arrangement of col-
lagen than tendons (13). The orientation of the ligament takes on 
an undulating confi guration known as the crimp, which allows the 

ligament to work like a spring and which is an essential function of 
normal ligaments. Upon injury to the ligament, the spring will be 
straightened, causing the ligament to function improperly.

IMMOBILIZATION

Scientifi c studies have shown that fascia and connective tissue have 
certain biochemical and physiologic responses to immobilization. 
Most of the currently available research is on animals, which may 
limit its application to the human population. Nevertheless, in 
the studies on animal connective tissues, laboratory animals were 
immobilized for various periods of time and then examined at dif-
ferent time intervals (14).

BIOCHEMICAL CHANGES SECONDARY 
TO IMMOBILIZATION

Fibrofatty infi ltrates were found in the capsular folds and recesses, 
and the longer the joint was immobilized, the greater the amount of 
infi ltration (15–17). There was a loss of water and of glycosamino-
glycans in the ground substance, a lubricant found between the 
collagen fi bers, which are the primary connective tissue fi bers that 
compose the fascia. Collagen fi ber lubrication is associated with the 
maintenance of a critical interfi ber distance, which has to be main-
tained between the fi bers in order for them to move smoothly. When 
this distance is not maintained, microadhesions form and new col-
lagen is then laid down in a haphazard manner (15). Immobilization 
for >12 weeks resulted in an overall loss of collagen since its rate of 
degradation exceeded its rate of synthesis under these circumstances 
(16). Joint contracture occurs as the result of remodeling and short-
ening of connective tissues when connective tissue is immobilized 
in the presence of infl ammatory exudates. When a limb is immo-
bilized in the absence of infl ammatory exudates, no contracture 
occurs. In addition, biochemical changes are noted (17,18).

PHYSIOLOGICAL CHANGES SECONDARY 
TO IMMOBILIZATION

The force needed to move an immobilized joint is ten times that 
of a normal joint. After several repetitions, the amount of force 
required to move the immobilized joint is reduced to three times 
that of a normal joint. Over time, the joint will usually regain nor-
mal joint mobility (19). Manipulation of experimentally immo-
bilized rat knees by either high velocity techniques or range of 
motion resulted in the rupture of macroadhesions and the res-
toration of partial joint mobility. Movement restores the normal 
histological makeup of the connective tissue, but the chances of 
obtaining optimum results decrease as the immobilization period 
increases (19). All periarticular connective tissues responded in the 
same manner. Ligament and capsule surrounding the fascia all have 
the same basic response to immobilization. Manual manipulation 
of the tissues causes a reversal of effects, provided manipulation 
was done within three months of immobilization (17).

Every cell in the body is surrounded by fascia that fuse together 
to make bigger sheets of fascia. Eventually, these fuse together to 
form tendons and ligaments. When you look at the smallest fi bers 
of a muscle, it is still surrounded by fascia. It is like plastic bags 
within plastic bags within plastic bags. It is through pressure on 
these “plastic bags” that we are causing a change in the body. Pas-
cal law states that “Pressure applied to a liquid at rest from any 
point is transmitted equally in all directions” (20). The human 
body consists of many closed fl uid systems like the plastic bags 
that respond exactly as predicted by Pascal principle, that is, an 
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increase in the pressure of fl uid in one of the plastic bags will 
distribute its pressure to other portions of the body.

The effects of the hydrodynamic fl uctuation of body fl uids 
restore motion and life to “dead spots,” or somatic dysfunctions, 
changing the structure of the tissues. Research has shown that 
changes in the structure of the tissues of the body alter the structure 
of the cytoskeleton, which in turn can actually alter gene expression 
and cellular metabolism (21). Therefore, we believe that we can bring 
about signifi cant change on all levels by manipulating the tissues 
of the body. This concept is echoed in the osteopathic literature.

Every organ in the body exhibits the phenomenon of pulsations 
or rhythmic action which is incessantly active, dynamic, and highly 
mobile, resulting in forward, backward, sideways, and rotational fl uid 
movement (19). These pulsations appear to be ubiquitous. They 
propel the extra cellular fl uids into and across the semipermeable 
membranes of cells everywhere and deliver nutrients and remove 
metabolic waste products even from synovial spaces, bursae, and 
other nonvascular compartments. Every cell membrane of the body 
is continuously and rhythmically bathed with these essential fl uids in 
a fashion similar to the ebb and fl ow of the ocean upon the beach.

Fluid dynamics, joint physiology, fascia, and vectors of injury 
may look on the surface to be unrelated, but, on a deeper level, are 
found to be closely connected. As osteopaths, we are interested in 
continuously advancing our skills and studying the interrelatedness 
of biomechanics. As you expand your knowledge of osteopathy, you 
will move from a view of the human body as a skeleton, with other 
tissues hanging on as it were, to a view of the body as a moving, living 
organism with a skeleton found within it. As a result, your attention 
will move from bones and joints to the fascia and fl uid dynamics. It 
is important to understand the scientifi c principles upon which these 
techniques are based in order to apply them most successfully. If you 
understand the principles, you can then create your own techniques.

PRINCIPLES OF CORRECTIVE TECHNIQUE

Look at a somatic dysfunction as an impediment to the fl ow of 
the interstitial fl uid. The fl uid moves around areas of dysfunction 
like a stream fl ows around a stone. The goal of your treatment is 
to remove the stone and let the stream fl ow through unimpeded. 
Take that which you palpate as hard and make it soft. When you 
feel the fl ow come through the dysfunctional area, your treatment 
of that area is complete.

Once an area of dysfunction has been located, compress or 
decompress the joint or fascial plane to disengage the injury so that 
the displaced bone can be moved. (This is similar to pushing in the 
clutch on a car to shift gears.) Then carry the injured part in the 
direction of least resistance, returning it to the original position to 
which it was forced during the injury. Carrying the injury the way 
it wants to go is an indirect method of treatment and is also one 
that follows the direction of the somatic dysfunction. Remember 
that just after the initial injury, the injured part sprang back toward 
a normal position but was caught in limbo—part way between 
the position of the injury and the normal functional position. So, 
when correcting the injury, you must carry the injured part back 
to the exact position of injury and maintain that position until the 
body rebalances all the connective tissue surrounding the dysfunc-
tion, and draws the part back to its normal functional physiologic 
position. This can be done using a direct technique, an indirect 
technique, or a combination of indirect and direct methods.

It is the act of disengagement, exaggeration, and balance that 
makes the techniques work. These are the three basic components 
to remember when utilizing LAS techniques: disengage, exagger-
ate, and balance:

1. Disengage: Compress or decompress the joint or fascial plane, 
increasing the pressure or traction until you are able to move the 
injured part

2. Exaggerate: Carry the injured part back to the original position 
of injury by, for example, rotating, fl exing, “side bending,” or 
“side shifting” until the balance point or still point is found. For 
example, if the right ankle is slightly inverted, you exaggerate 
the position of the ankle by taking it into a more inverted posi-
tion, which is how the injury occurred originally

3. Balance: Maintain the area of dysfunction in the position of 
injury, that is, the balance point or still point, until a release 
occurs. The bone will move slightly farther in the direction of 
exaggeration. It then will move back to its normal functional 
position as the cranial rhythmic impulse or tide returns through 
the tissues that were injured. Once the correction has occurred, 
the injured ligaments will start their 3-month healing process

LAS Hip Technique

Symptoms/diagnosis: Hip pain, often due to a force transferred up 
from the lower extremity or a fall directly on the hip
Procedure (Fig. 52A.1):

Roll the knee medially to raise the symptomatic hip slightly off 
the table. Place the thenar eminence of your hand farthest from table 
between the greater trochanter and the table. Place the patient’s 
knee in the fossa just below your coracoid process on the side near-
est the patient to control the distal femur. Grasp the medial proxi-
mal aspect of the femur close to the femoral head with the index, 
middle fi nger, and thumb of your other hand. Use your shoulder to 
increase or decrease the fl exion at the hip and to slightly internally 
or externally rotate the femur. The patient’s foot is dangling just off 
the table. Compress the hip slightly anteriorly and medially with 
your thenar eminence on the greater trochanter. With your medial 
hand grasping the femur close to the femoral head, generate pres-
sure posteriorly and laterally with your middle fi nger, index fi nger, 

Figure 52A-1 Las technique for the hip. (From LAS by William 
Thomas Crow and Conrad Speece. Used with permission of East-
land Press.)
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and thumb. Using your shoulder, locate the direction of balanced 
tension in the hip by slightly increasing or decreasing the fl exion of 
the femur and slightly internally or externally rotating the femur. 
Balance the forces at the hip joint from all three contact points. 
When the release occurs, the connective tissue surrounding the head 
of the femur will readjust itself, all three vectors of force will “melt,” 
and the femur will move back to it functional physiologic position.

Active range of motion is assessed with the patient standing 
facing the physician, and the physician slowly moving the patient’s 
foot into internal and external rotation. Restriction of active motion 
is noted by assessing movement at the pelvis. The treatment is per-
formed with the patient sitting facing the physician. The leg to be 
treated is crossed so that the ankle rests over the contralateral knee.

Treatment for Externally Rotated Legs

The physician places one hand upon the medial aspect of the femur 
near the femoral neck to externally rotate the femur. The other 
hand grasps the patient’s knee. The physician establishes a point of 
balance between the femoral head and the acetabulum. The patient 
also places his or her hands upon his or her knee. The patient holds 
the knee down and laterally while rotating the body away from the 
leg and backward.

Treatment for Internally Rotated Legs

In this instance, the physician’s handhold is more proximal so that 
there is less torque at the acetabulum. The physician establishes a 
point of balance between the femoral head and the acetabulum. 
The patient draws the knee medially and upward while rotating 
forward and toward the affected side.
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Facilitated Positional Release
DENNIS J. DOWLING 52B

K E Y  C O N C E P T

In this section, emphasis is placed on decreasing muscle hypertonicity involved in the maintenance of articular 
dysfunction. The dysfunctional region is initially placed in a relatively neutral position. Activating force of 
compression, traction, or torsion is applied to effect immediate release of tissue tension, articular restriction, or both. 
Subsequent positioning into resistance seeks to affect larger (regional) muscle groups or smaller (intrinsic) deep 
muscles involved in joint mobility.

CASE STUDY

The patient is a 48-year-old female who presented to the osteo-
pathic physician’s office with several complaints of chronic 
lower back pain, neck pain, left shoulder pain, and frequent 
headaches. She described these as originating in her early twen-
ties with no noted precipitating event, but all of the symptoms 

have been gradually increasing over the years. The most recent 
symptom to appear has been intermittent radiating of pain and 
tingling from the left lower back to the left buttock and some-
times the left lower leg. The level of pain is a 3 to 4/10 pain and 
is worse in the morning after awakening. She has been married 
for 25 years, has three children, and works full time as a librar-
ian. She describes that she is happy and satisfied in her private 
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and professional life. In her free time, she exercises and does 
volunteer work at her church both of which she states helps 
often, but always, with her symptoms. She has been seen by 
several physicians and health practitioners, including orthope-
dists, a neurologist, a rheumatologist, physical therapists, mas-
sage therapist, an acupuncturist, and a nutritionist. The massage 
therapy has helped but was only of short benefit. Radiological 
findings included some mild degenerative changes in the cer-
vical and lumbar spinal regions with a paracentral herniated 
disc on the left at L4-5. Neurophysiological (EMG/NCS) only 
demonstrated some involvement of the L5 paraspinal muscles. 
Blood serology has been negative. She has been prescribed a 
tricyclic antidepressant, a specific serotonin reuptake inhibi-
tor, gabapentin, various nonsteroidal anti-inflammatories, 
muscle relaxants, and narcotic analogue medications. She dis-
continued all of the medications either because of side effects 
or ineffectiveness. She does occasionally take acetaminophen 
for her headaches, which she describes as tightness at the 
back of her head radiating to her temple area. She denies any 
aura or other symptoms associated with the headaches. She 
denies any other constitutional symptoms, is up to date with 
her gynecological, breast, and physical examinations, is not 
menopausal, is monogamous, and utilizes barrier methods for 
birth control. Her bone density studies have revealed minimal 
osteopenia. She has no known allergies, has never smoked or 
used recreational drugs, has only one to two glasses of wine 
per week, and has never had surgery. Her only hospitalizations 
were for her pregnancies, which were all full term and resulted 
in spontaneous vaginal deliveries. Family history is essen-
tially negative with only a positive with her father’s controlled 
hypertension.

On physical examination, the patient is a well-nourished, 
well-developed woman who appears to be younger than her 
stated age and is in no apparent distress. Gait and posture are 
normal. Regional demonstrates full range of motion and equal 
with the exception of reduced left shoulder flexion/abduction/ 
internal rotation, lumbar side bending and rotation to the right, 
and cervical side bending and rotation to the right. Standing 
and seated flexion tests, straight leg-raising, and Spurling com-
pression tests are negative. Motor strength is 5/5, reflexes are 
2/4, and sensory is intact for touch/sharp/dull and is symmetri-
cal throughout. The rest of the physical examination is benign 
and noncontributory. Specific structural findings include: left 
trapezius spasm, C3 ESLRL, C7 FSLRL, elevated first rib on the 
left, T6 FSLRL lumbar paravertebral muscle spasm on the right, 
latissimus dorsi muscle spasm on the left, L3 ESLRL, and L4 
FSLRL. A mild flexion pattern with a CRI of 8 was noted and 
the sacrum and pelvis were symmetrical and mobile. Diagnoses 
of cervical, rib, thoracic and lumbar somatic dysfunctions; 
lumbar herniated disc; lumbar radiculopathy; and lumbar and 
cervical strain and sprain were made. The shoulder pain and 
restriction of motion were determined to not be directly related 
to shoulder restriction or pathology but were secondary to the 
spasms of the trapezius and latissimus muscles and the cervical 
and rib segmental dysfunctions. The patient was treated pri-
marily with soft tissue and facilitated positional release (FPR) 
techniques. After the first treatment, she described that the pain 
was a 1 to 2/10, less frequent, and she was having less frequent 
headaches. The course of treatment resulted in weekly treat-
ments for three weeks, and then biweekly, followed by monthly 
intervals.

HISTORY

In the 1980s, Stanley Schiowitz, D.O., F.A.A.O., was an associate 
dean and chairman of the Department of Osteopathic Principles 
and Practices (OPP) at the New York College of Osteopathic 
Medicine. His clinic practice on campus gave the undergraduate 
OPP fellows a great opportunity to practice osteopathic manipu-
lation under the supervision of an experienced practitioner. Time 
after time, they would describe the same experience: Dr. Schiowitz 
would enter the treatment room after each had treated a patient, 
they would describe some fi nding or restriction that was recalcitrant 
to treatment, Dr. Schiowitz would perform some quick maneuver 
that was unfamiliar to them, the patient would be improved, and 
Dr. Schiowitz would quickly exit to go see other patients. As they 
exchanged notes on what they observed and mimicked some of 
his treatments, the group found that they were able to success-
fully perform them. Whenever possible, Dr. Schiowitz taught 
them one on one or in small groups. It appeared that he had a 
cohesive approach for treatment that was, as of that time, nameless 
and without explanation. In order to record the description in the 
“Progress” section of the SOAP note, the OPP fellows would use 
the letters “IO” (“Instant Osteopathy”) as an abbreviation. Because 
of his busy practice and time limitations, Dr. Schiowitz sought out 
and adapted methods of treatment that were rapid and effective 
and based on anatomical and physiological principles. Some of his 
students have remarked that he had to develop a quick approach to 
treatment since he couldn’t stay in one place for 90 seconds. He has 
admitted that he may have seen some practitioners using some ele-
ments or on very specifi c diagnoses but not in a globally designed 
system. By 1990, Dr. Schiowitz had formulated the treatment to 
the extent that it was published in the JAOA (1) and taught at 
national meetings. The OPP fellows and some faculty members 
became his earliest table trainers at some of these sessions.

FPR is primarily an indirect method of treatment as has been 
published. Actually, as practiced by Dr. Schiowitz and those whom 
he has directly taught, FPR is a mixed indirect followed by direct 
treatment. The physician initially places the region or somatic dys-
function into a position between fl exion and extension to approach 
the neutral position as defi ned by Fryette (2). An activating force, 
compression, traction, or torsion, is then applied to facilitate an 
immediate release of tissue tension, joint motion restriction, or 
both. This is followed by placing the region into its directions of 
dysfunction for a few seconds and then repositioned, if desired, in 
the barrier directions followed by rediagnosis. This latter aspect, 
the positioning into the barriers, brings FPR into greater resem-
blance with the Still technique (3). The goals of treatment are to 
decrease muscle hypertonicity that maintains somatic dysfunc-
tion whether by affecting larger regional groups or by modifying 
smaller more intrinsic deep muscles, which are involved in joint 
mobility.

FPR as a technique is easily applied, effective, and time effi -
cient. Often, patients report immediate relief of tension and/or 
tenderness and restoration of function. Because treatment of spe-
cifi c dysfunctions is accomplished in seconds, repeat application 
can be attempted or other methods of treatment can be subse-
quently applied.

THEORY

Korr (4) wrote that the immobility of a lesioned segment was 
initiated or maintained by increased gain in gamma motor neu-
ron activity of the muscles of that segment. The gamma motor 
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Johnston (9) incorporates a method of scanning and screening to 
progressively narrow the fi ndings to specifi c diagnoses.

Schiowitz utilizes a very rapid method of diagnosis that incor-
porates the introduction of small motions to test all cardinal planes 
of motion. The appreciated palpatory response indicating relative 
freedom and resistance results in a specifi c diagnosis. For superfi -
cial muscular diagnosis, the physician places the pads of his fi ngers 
on the area of dysfunction and determines elements of Sensitivity, 
Tissue Texture Changes, Asymmetry, and Restriction of Motion 
(S-T-A-R) (10). This can be accomplished in seconds and the FPR 
treatment applied. For specifi c segmental dysfunction, the physi-
cian introduces motion in all three planes by alternating forces 
in opposite directions. In the spine, the pads of the fi ngers apply 
anterior force to create rotation both to the left and to the right. 
When pressure is placed on the right transverse process, it creates a 
slight left rotation. Segmental dysfunctions will have directions of 
relative ease and restriction with the direction of restriction dem-
onstrating greater resistance to the applied pressure and the free-
dom allowing less. Lateral motion, or side bending in the spine, 
is tested by applying pressure to deviate one transverse process 
into a more cephalad direction and the opposite side simultane-
ously into the caudad direction. Relative ease and restriction to 
the forces are noted and the opposite directions are tested. Sagit-
tal planar motions of fl exion and extension require observation of 
the resistance to anterior deviation of one vertebra with the next 
lower one. The pads of the fi ngers are pressed anteriorly on the 
superior surfaces of the upper vertebra’s transverse processes for 
fl exion and on the inferior surfaces for extension. The combina-
tion of all fi ndings results in a triplanar diagnosis of segmental 
dysfunction. For the extremities, similar methods are utilized to 
determine fl exion-extension, abduction-adduction, and rotation. 
The directions of ease will be the ones that will be introduced 
immediately after placing the joint into neutral and adding the 
facilitating force.

Using a combination of methods can further increase the accu-
racy of the diagnosis and therefore the treatment.

TREATMENT

FPR treatment can be used to address at abnormal superfi cial tis-
sue texture as well as infl uence the deep intrinsic muscles involved 
in segmental joint mobility. When it is a clear diagnostic differen-
tiation as to which is primarily involved in the somatic dysfunc-
tion, the superfi cial soft tissue changes should be initially treated. 
If the dysfunction persists after this treatment, FPR should then 
be directed toward treatment of the deeper muscular component 
involved in the specifi c joint motion restriction. FPR is primarily 
an indirect technique that requires the patient to remain passive. 
However, sometimes the patient can assist initially into attaining 
a neutral position, the physician braces the patient, and then the 
patient relaxes. The technique can be adapted to treat the patient 
in a supine, prone, side-lying, or upright position.

Tissue Texture Change Treatment

1. The physician monitors the region to be treated
2. The anteroposterior spinal curve of the treatment area is fl at-

tened. This position places that region of the spine into an 
idling position, which shortens and softens associated muscle. 
A palpatory softening is customarily noted immediately. The 
lordoses of the lumbar and cervical regions are slightly fl exed 
while the thoracic spine is extended. When treating the patient 

neurons specifi cally innervate the intrinsic muscles, the muscle 
spindle apparatus that act as sensors for overall muscle tonicity. 
When a gamma motor neuron stimulates a muscle spindle, such 
as a nuclear bag fi ber, the fi ber shortens in length and the stretch 
receptor, either annulospiral or fl ower spray, becomes more sensi-
tive to stretch than it was previously. Even if the overall extrinsic 
muscle is in a rest position, the length-sensing nerve fi bers of the 
muscle spindles may be sending signals back to the spinal cord, 
which in turn stimulate alpha motor neuron fi bers innervating the 
same muscles. In effect, the muscle may remain in tension even in 
a so-called neutral position and may worsen with further stretch-
ing. Bailey (5) proposed that this high gain-set of the muscle spin-
dle results in changes of the soft tissues that are characteristic of 
somatic dysfunction. Because of these aspects, FPR is an indirect 
form of osteopathic manipulation in which the patient remains 
passive throughout treatment.

Carew’s (6) discussion of the feedback mechanism of the 
muscle spindle stretch refl ex indicated that compressing muscles 
into more than the neutral position results in an inverse spindle 
output. The afferent excitatory input to the spinal cord through 
the Group Ia and II fi bers is eliminated. This results in a “qui-
eting” of the gamma motor gain to the spindle, reduction of the 
stretch stimuli, and resultant elimination of the refl ex activation 
of the alpha motorneuron. The tension and hypertonicity of the 
extrafusal muscle fi bers is reset.

Specifi c diagnosis in three planes is required for accurate treat-
ment with FPR. The primary step in the application of FPR is 
the placement of the region of somatic dysfunction into its neutral 
position. This unloads the joints and may also affect both prop-
rioceptive and nocioceptive elements. The dysfunction can then 
respond more easily and rapidly to the applied therapeutic position, 
motion, and force. For the spine, the articular facets are placed into 
an idling position between the fl exed and the extended extremes. 
A facilitating force, typically compression and/or torsion, is applied 
and maintained throughout the treatment. Generally, initial soft 
tissue relaxation is noted at this time. Using the triplanar diagnosis, 
further positioning of the somatic dysfunction is applied into all of 
the directions of relative freedom. Further easing of the dysfunc-
tion occurs at this point. This position is held for approximately 
5 seconds after which the region is restored to neutral. In prac-
tice, Dr. Schiowitz often followed neutral by bringing the dysfunc-
tion into the barrier directions and then returned the region again 
to neutral. The dysfunction is then reassessed. The tension that 
was noted in the area is most typically is gone or at least reduced. 
Joint motion symmetry increases after treatment with the FPR 
modality if the etiology or maintenance of the dysfunction is 
due to muscular hypertonicity. If the asymmetry of joint motion 
is caused by other factors, such as arthritic or other degenerative 
changes, congenital malformation, meniscoid or synovial entrap-
ment or ligamentous damage, the joint may remain restricted. 
Other modalities of osteopathic manipulation or repeated treat-
ment with FPR may be necessary to complete treatment of the 
dysfunction.

DIAGNOSIS

The diagnostic methods used to determine somatic dysfunction 
can vary. The use of FPR treatment procedures does not require 
special diagnostic tests unique to FPR. However, diagnosis is a pre-
requisite to treatment. Mennell (7) has described a method of skin 
rolling. Mitchell et al. (8) have used the coupled motion of verte-
brae as described by Fryette to conduct rotoscoliosis testing, while 
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should direct the use of any intervention with osteopathic 
manipulation. Caution but not contradiction should be used in case 
of osteoporosis, malignancy, rheumatological disorders, congenital 
malformations, stenosis, or other clinical diseases.

Generally, patients experience relief and few side effects when 
treated with FPR. As with any other treatment, there may be tran-
sient fatigue, soreness, or stiffness due primarily to restoration of 
circulation to previously dysfunctional tissue and release of mus-
cular waste products. In rare cases, the patient experiences these 
discomforts on subsequent treatments.

SUMMARY

FPR is an easily administered, nontraumatic, and effi cient tech-
nique. When it is properly performed, the patient often reports 
immediate relief of point tenderness and restoration of function. If 
complete normalization is not achieved, it can be repeated, or other 
methods of treatment can be applied immediately. This can mean 
treatments lasting a few minutes that can be easily incorporated 
into a busy clinical, non-manipulative specialist practice. Although 
primarily axial procedures have been described in this chapter, it 
is possible to use FPR for other regions of articular and soft tissue 
dysfunction.

DIAGNOSES AND TECHNIQUES

739.1-Cervical

Soft tissue treatment.

Findings
Posterior cervical muscle hypertonicity (soft-tissue texture 
abnormalities).

Patient Position
Supine on the table; the patient’s head is beyond the end of the 
table, resting on a pillow on the physician’s lap.

Procedure
1. The patient is supine and the physician sits at the head of the 

table (Fig. 52B.1)
2. The physician cradles the patient’s neck in the palm of his hand 

utilizing the hand that is on the opposite side of the dysfunc-
tional region. When treating the left side, the right hand is used. 

in the supine or prone positions, pillows can be used to attain 
approximation of neutral

3. A facilitating force is applied. This may be compression, tor-
sion, or a combination of the two. At times, traction may be 
used with or without torsion

4. The physician places the patient (patient’s musculature) into 
a relaxed position. This usually requires approximating the 
origins and insertions by further compression and/or torsion. 
Additional softening is often noted

5. The position is held for 3 to 5 seconds and then all facilitating 
forces are released

6. The patient’s condition is reevaluated. In some cases, passive 
stretch can be introduced

Intervertebral Motion Restriction Treatment

The same basic procedures are used to address intervertebral 
motion restrictions, with the additional requirement that the 
physician place the vertebra into a position that allows freedom 
of motion in all planes. For the cervical spine, the patient can be 
treated in the seated position but more frequently in the supine 
position. The thoracic and lumbar regions are typically treated in 
the seated or prone positions, but the techniques can be adapted for 
side-lying positions:

1. The dysfunction is monitored continuously
2. The lordosis or kyphosis is fl attened
3. A facilitating force, either compression, torsion, or a combina-

tion is applied specifi cally to the monitored dysfunction. Often, 
regional tension decreases immediately

4. The directions of the somatic dysfunction are added just to 
the level of the dysfunction. Further relaxation is noted. The 
sequencing can be varied depending on the skill and experi-
ence of the physician. In fact, motion into all directions can be 
applied simultaneously rather than in a stepwise fashion. Some 
clinicians have even found the treatment effective by placing 
the dysfunction into neutral, applying the directions of relative 
freedom, and then adding the facilitating force

5. The position is held for 3 to 5 seconds, the facilitating forces are 
released, and the region is returned to neutral

6. The dysfunction is reevaluated. When appropriate, movement 
can be introduced into the barrier directions

SIDE EFFECTS AND CONTRAINDICATIONS

There are few contraindications and most are relative in nature in 
the clinical application of FPR. If the patient is not able to tolerate 
the positioning or experiences discomfort, either alternative posi-
tioning of the region or alternative techniques should be used. FPR 
to the cervical region approximates a Spurling maneuver and if the 
patient experiences radicular pain, then repositioning or traction 
may be used. Lumbar techniques may put torsion into knees or hips 
that have degenerative changes or prosthetics. Performing lumbar 
discogenic treatment would be contraindicated with a patient who 
has had a hip replacement as the external rotation and torque forces 
may possibly disarticulate the joint. The same can be said for the 
use of the fi rst rib technique with patients with shoulder pathology. 
The compression and twisting involved with the treatment may 
exacerbate conditions where there are new or chronic shoulder dis-
locations or separations. Any recent history trauma of any region 
should raise suspicion of fracture or dislocation. Compression, even 
the relatively small forces used in FPR, may make a stable fracture 
unstable. Accurate diagnosis and integration of clinical knowledge 

Figure 52B-1 Cervical soft tissue technique.
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3. The physician’s other hand is placed on the top of the patient’s 
head. This hand then introduces straightening the patient’s cer-
vical lordosis by slightly fl exing the neck down to the level of the 
monitoring fi nger on C3. This is the neutral component

4. The physician’s hand on the top of the patient’s head adds a 
compressive force directed through the head to the neck until 
noted at the monitored level

5. The physician adds slight extension to the neck through the 
level of the monitored C3 while maintaining the compression

6. The relative freedom of motion of the somatic dysfunction is 
added by side bending C3 to the left by introducing a transla-
tory force to the right through your monitoring fi nger

7. Rotation of the head and neck only through the level of C3 is 
added. This places C3 into all three planes of freedom of motion

8. This position is held for 3 to 5 seconds and then the physician 
slowly returns the neck to neutral

9. The C3 motion freedoms and restrictions are reevaluated. 
Improved range of motion into the barrier directions can be 
applied

Note: If the diagnosis is fl exion rather than extension (C7 FSLRL), 
step 5 is replaced by adding fl exion through the level of C7 rather 
than adding extension. Similarly, if the diagnosis is one of right side 
bending and right rotation, the appropriate adjustments should be 
made to engage these relative freedoms.

This procedure to dysfunctions of the suboccipital area can be 
specifi cally applied to the occipitoatlantoid articulation. The fl ex-
ion or extension component can be localized by introducing a nod-
ding motion to the skull. Any further fl exion or extension of the 
cervical spine is nonspecifi c. The typical and restrictive motions of 
the occipitoatlantoid joint involves side bending and rotation in 
opposite in opposite directions. The appropriate directions of rela-
tive freedom should be used.

739.2-Thoracic

Thoracic segmental somatic dysfunction.

Findings
T6 FSLRL.

Patient Position
The patient is seated on the end of the table.

Procedure
1. The physician stands behind and to the side of the dysfunction 

to be treated (in the T6 FSLRL somatic dysfunction as in the 
current case, this is to the left of the patient) (Fig. 52B.3)

2. The physician monitors at the left T6 transverse process with 
his right hand. The palm of the hand can be used to support the 
region during the next step

3. Although FPR is a passive technique, attaining a neutral posi-
tion in the seated position requires patient cooperation. The 
patient is asked to sit up as straight as possible and push his or 
her chest forward. This will straighten the thoracic kyphosis 
and add to the initial neutral component

4. The physician places his left axilla over the patient’s left shoul-
der. This should be as close to the cervicothoracic junction as is 
possible. The physician’s forearm is placed across the patient’s 
chest and his left hand should grasp the patient’s right shoulder

5. The physician adds a downward compressive force through his 
left axilla onto the patient’s left shoulder. This both adds the 
facilitating force and introduces a localized left side bending 
down through to the level of the monitoring fi nger at T6

The pad of the index or other fi nger acts as both monitoring 
fi nger and fulcrum, on the contralateral muscular spasm

3. The physician’s other hand is placed on the top of the patient’s 
head. This hand then straightens the patient’s cervical lordosis 
by slightly forward bending the neck

4. Using the hand that is on the top of the patient’s head, the 
physician applies a compressive facilitating force to the neck, 
through the patient’s head and suffi cient enough to be appreci-
ated and to create a relaxation of the tissue noted at the moni-
tored location

5. Maintaining the compressive force, extension is introduced to 
the neck to the level of the monitoring fi nger. This should cause 
a further relaxation of the tissue being treated

6. Side bending and rotation, usually toward the side of the tense 
tissues, are added to the point that the tissues continue to soften

7. The position is maintained for 3 to 5 seconds before returning 
the neck slowly to a neutral position

8. The tissue being treated is reevaluated. A mild stretch can be 
applied into the barrier directions can be added while monitor-
ing the tissue tension

Note: If tissue changes are found anteriorly, fl exion instead is usu-
ally required. Some muscles, such as the sternocleidomastoid, have 
side-bending and rotation components in opposite directions. 
Knowledge of anatomy determines the direction that muscles 
must be placed into their individual shortened positions as deter-
mined by palpation and tissue response. Careful localization of the 
component motions of forward/backward bending, side bending/
rotation, and compression to the area of tissue texture change will 
result in faster and more effi cient results.

Cervical Segmental Somatic Dysfunction

Findings
C3 ESLRL and C7 FSLRL.

Patient Position
Supine, with the patient’s head beyond the end of the table, resting 
on a pillow on the physician’s lap.

Procedure
1. The physician sits at the head of the table (Fig. 52B.2)
2. The physician cradles the patient’s neck in the palm of his hand. 

When treating the left side, the right hand is used. The pad 
of a fi nger monitors posterior to the left articular pillar of C3

Figure 52B-2 Typical cervical C3 ESLRL left technique.
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2. The physician palpates and monitors the T6 posterior left 
transverse process with the fi ngers of his right hand

3. The physician’s left hand grasps the patient’s left shoulder. The 
patient’s entire shoulder should be held with your fi ngers placed 
on the superior and lateral portion of the shoulder

4. The patient’s left shoulder is compressed medially toward the 
spine (this fl attens the spine in the anteroposterior plane) and 
then toward the patient’s feet (this compressive force creates left 
side bending). The combination of forces creates a force vector 
that is parallel to the patient’s thoracic spine

5. Some extension of the spine is created through the level of T6 
by maintaining traction on the shoulder as the patient’s shoul-
der is lifted from the table, until motion can be palpated at the 
level of the monitoring fi ngers

6. To create greater extension, the physician stands up straighter, 
pulling the patient’s shoulder further posteriorly. This also cre-
ates some additional left rotation down through the level of T6

6. Flexion to the level of T6 is added by pulling forward on both 
of the patient’s shoulders while maintaining the side bending

7. The physician rotates the patient’s thoracic spine to the left down 
through the level of T6 by pulling the right shoulder forward

8. The position is held for 3 to 5 seconds, and then the patient is 
slowly returned to a neutral position

9. The somatic dysfunction is reassessed. Improved range of 
motion into the barrier directions can be applied

Note: If the diagnosis is extension rather than fl exion (T6 ESLRL), 
the fl exion in step 6 is replaced adding extension instead through 
the level of T6. This is accomplished by the physician pulling the 
shoulders backward. Similarly, if the diagnosis is side bending and 
rotation is to the right, the appropriate adjustments into the rela-
tive freedoms of the somatic dysfunction are made. If the somatic 
dysfunction is a neutral group curve, neither fl exion nor extension 
is used. The physician stands on the side of the curve concavity, the 
side-bending side, and monitors at the apex of the curve. Adjust-
ments are applied in order that the side bending and rotation are 
achieved in the opposite directions.

Alternative Thoracic Segmental Somatic 
Dysfunction (Extension Dysfunctions), Prone

Findings
T6 ESLRL.

Patient Position
The patient is prone, with pillows beneath the abdomen and head. 
This creates a fl attening of the thoracic kyphosis. The patient’s 
arms are placed at his sides.

Procedure
1. The physician stands at the side of the table opposite to the 

somatic dysfunction. For T6 ESLRL, the physician stands at the 
right side of the patient (Fig. 52B.4)

Figure 52B-3 Thoracic spine T6 FSLRL technique, seated.

Figure 52B-4 Thoracic spine T8 ESRRR technique, prone.

Figure 52B-5 Discogenic pain syndrome treatment.
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Position
The patient is prone, close to the left edge of the table, with a suf-
fi cient number of pillows beneath the abdomen to cause fl attening 
of the lumbar lordosis.

Procedure
1. The physician sits on a rolling stool at the (left) side of table 

of the dysfunction, with the physician’s thighs parallel to the 
table, at the level of the patient’s pelvis, facing the patient’s head 
(Fig. 52B.5)

2. The physician monitors the posterior transverse process (left) of 
the level to be treated (L4-5) with a fi nger of the (right) hand 
that is closer to the patient

7. This position is held for 3 to 5 seconds, and then the patient’s 
shoulder and thoracic region are slowly returned to the neutral 
position

8. The T6 somatic dysfunction is then reevaluated

Note: If the diagnosis is a fl exion somatic dysfunction, FPR is 
more easily accomplished with the patient in the seated position 
as described previously.

739.3-Lumbar

Discogenic pain syndrome treatment.

Findings
Left lumbar disk herniation or bulge with left radiculitis.

Figure 52B-6 Treatment for fi rst rib. A. First rib elevated on left. B. Internal rotation and fl exion introduced. 
C. Adduction and circumduction added.
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primarily as a monitoring component. The physician’s forearm 
serves as a fulcrum for some of the subsequent steps

3. The physician’s other (right) hand grasps the patient’s left 
elbow. The shoulder is fl exed to approximately 90 degrees 
and abducted slightly (10 to 20 degrees) from the vertical. 
This should be adjusted until the tissues soften maximally 
(Fig. 52B.6A)

4. A compressive force is introduced through the patient’s left 
elbow directed toward the monitoring fi nger (Fig. 52B.6B)

5. Slight further fl exion of the patient’s shoulder is introduced 
by the physician deviating the patient’s elbow more cephalad. 
This causes the patient’s forearm to abut the physician’s forearm 
and introduces some internal rotation into the shoulder. The 
absolute position should be determined by the relaxation of the 
monitored rib soft tissue

6. The position is held for 3 to 5 seconds
7. While maintaining the compressive force and the internal rota-

tion, the physician adducts and further internally rotates the 
patient’s upper arm. To complete the treatment, the physician 
circumducts the patient’s arm through a curving motion and 
back into a neutral position alongside his torso (Fig. 52B.6C)

8. The fi rst is reevaluated
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3. The physician uses his nonmonitoring (left) hand to grasp the 
patient’s (left) knee and fl ex the patient’s (left) hip and knee on 
the involved side

4. The physician places the patient’s upper leg across his ante-
rior thighs. This creates abduction and external rotation. The 
patient’s lower leg is lateral to the physician’s thighs and the 
physician grasps the patient’s (left) ankle

5. The physician localizes motion to the involved segment by mov-
ing the patient’s upper leg in a cephalad direction. It is easiest to 
do this by rolling the stool closer to the head of the table

6. The physician raises his outer (left) knee by lifting his heel off 
the fl oor. The physician pushes the lateral part of his (left) knee 
into the popliteal fossa of the patient’s (left) knee. This creates 
a traction force that can be modifi ed, as the physician further 
raises and moves his knee laterally, until motion is palpated at 
his monitoring fi nger. The physician’s knee is now at the medial 
surface of the popliteal fossa of the patient’s knee and the medial 
surface of the knee and acts as a fulcrum for the rest of the 
technique

7. The physician uses his nonmonitoring (left) hand to push 
the patient’s (left) lower leg toward the fl oor until motion 
is palpated at his monitoring fi nger. There may be a slight 
amount of tension noted at the monitored location. Often, the 
patient will state that the symptoms are reduced while in this 
position

8. The position is held for 3 to 5 seconds until there is a sudden 
release of the somatic dysfunction and then the patient is slowly 
returned to the initial position

9. The lumbar region is reevaluated

739.8-Rib

First Rib
Findings
First rib elevated on left.

Patient Position
The patient is supine.

Procedure
1. The physician stands on the side of the elevated rib. In the cur-

rent example, this is to the left of the patient. The physician 
faces toward the head of the table (Fig. 52B.6)

2. The physician places the monitoring fi nger of the hand that is 
closer to the patient (left hand for an elevated left fi rst rib) over 
the posterior portion of the elevated fi rst rib. The fi nger serves 

Progressive Inhibition of Neuromuscular Structures
DENNIS J. DOWLING52C

K E Y  C O N C E P T

In this section, emphasis is placed on decreasing tissue tonicity. Clinical symptoms are assumed to be directly related 
to increased dysfunctional tone. A steady pressure (constant mild/moderate force) is applied to regions of 
dysfunction. The relationship between musculoskeletal structures and underlying visceral organs is also considered. 
In order to achieve efficacy and accuracy, a thorough knowledge of the typical and variant courses of nerves, fascial 
bands, and muscles is required. This knowledge must be augmented by clinical decision-making skills.
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CASE STUDY

The author had headaches as a teenager and was brought by 
his parents for treatment to the family physician. Most of the 
treatments that were offered had a limited impact or had very 
undesirable side effects. Accompanying the cephalgia were 
other apparently related symptoms: a boring pain of the right 
eye; increased lacrimation; right-sided facial pain; nasal conges-
tion; and scalp sensitivity. There was also frequent suboccipi-
tal pain that appeared to be related in onset to the periorbital 
pain, although no direct connection was apparent. Eventually, 
common precipitating events leading to the symptoms were 
discerned: prolonged reading; eyestrain due to exposure to 
bright sunlight; and dehydration. There were no sensory defi-
cits. Some symptoms could occur independently and were usu-
ally worsened by stress. Having little knowledge of anatomy 
at the time, the author attempted self-treatment involving the 
application of manual pressure to various locations of the head. 
Pressing painful sites appeared to bring about only temporary 
relief when any were pressed singly. The pain could recur almost 
immediately after release of the pressure. Adjacent regions of 
the scalp also developed sensitivity during or after release of 
pressure. Eventually, some patterns appeared to develop as 
these secondary and even subsequent points became unmasked. 
The most successful approach appeared to be the sequential 
treatment of a series of points.

Much later, as an osteopathic student and physician, the 
author began to integrate osteopathic manipulative medicine 
theory along with personal clinical observations in the utilization 
of treatment of these apparently linear patterns. The method 
of self-treatment was converted into a treatment modality and 
taught to other students of osteopathy. Gradually, the rationale 
as well as further expansion of use of this specialized inhibitory 
technique beyond treatment of headaches became clearer (1). 
Some similarities and differences were noted in relationship 
to other manipulative methods of point or applied pressure 
techniques.

INHIBITION

Progressive Inhibition of Neuromuscular Structures (PINS) is 
most closely related to the osteopathic modality of inhibition. The 
Glossary of Osteopathic Terminology states that inhibition is “…a 
term that describes steady pressure to soft tissues to effect relax-
ation and normalize refl ex activity” (2). The “steady pressure to soft 
tissues” is perhaps one of the oldest methods of manual treatment, 
regardless of the name applied. Classically, inhibition is a constant 
mild-to-moderate amount of force exerted by the fi ngers, elbow, 
knee, or even foot on regions of hypertonic muscle. Even though 
the patient’s presenting complaint may be of pain or decreased 
function, the objective of the treatment is to decrease the tonicity 
of the tissues. Any symptoms that the patient has are assumed to 
be directly related to this increased dysfunctional tone (3). Larger, 
more superfi cial muscles are the most easily identifi ed whether they 
are in the normal-relaxed or hypertonic states. Regional muscles 
can be selected and treated individually or in pairs. Typically, the 
patient is treated in either the supine or the prone positions. This 
may facilitate the process by reducing the use of some muscles for 
positional support of the trunk and neck. As an example, the trape-
zius, can be easily located in the cervical, shoulder, and upper tho-
racic regions. Some portion of the muscle can be grasped, pressed, 

or pinched. A hypertonic muscle is commonly found to be fi rmer 
than the same muscle on the opposite side of the body and per-
haps more than its antagonist. This fi nding, and perhaps greater 
sensitivity or tenderness, are noted as the pressure is introduced. 
As long as the applied pressure remains constant, the structures 
should refl exively relax. Attempts should be made to avoid alter-
ing the position or amount of pressure, as these will more likely be 
stimulatory.

In regard to inhibition, the relationship between musculosk-
eletal structures and the underlying visceral organs should also be 
considered. These organs receive innervations from the same spinal 
cord segment levels that service the skin, bones, joints, ligaments, 
and muscles. The sympathetic chain lies just anterior to the rib 
heads and dysfunction of the vertebral or rib joints may result in 
increased stimulation to related structures, visceral, and musculo-
skeletal (4). Acute responses to increased sympathetic activity are 
the same as to any new injury: redness (rubor), pain (dolor), swell-
ing (tumor), heat (calor), and decreased function (funcio laesa) (5). 
More superfi cial structures such as the skin and subcutaneous tis-
sue may have a “doughy” consistency and the pain noted by the 
patient would be typically sharp and throbbing. Chronic sympa-
thetic hyperactivity in the absence of adequate treatment and/or 
recovery demonstrates altered signs and symptoms: the muscles 
may feel fi brotic (“ropy”); the skin is thinner, paler, and cooler; and 
pain responses can range from relative insensitivity (“anesthetic”) 
to altered sensitivity (“paresthesia”) to hypersensitivity. The pres-
sure provided by the application of a modality, such as inhibition, 
may result in a transitory increase in the palpatory fi ndings or 
symptoms followed by reduction of some or all of these compo-
nents can be readily appreciated. When the visceral organs are the 
primary dysfunction, the persistence or recurrence of a musculosk-
eletal somatic dysfunction may indicate the viscerosomatic refl ex. 
When a musculoskeletal injury is the etiology, manipulative treat-
ment may result in a more persistent reduction or elimination of all 
pathological components.

Inhibitory techniques have a different visceral focus in the sub-
occipital and sacral regions. Rather than a sympathetic effect, the 
parasympathetic system predominates. Somatic dysfunction of the 
upper cervical, occipital, and sacral regions may refl ect or result in 
prolonged inappropriate parasympathetic activity. Inhibitory treat-
ment results in reduction of increased regional musculoskeletal 
tone and congestion, and theoretically downregulates the more 
internal mechanisms.

A thorough understanding of the structure and function of all 
of the factors related to somatic dysfunction is necessary in guiding 
accurate treatment with Inhibitory and PINS treatments. When 
correlated with somatic dysfunction fi ndings, treatment patterns 
may be moved about several locations with the intent upon reduc-
ing all of the relevant dysfunctions.

When Andrew Taylor Still was a young man suffering from 
chronic headaches, he treated himself with a rope-swing by lower-
ing the rope to a few inches above the ground. A blanket was slung 
across it and he positioned his neck with the base of the skull on 
this support and subsequently fell asleep. He awakened refreshed 
and pain-free. Whether intentionally or inadvertently, his self-
treatment appears to represent an inhibitory treatment as much 
as a positional intervention (6). Despite an aversion to defi ning 
specifi c types of treatment in his writings, Dr. Still included some 
descriptions of both inhibition and stimulation methods (7).

Some of Dr. Still’s early students likewise described inhibi-
tory techniques as well as a rationale for their use. In his book, 
A Manual of Osteopathy, Eduard Goetz, D.O., described and 
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the region in neutral. Strain-counterstrain is a form of positional 
release while FPR utilizes an additional facilitating force. Both 
strain-counterstrain and FPR theoretically utilize the same neu-
rophysiological mechanism, the muscle spindle. Richard Van Bus-
kirk, Ph.D., D.O., F.A.A.O., also attributes the muscle spindle 
as the core activator that is treated by the Still technique (14). It 
shares many similar applications to strain-counterstrain and FPR. 
Based on his recovery of components of the technique on the writ-
ings of Charles Hazzard, D.O., (15) as well as Dr. Still himself, 
Dr. Van Buskirk describes the technique as initially utilizing the 
palpatory diagnosis of dysfunctions to place the region into the 
freedoms. Finally, the osteopathic physician introduces movement 
past the neutral point into the barrier directions. This low-velocity, 
relatively low-amplitude articulatory movement toward the barri-
ers follows the positional treatment into the freedoms.

In the spinal regions, functional technique (16) utilizes diag-
nostic points to defi ne the somatic dysfunction that exists at that 
level relative to its two adjoining vertebrae, the one above and the 
one below. Detection of somatic dysfunction is typically made by 
percussion and more specifi c testing to scan and screen the regions. 
Elaine Wallace, D.O., developed Torque unwinding, (17) she uti-
lizes constructs whereby the body is imagined as a collection of 
adjacent or overlapping cubes. Theoretically, injuries direct forces 
into a whole “cube” that is typically in a state of torsion during the 
process. When the patient is twisted, the initial vector force may be 
straight, but the resultant pathway becomes arched or more twisted 
as the person and region straightens. In this manner, the fascia acts 
more colloid-like with disruption and a tissue memory of the force 
in the form of adaptation. Torque unwinding treatment involves the 
introduction of oscillating rhythmic balancing pressures directed 
centrally from two diametrically opposed theoretical cube faces. 
The intent is for the therapeutic forces to counteract the residual 
traumatic ones. Other variations of myofascial or fascial release 
techniques (18,19) that utilize point contacts as references, contact 
points, and/or diagnostic refl ections occur in the osteopathic lit-
erature. Trigger band technique, as described by Steven Typaldos, 
D.O., (20) is a method of treating the pathological crosslinkages of 
fascial bands by exerting deep pressure along certain connective tis-
sue pathways. Chaitow (21,22) describes neuromuscular technique 
that consists mostly of point localization and pressure followed by 
deep stroking and/or rolling of the tissue.

Chapman’s point treatment (23) refl ects a neurological/endo-
crine/lymphatic alteration refl ected to specifi c points on the surface 
that should raise suspicion of a possibly latent visceral correlate. 
Some of the specifi c mapped points are similar in location and cor-
relation to those of acupuncture.

Nonosteopathic Point and/or Pressure Systems

Cyriax method (24), Trigger point therapy (25,26), acupressure 
(27,28), refl exology, Rolfi ng, and Shiatsu (29,30) bear some simi-
larities to typical inhibition and stimulatory techniques. The prac-
titioner provides the treatment in each by pressing the patient’s 
soft tissue.

The British medical orthopedist James Cyriax, M.D., practiced 
joint mobilization and massage and utilized a pinching technique 
on several locations. Trigger point therapy, developed by Janet 
Travell, M.D., maps out the relationship between a remote refer-
ral region and a damaged myofascial nexus. The methods of treat-
ment can include manual pressure, dry needling, or a combination 
of anesthetic and/or steroid agents injected into the trigger point. 
A vapocoolant spray can be directed from the trigger point toward 
the referral zone in another form of the treatment. An apparent 

illustrated Readership will be largely nonosteopathic, so we must 
not assume familiarity with Still so a brief background as to who 
he was would be helpful if you wish to keep this reference in inhi-
bition for various conditions, both somatic and visceral (8). The 
accompanying photographs in this small handbook clearly demon-
strate and detail inhibitory treatment of several regions. Of special 
note are the orbital and suboccipital regions of the head. A few 
minutes of pressure applied individually to each of these points was 
recommended.

A more extensive description appears in The Principles of Oste-
opathy by Dain L. Tasker, D.O. (9). Dr. Tasker described the ratio-
nale as to the effectiveness of inhibitory techniques, especially since 
inhibition appeared to be a natural phenomenon. Bodily functions 
such as defecation and urination could not come under conscious 
and unconscious control without the adapted or learned ability to 
perform inhibition. In discussing the effectiveness of externally 
applied inhibitory pressure directed toward decreasing hyperactiv-
ity, as is applied by an osteopathic physician, he stated that it is not 
the surface pressure that is effective but the initiation or alteration 
of the refl ex arc that subsequently occurs. The initial response to 
the placing a pressure is, in effect, a form of stimulation since it 
is impacting on the soft tissue. However, steadily applied pressure 
results in a diminution of the stimulation and a resultant inhibi-
tion of the region sets in motion a lessening of the dysfunction. 
These may bring about some alterations both deep to and distant 
from the location of the applied pressure. In citing Hilton law “that 
the skin, muscles and synovial membrane of a joint, or the skin, 
muscles of the abdomen and contents covered by peritoneum, are 
innervated from the same segment of the cord,” Tasker states that 
the “overstimulation” caused by inhibition results in diminution or 
elimination of the overreactivity.

An Expansion of His Rationale Here Would Be Good

Osteopathic Point and/or Pressure Techniques
Many types of passive direct and indirect systems of osteopathic 
treatment of somatic dysfunction exist. Some standard points and 
diagnoses are used as fulcrums and/or monitoring locations in prac-
tically all of these modalities. Constant palpation at these points 
is one of the best means for an osteopathic physician to experi-
ence feedback and monitor the success of the treatment when per-
forming Jones’ strain-counterstrain treatment (10–12). Often, the 
patient can likewise appreciate the alteration. The muscle spindle 
sensory organ is embedded into the larger extrafusal muscle. The 
sensory ends of nerve fi bers to these small muscles are stimulated 
by stretch of any kind, whether it is static or dynamic. The result 
is a single spinal segment increase in alpha motorneuron activity, 
which results in contraction of the whole extrafusal muscle. As a 
means of preventing overstretching of the soft tissue, it is quite 
successful and should decrease as soon as the danger retreats. How-
ever, if the region is underprepared or overwhelmed, the refl ex can 
persist longer than is appropriate. The signals from the spindle 
continue to fi re as if the tissue were being too rapidly stretched or 
overstretched even though the overall length of the muscle may 
be normal or relatively short. The sensitivity of a “tender point” 
refl ects increased underlying activity. The external pressure at the 
tender point often elicits the complaint while the positioning dur-
ing strain-counterstrain technique shortens the whole muscle. This 
allows the spindle refl ex mechanism to be reset and the sensitivity 
disappears.

Facilitated positional release (FPR) (13) is similar in many 
respects to strain-counterstrain. It differs in its use of an activat-
ing force, usually compression or torsion, after initially positioning 
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at the palpated areas. As the treatment proceeds, the osteopathic 
physician takes note of the tissue changes that occur, as well as 
the integration of the patient’s subjective experience. PINS can be 
used before or after other methods of treatment, manipulative or 
otherwise, as part of a comprehensive treatment regimen.

Procedure

The development of an appropriate and specifi c diagnostic and 
treatment protocol using PINS requires the following:

 1. In most cases, the patient should be lying supine or prone. 
This is to allow postural muscles to be in a fairly relaxed state. 
However, treatment can be done with the patient seated or 
standing in some regions of the body

 2. The osteopathic physician stands or sits near the region to be 
treated. The fi ngers of both hands should be able to contact 
the patient comfortably and accurately

 3. Examine the patient. Determine any relationship between the 
patient’s symptoms, somatic dysfunctions, and the soft tissue 
fi ndings

 4. Determine the components of the somatic dysfunction. The 
mnemonic “S-T-A-R” (34) can be used to track the different 
aspects:
(a)  Inquire about [S] Sensitivity changes. These are the 

patient’s subjective responses to palpation. These can 
include tenderness, numbness, radiation, warmth, irrita-
tion, throbbing, etc

(b)  Locate [T] Tissue texture changes. They can be chronic 
(prolonged blanching of the skin, ropy or fi brous tex-
ture of the muscles and fascia, coolness, dryness, vascular 
changes) or acute (increased redness, swelling and edema, 
moist, and/or increased temperature). Palpation may ini-
tially worsen this component

(c)  [A] Asymmetry can be noted by visual inspection or by 
palpatory examination. The so-called nondysfunctional 
side is used as the standard of expected form. Theoreti-
cally, an imaginary line down the middle of the body 
should reveal symmetry of one side to the other in a non-
dysfunctional condition

(d)  Perhaps the most important determinant of somatic dys-
function is [R] Restriction of Motion. Restriction can be 
by quantity (number of degrees of motion), quality (i.e., 
stiffness, tremors, cogwheel rigidity, extraneous move-
ment, etc.)

 5. The site of subjective complaints of pain can be deceptive and 
may not help in the actual localization of the etiology. As an 
indicator that there is a problem, pain is fairly reliable. Tight 
muscles on one side may be relatively pain free while the con-
tralateral stretched muscles may be more “attention-seeking.” 
Symptoms may distract treatment from the more needy loca-
tions. Pain, or any other symptom, tells that there is a problem 
but may or may not correlate with the dysfunction

 6. Locate a “primary sensitive” point by examination of the tissue 
in the region of the patient’s complaint. If a signifi cant one is 
not found, then knowledge of anatomical relationships is used 
to widen the search to adjacent areas

 7. Using knowledge of anatomical structures, another point is 
located. This may be designated as the “end point” for PINS 
treatment purposes. It is located either distally or proximally 
to the primary point in a structure that links the two points. 
Having a thorough working knowledge and understanding of 
muscle origins/insertions, nerve and vascular pathways, and 
ligamentous attachments is a good beginning in determining 

variant of the trigger point concept, Bonnie Prudden Myotherapy, 
consists of primary points, as well as satellite points. Both types of 
points are treated for short intervals several times per day over sev-
eral sessions (31,32). Stretching may also be incorporated in either 
Bonnie Prudden myotherapy or trigger point therapy.

Acupressure utilizes surface points that represent refl ections 
of energy or chi forces within the body aligned along meridians 
by specifi c point locations. The technique generally involves the 
application of pressure as well as circular motions. When treated 
with acupuncture needles, the practitioner may also burn incense 
or apply electricity to the outer tip of the acupuncture needles.

Ida Rolf, Ph.D., developed the eponymous system, Rolfi ng (33). 
Sometimes known as “Dr. Elbow,” because of her use of that region 
to apply pressure, she proposed utilizing deeply applied forces on 
regions of the body. The actual amount of force applied in this 
modality exceeds that which is commonly employed in osteopathic 
inhibition. There is a great deal of emphasis placed on approxi-
mating ideal symmetry and alignment. Followers of Dr. Rolf made 
some alterations to the technique and integrated them into other 
modalities involving movement patterns (Hellerwork, Aston-
Patterning).

One of the oldest forms of manual therapy, Shiatsu, attempts to 
reduce the amount of the tissue tension present. Although typically 
brief in duration, the amount of force can be quite intense. Specifi c 
treatment patterns are utilized for certain conditions. Refl exol-
ogy also relates energetic or visceral components to resonant areas 
located on the hands, feet, and ear. As with acupuncture, the name 
of the organ is related more to a theoretical functional contribution 
to the integrity or energy component of the organ than the actual 
physical structure of the viscera.

PINS Method

PINS requires an osteopathic physician’s capability to utilize ana-
tomical and clinical knowledge to determine involved structures 
and sequence of treatment in the localization of points and the 
application of pressure in a logical fashion to treat persistent or 
resistant dysfunction. The osteopathic physician must have a thor-
ough knowledge of the typical and variant courses of nerves, fascial 
bands, and muscles and augmented by clinical decision-making 
skills for effi cacy and accuracy. This may involve the treatment of 
contiguous muscles, addressing the overlapping zones where more 
than one involved nerve, muscle, or fascial tissue may be contribut-
ing to the persistence of somatic dysfunction, and the development 
of a sequencing of PINS treatment. It is not as simple as locating 
a single sensitive point. Any patient can point to a location that 
hurts or that is sensitive to pressure. Shoulder pain can originate in 
the glenohumeral joint and specifi c treatment can be successful in 
increasing mobility and decreasing discomfort. However, when that 
is unsuccessful, more of the same treatment may not be the answer 
and this may prove frustrating to both the patient and the doctor. If 
the restrictions of motion of the shoulder involve the combination 
of fl exion, abduction, and external rotation as well as reduction of 
scapulothoracic motion with freedoms in the opposite directions, 
the latissimus dorsi may be in spasm. It attaches in the bicipital 
groove of the humerus, pulls the arm into extension, internal rota-
tion, and adduction, the motions directly opposite the restrictions. 
Treatment may have to go beyond this focus by including the upper 
ribs, pectoralis muscles, lower cervical spine, clavicle, thoracic spine, 
lumbar spine, pelvis, and lower extremity in the process. Fascial 
planes, and therefore fascial stresses, must also be considered.

In PINS, patients can offer feedback. They participate in the 
treatment by describing the amount of pain or other sensitivity 
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primary point is addressed as the “fi rst point.” Both you and 
the patient can consider the other point, which is found on 
the other extreme, as the “end point.” Table 52C.1 provides 
examples of primary and end points

10. Determine a muscular, fascial, and/or neurological pathway 
between the primary sensitive point and the end point. The 
line may be curved rather than straight. The direction of treat-
ment may be from distal to proximal, medial to lateral, ante-
rior to posterior, or vice versa

11. An understanding of the connection between the two points 
using knowledge of anatomy is necessary, especially

 (a) Nerve innervation:
   (i)  Direct connections (The connection of a point near 

the antecubital region of the elbow to a point along the 
middle of the forearm near the wrist-median nerve.)

    (ii)  Consider overlap or “watershed regions” of innerva-
tion. (The ophthalmic division of the trigeminal nerve 
travels from the supraorbital notch over the frontal 
region and to the top of the head.) The greater occip-
ital nerve exits the suboccipital region in the occipital 
sulcus and travels over the occiput to the top of the 
head. They overlap in the scalp is near the vertex

 (b) Muscle origins and insertions:
   (i)  Typical (A sensitive point may be found at the medial 

aspect of the clavicle and another found at the mas-
toid process representing involvement of the sterno-
cleidomastoid muscle.)

   (ii)  Overlap (The location of a sensitive point on the 
superior anterior chest may involve intercostals mus-
cles, pectoralis major, and/or pectoralis minor.)

  (iii)  Contiguity (The tensor fascia lata and iliotibial band 
actually form a continuity for two possible tender 
points located, respectively, at the greater trochanter 
and the fi bular head. If a terminal point was actu-
ally found near the lateral malleolus instead of the 
fi bular head, then there might be a tensor fascia lata, 
iliotibial band, peroneal muscle connection.)

 (c) Fascia:
   (i)  Specialized (Interosseous ligaments are actually 

specialized fascia connecting the radius and ulna in 

this pair of points. If the primary point is at a muscular origin, 
the end point may be at the insertion, or vice versa. Some-
times, one or the other point is located in the belly of the mus-
cle. In that case, exploration of both ends of the attachments 
to bone may reveal the location of an end point. Ligaments, 
which are generally shorter and more fi brous, have points that 
are probably also fairly close to one another. Keep in mind 
that fascia encompasses all structures and the path between 
one point and another may seem to cross other structures. The 
more specialized the fascia, the more palpable and tendinous 
it is. Tracing superfi cial and deep pathways of nerves is useful 
when determining paths that apparently do not correlate with 
the other structures. Primary and end points may be found 
where a nerve passes out of a foramen, between or through 
muscles, or around bony protrusions. Sometimes, if more 
than one nerve innervates a region, the primary point can be 
found at the beginning of one nerve and the end point at the 
beginning of the other. In the case of nerve distribution of 
an extremity, one point will typically be found closer to the 
body, while the other will be closer to the end of the extrem-
ity. There are no exhaustive maps of points and sensitive point 
locations. There is no substitution for an excellent working 
knowledge of anatomy. The designated primary point will 
most likely be nearer to the patient’s symptoms. The end point 
may also elicit the patient’s presenting symptoms but usually 
to a lesser extent. Since the entire structure is in dysfunction, 
all intervening points between the primary and the end points 
must be addressed. In any case, the fi rst steps are to make 
a determination of the two ends of the pattern. A patient’s 
complaints of apparently unrelated regions of the body being 
related may give a clue as to the location of some components. 
Assuming that their knowledge of anatomy is small, it is left 
to the osteopathic physician to draw the conclusions necessary 
to begin treatment

 8. Determining the two points is obviously critical to the out-
come and this process of selection needs to be very clear—
other than the supraorbital point described below

 9. For the purpose of proceeding in a logical fashion, the point 
that is more sensitive is designated as the “primary.” To put 
this in more easily understood language for the patient, the 

T A B L E  5 2 C . 1

Primary Points, End Points, Connections, and Clinical Conditions

Primary Point Endpoint Connection Clinical Condition

(a) Supraorbital notch Suboccipital region Frontalis-occipitalis muscles
Trigeminal-greater 
occipital nerves (Fig. 52C.1)

Tension
Headache
Chronic daily headache
Migraine headache

(b)  Superior medial scapular border Base of occiput Levator scapula (Fig. 52C.2) Cervicalgia
(c)  Greater trochanter of femur Fibular head Iliotibial band (Fig. 52C.3) Hip pain

Knee pain
(d) Sternum at second rib Coracoid process Pectoralis minor (Fig. 52C.4) Chest pain
(e) Gluteal region Greater trochanter 

popliteal region
Piriformis muscle (Fig. 52C.5)
Sciatic nerve (Figure 52C.6)

Hip pain
Sciatica

(f) Xiphoid process Pubic ramus Rectus abdominus (Fig. 52C.7) Abdominal pain nausea
(g) Antecubital region Wrist Median nerve (Fig. 52C.8) Carpal tunnel syndrome

Double crush syndrome
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the arm, and the fi bula and tibia in the leg. Consider 
their involvement if a pattern appears to overly their 
locations.)

    (ii)  Septums (Even though it is mostly muscular, the dia-
phragm has fascial components including the central 
tendon and crus of the diaphragm. It supports and 
separates. Points found around the lower costal car-
tilage, the 12th rib, and T10-12 and may represent a 
diaphragmatic involvement.)

  (iii)  Overlaps (The common thoracolumbar fascia in the 
back acts as an attachment for muscles such as the 
latissimus dorsi and overlaps muscles such as the 
quadratus lumborum, iliocostalis, and other erec-
tor spinae muscles.) Points may be found anywhere 
within the region and may extend to the lateral 
edge of the 12th rib (quadratus lumborum) or even 

A B

Figure 52C-1 Primary point: supraorbital notch; endpoint: suboccipital region; connection: frontalis-occipitalis 
muscles (A), trigeminal-greater occipital nerves (B).

Figure 52C-2 Primary point: superior medial scapular border; 
endpoint: base of occiput; connection: levator scapula.

Figure 52C-3 Primary point: greater trochanter of femur; endpoint: 
fi bular head; connection: iliotibial band.
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to the bicipital groove of the humerus (latissimus 
dorsi).)

 (d) Ligamentous attachments:
   (i)  Typical (The attachments of either end of the col-

lateral ligaments in the elbow and knee can be 
considered.)

    (ii)  Relationships to muscles (Specifi c points can be 
found on the superior or lateral C7 spinous process, 

Figure 52C-4 Primary point: sternum at second rib; endpoint: 
coracoid process; connection: pectoralis minor.

Figure 52C-5 Primary point: gluteal region; endpoint: greater tro-
chanter; connection: piriformis muscle.

Figure 52C-6 Primary point: gluteal region; endpoint: popliteal 
region; connection: sciatic nerve.

Figure 52C-7 Primary point: xiphoid process; endpoint: pubic 
ramus; connection: rectus abdominus.
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overall nutrition to the surrounding tissue. It should 
also be noted that the sympathetic nerves travel with 
and modify the constriction of the arteries such as 
occurs in Raynaud’s syndrome and complex regional 
pain syndromes.)

  (ii)    Veins (The superfi cial veins often travel with struc-
tures such as the nerves. However, care should be 
taken when addressing vascular structures with PINS 
or inhibition as there are the possibilities of thrombi 
and/or phlebitis.)

12.  Press both the primary point and the end point simultaneously 
using the pad region of a fi nger on each hand (Fig. 52C.9). 
(Again, for the sake of simplicity, identify the primary point as 
the “fi rst point” for the patient.) The pressure exerted is a few 
ounces. It should be enough to elicit the patient’s symptoms 
and should be applied equally on both points. The patient may 
experience a mild to moderate increase in sensitivity initially. 
Also, note the soft tissue response to the initial pressure:

 (a)  Acute dysfunctions may be more sensitive than chronic 
ones. A muscle that has been hypertonic will usually be 
more sensitive to pressure than the same muscle on the 
contralateral side

 (b)  Chronic hypertonic muscles will usually be larger than 
those on the contralateral side:

  (i)      Larger muscles do not necessarily indicate dysfunc-
tion. Asymmetric use, where there is preference with 
one side being used more, will result in the dominant 
side becoming typically larger. An enlarged muscle 
does not necessarily mean that there is a dysfunction

and the base of the occiput may represent spinalis 
muscles or the nuchal ligament.)

  (iii)  Relationships to nerves (The fl exor retinaculum and 
palmar aponeurosis of the hand are related to the 
median nerve in the forearm. These, in turn, are 
related to attachments with at least four (pisiform, 
hamate, scaphoid, and trapezium) of the retinaculum 
as well.)

 (e)  Bones (They and their components should be considered 
as connective tissue as well.):

   (i)  Construction of joints (Joint capsules connect two 
or more bones. At the elbow and the knee, the cap-
sules are stronger and reinforced on their medial and 
lateral surfaces by collateral ligaments. The anterior 
and posterior surfaces are relatively weaker and may 
tighten or loosen in one extreme of motion or the 
other. Points may occur in the middle of the capsule 
and at the bony attachments.)

    (ii)  Lever action (Muscle tendons and ligaments attach 
to bony prominences. Because of the forces placed 
upon them, they enlarge into tubercles, trochant-
ers, and other processes. Points located at tendinous 
insertions may theoretically also represent a contri-
bution from the bony attachments.)

 (f)  Vascular (They and their components should be consid-
ered as connective tissue as well.):

   (i)  Arteries (Some large arteries travel long distances 
within the extremities and are responsible for the 

Figure 52C-8 Primary point: antecubital region; endpoint: wrist; 
connection: median nerve.

Figure 52C-9 Press both the primary point and end point simulta-
neously using the pad region of a fi nger on each hand.
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    (i)  Relieve the pressure from the fi rst (primary) point 
and then remove it entirely

   (ii)  Maintain constant pressure on the new, second 
(secondary) sensitive point for an additional 20 to 
30 seconds

  (iii)  It is not necessary to wait for the sensitivity at any 
point to be completely abated before moving on to 
the next point. It is more important that each subse-
quent point is more sensitive than the prior one.

   (iv)  There can be both increased tension and sensitivity 
in the new secondary point. With practice, the “sec-
ondary” points can be located by palpatory sense of 
tension alone. A return to a lower level of sensitivity 
and response baseline usually occurs after a few sec-
onds. The amount of time depends on the soft tissue 
response

 (c)  Certain points may require further inhibition before prog-
ress can be made. After doing so, a new secondary point 
may be located where previously there was less sensitivity. 
If the original or a subsequent “fi rst point” persists as the 
more sensitive of the two points:

    (v)  Maintain pressure at the location of the primary 
point for an additional 20 to 30 seconds; and/or

    (vi)  Move the fi nger that was locating the secondary 
point more laterally or medially from the connecting 
line. A located new secondary point should have at 

  (ii)  Whether dysfunctional or not, frequently used muscles 
or ones in chronic dysfunction may not be quite so sen-
sitive to pressure. This may be due to the chronicity of 
usage and histological alterations

 (a)  Both sides can be simultaneously dysfunctional. One side 
may be more symptomatic than the other. The more dys-
functional tissue should be treated fi rst and then the other 
is reexamined, and then treated as well, if necessary

 (b) A fi rmer muscle is probably in greater dysfunction
13.  Exert the same amount of pressure on both the primary and 

end points:
 (a)  Patients may assume that the point that a more sensitive 

location is being pressed harder. They should be reassured 
that the reason for the asymmetry is the greater dysfunc-
tion or hyperactivity of the involved tissue

 (b)  Patients may direct the practitioner that they can tolerate 
greater pressure. This does not accelerate the treatment. 
It is not necessary to increase the amount of pressure and 
may even be counterproductive

 (c)  Pain or tenderness may not be the only sensations experi-
enced due to the applied pressure. The patient may report 
other sensations. They can occur alone or in combination 
with pain

14.  Maintain constant pressure on the location of the end point 
throughout the treatment. Initiate pressure on the point with 
greater sensitivity (primary point). Request that the patient 
report what they are feeling. When inhibition is utilized prop-
erly, any increase in sensitivity at a sensitive point will most 
probably be transient. There is also a typical rapid decrease in 
sensitivity as the tissue accommodates to the irritation of the 
inhibition. Ultimately, it may totally disappear. The duration 
can vary from several seconds to minutes

15.  Maintain contact with the primary point for 20 to 30 seconds 
before seeking any subsequent points:

 (a)  One fi nger remains on the primary point and another fi n-
ger of the same hand is used to locate a “secondary point.” 
If the middle fi nger is on the primary point, then the index. 
fi nger is used to palpate the secondary point (Fig. 52C.10)

 (b)  The search for a secondary point begins approximately 
2 to 3 cm away from the primary point along an imaginary 
line connecting the primary and end points. This will typi-
cally follow the predicted course of an anatomical structure 
(innervating nerve, along the direction of the muscle fi bers, 
bone, blood vessel, or following fascial planes). Because of 
the variable nature of the structures, the actual location 
of a secondary point may be along an arc that occurs 2 to 
3 cm into the direction of the endpoint

 (c)  Identify the secondary point as “the second point” for the 
patient

16.  Exert equal pressure onto both the primary and the second-
ary points while maintaining the constant pressure on the end 
point

17.  Request that the patient determine which of the two points 
(primary vs. secondary or “fi rst vs. second”) is more sensitive:

 (a)  To make it simpler for the patient, a phrase such as, “I am 
pressing on two points that are close together. Please tell 
me which of the two, the “fi rst” or the “second” is more 
sensitive,” can be used

 (b)  Give example of the dialogue—what does the practitioner 
say to the patient? (“I am going to press on another point, 
close to where my right middle fi nger is pressing now, and 
I want you, etc.) If the second point is more or equally 
sensitive as compared to the fi rst:

Figure 52C-10 One fi nger remains on the primary point. Use 
another fi nger of the same hand to locate a “secondary point.” If 
the middle fi nger is on the primary point, then use the index fi nger 
to palpate the secondary point.
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some treatment reactions can include transient soreness, aches, 
and fatigue. In some patients who are prone to bruising, or 
when there are certain other predisposing factors (i.e., medi-
cation), ecchymoses may occur. If excessive pressure has been 
used, it can also occur. Generally, all such side effects resolve 
in 24 to 48 hours

Possible Mechanism of Action. One of the important components 
of that distinguishes inhibitory contact from a stimulatory one is 
the use of a low level, but constant, amount of pressure applied to 
a dysfunctional tissue. A contact of this type may initiate accom-
modation or habituation over time even though the initial effect 
may be irritating. The patient may be acutely sensitive at fi rst with 
complaints of increased pain, sensitivity, pressure, or some other 
sensation. These reactions decrease and may disappear altogether 
as the system adapts (35). Part of this reduction in awareness may 
be from the screening mechanisms provided by the reticular for-
mation. The body accommodates to other stimuli, such as the 
relative nonawareness of body contact with eyeglasses, tight belts, 
stiff clothing, uncomfortable shoes, as well as constant background 
auditory and visual stimuli. This sensory fi ltering process may also 
involve the spinal cord acting as a mediator or as a “brake” when 
sensory overload (36) occurs. Some stimuli remain relatively sub-
liminal if not of suffi cient quality, duration, or quantity.

Some effects may include pressure or contact as a counterir-
ritant. Instead of actually inhibiting they act as stimulation to the 
neighboring tissue, thus reducing the sensitivity of the original 
tender point. Scratching in the region of an itch would be one 
such example. Rapid conducting large nerve afferents gate trans-
mission in the dorsal horn of the spinal cord with collateral fi bers 
in the substanstia gelatinosa or adjacent interneurons inhibiting 
the transmission of pain to the central nervous system via the spi-
nothalamic tract (37).

Relative ischemia has also been proposed as a theory. Muscle 
maintained in prolonged contraction produces metabolites and 
waste products from the local tissue damage (38). Impaired circu-
lation also occurs concomitantly with hyperemia and congestion. 
Some of the substances also have vasoactive effects, which theoreti-
cally address tissue injury. Trophic and fi brotic changes may occur 
if the injury persists. Normally, the overlying skin shows a brief 
blanching followed by redness. This typically fades when normal 
but may persist when the tissue is damaged for a prolonged time. 
It appears that the use of therapeutic pressure may add tempo-
rarily to the ischemia. This does not initially make intuitive sense 
when considering the amount of nutrient deprivation. However, 
the increased ischemia may reduce the capacity of the nocicep-
tive receptors to process information. Hyperemia may also occur 
once this pressure is removed, resulting in the fl ushing of the waste 
products from the location.

A muscle in dysfunction may appear to be in its neutral posi-
tion but may still be hypertonic. Further stretch from the relatively 
shortened length increases activity of the muscle spindle mecha-
nisms and will result in a refl exive and prolonged contraction. This 
is a means of protection (39,40–42). Slow stretching of the type 
applied during inhibition introduces a gentle stretch while allowing 
the resetting of the stretch receptors (43). Only a small amount of 
the tissue may be challenged without upsetting the whole structure. 
Once the small, localized component is overwhelmed, any affected 
adjacent area can subsequently be inhibited with similar results. 
Inhibition in general, and PINS in particular, may be very effective 
methods to deal with a series of irritated pieces. The osteopathic 
physician may treat the entire dysfunction by progressively treating 
all of the involved elements.

least the same sensitivity, if not more, as the primary 
point. (The anatomical structure, whether muscle, 
nerve, or fascia, which is being inhibited, may have 
slight variations in the specifi c course in this indi-
vidual.)

   (vii)  Once a secondary point, that is equally or more sen-
sitive, is located, relieve pressure from the primary 
point and maintain on the new secondary point as 
described above

   (viii)  The secondary point then becomes the new “fi rst” 
point in the continuing sequence of treatment 
toward the endpoint

18.  Inhibit the endpoint with constant pressure with a fi nger of 
the other hand throughout. The patient will often forget that 
this point is being treated. As the anchor for the dysfunctional 
tissue, continuous treatment is necessary. It may lose sensitiv-
ity during the course of treatment

19.  Repeat the process until an ultimate “second” point is located 
2 cm from the end point

20.  Once the two fi nal points have been treated with inhibition, 
determine the amount of dysfunction that persists, especially 
at the endpoint location. It may have become signifi cantly 
reduced or may disappear totally

21.  All of the intervening points are part of the dysfunction. This 
is the reason that there can be persistence of symptoms when 
the area of the primary point (chief complaint) is treated 
by another method. It is not so much that it is not a part of 
the problem but rather one component in a “reverberating 
circuit.”

22.  Occasionally, pressure on one of the intervening points 
between the primary and end points results in a recurrence 
of the chief complaint, radiation of symptoms from this point 
toward the endpoint, the primary point or both. This is actu-
ally a good indication of the continuity of the dysfunction and 
the need for this thorough treatment

23.  Another modality of treatment can be used if the dysfunction, 
including the endpoint, remains persistent. The endpoint and 
overall dysfunction may now be easier to treat than previously. 
FPR, strain-counterstrain, muscle energy, balanced ligamen-
tous tension techniques, or some other modality may be used. 
The use of HVLA that was diffi cult to perform before may 
now be easier. Guidelines for determining the choice include:

 (a)  The persistence of the dysfunction or related components 
after treatment

 (b)    The ability of the practitioner to perform other modalities 
of treatment

 (c)     The need or capability of the patient to tolerate additional 
treatment

24.  The conclusion of manipulative treatment for the session 
should be based on the fi ndings for the individual. It should 
not be based solely on the patient’s subjective complaints. 
Overtreatment can cause as many problems as undertreatment

25.  Patients may limit types of treatment based on prior experience 
or misconceptions. They may have had a reaction to previous 
treatments or they may have had no previous diffi culties but 
have developed a dislike for a particular modality (i.e., “pop-
ping” secondary to HVLA). Attempting to coerce a patient to 
allow certain forms of treatment would be counterproductive 
to the therapeutic relationship. In many locales, it could be 
considered illegal as well (i.e., battery)

26. The somatic dysfunction is always reassessed
27.  Despite a relatively comfortable treatment, there may be a 

posttreatment reaction. The patient should be informed that 

Chila_Chap52.indd   829Chila_Chap52.indd   829 8/6/2010   2:09:50 PM8/6/2010   2:09:50 PM



830 III • APPROACH TO THE SOMATIC COMPONENT

15. Hazzard C. The Practice and Applied Therapeutics of Osteopathy, 1905.
16. Johnston WL. Functional technique: an indirect method. In: Ward RC, ed. 

Foundations for Osteopathic Medicine. Baltimore, MD: Williams & Wilkins, 
1997:795–808.

17. Dowling DJ. Myofascial release techniques. In: DiGiovanna E, Schiowitz S, 
eds. An Osteopathic Approach to Diagnosis and Treatment. 2nd Ed. Philadel-
phia, PA: Lippincott-Raven, 1997:381–383.

18. Chila AG. Fascial-ligamentous release: an indirect approach. In: Ward 
RC, ed. Foundations for Osteopathic Medicine. Baltimore, MD: Williams & 
Wilkins, 1997:819–830.

19. Ward RC. Integrated neuromusculoskeletal release and myofascial release: 
an introduction to diagnosis and treatment. In: Ward RC, ed. Foundations for 
Osteopathic Medicine. Baltimore, MD: Williams & Wilkins, 1997:846–849.

20. Typaldos S. Introducing the fascial distortion model. Am Acad Osteopath J 
1994;4(2).

21. Chaitow L. Neuro-muscular Technique. Wellingborough, Northamtonshire, 
England: Thorsons Publishers Ltd, 1980.

22. Chaitow L. Modern Neuromuscular Techniques. New York, NY: Churchill 
Livingstone, 1996.

23. Owens C. An Endocrine Interpretation of Chapman’s Refl exes. 2nd Ed. Chat-
tanooga, TN, Chattanooga Printing and Engraving Co., 1937.

24. Cyriax J. Text-book of Orthopaedic Medicine Volume II: Treatment by Manipu-
lation and Massage. 6th Ed. New York: Harper & Row, 1959.

25. Travell JG, Simmons DG. Myofascial Pain and Dysfunction: The Trigger 
Point Manual: The Upper Extremities. Vol I. Baltimore, MD: Williams & 
Wilkins, 1983.

26. Chaitlow L. Osteopathic Self-Treatment. Wellingborough, England: Thor-
sons Publishing Group, 1990:105–119.

27. Kenyon J. Acupressure Techniques: A Self Help Guide. Rochester, Vermont: 
Healing Arts Press, 1988.

28. Cerney JV. Acupuncture Without Needles. West Nyack, New York, NY: 
Parker Publishing Company, Inc., 1974.

29. Shultz W. Shiatsu: Japanese Finger Pressure Therapy. New York, NY: Bell 
Publishing Company, 1976.

30. Weil A. Spontaneous Healing. New York, NY: Ballantine Books, 1995.
31. The Burton Goldberg Group. Alternative Medicine: The Defi nitive Guide. 

Puyallup, Washington: Future Medicine Publishing, Inc., 1994:106–108.
32. Prudden B. Pain Erasure: The Bonnie Prudden Way. New York, NY: 

Ballantine Books, 1980.
33. The Burton Goldberg Group. Alternative Medicine: The Defi nitive Guide. 

Puyallup, Washington: Future Medicine Publishing, Inc., 1994:102–103.
34. Dowling DJ. S.T.A.R.: a more viable alternative descriptor system of 

somatic dysfunction. AAO J 1998;8(2):34–37.
35. Bailey HW. Some problems in making osteopathic spinal manipulative 

therapy appropriate and specifi c. JAOA 1976;75:486–499.
36. Patterson MM. A model mechanism for spinal segmental facilitation. 

JAOA 1976;76:62–72.
37. Ganong WF. Review of Medical Physiology. Los Altos, CA: Lange, 

1995:130–131.
38. Stoddard A. Manual of Osteopathic Practice. London: Hutchinson Medical 

Publications, 1969:238.
39. Buzzell KA. The potential disruptive infl uence of somatic input. The Physi-

ological Basis of Osteopathic Medicine. The Postgraduate Institute of Osteo-
pathic Medicine and Surgery, New York, NY: Insight Publishing Company, 
1967:39–51.

40. Ganong WF. Review of Medical Physiology. Los Altos, CA: Lange, 
1995:113–117.

41. Becker RF. The gamma system and its relation to the development and 
maintenance of muscle tone. In: 1976 Year Book of the American Academy 
of Osteopathy. Colorado Springs, CO: American Academy of Osteopathy, 
1976:26–40.

42. Korr IM. Proprioceptors and somatic dysfunction. In: 1976 Year Book of the 
American Academy of Osteopathy. Colorado Springs, CO: American Acad-
emy of Osteopathy, 1976:41–50.

43. Korr IM. Proprioceptors and somatic dysfunction. JAOA 74:638–650 
reprinted in The Collected Papers of Irvin M. Korr. Colorado Springs, CO: 
American Academy of Osteopathy, 1979:200–207.

44. Ganong WF. Review of Medical Physiology. Los Altos, CA: Lange, 
1995:1178.

The Golgi tendon organ is a sensory mechanism that becomes 
relatively stretched during muscular contraction where the overall 
length of the muscle does not change. When a critical amount of 
tension occurs, increased Golgi tendon organ activity brings about 
refl ex relaxation of the muscle as a whole. An inhibitory interneu-
ron between the afferent nerve ending in the spinal cord and the 
alpha motorneuron bring about sudden, almost complete muscu-
lar relaxation. The pressure from an osteopathic physician’s fi ngers 
may create an initial stretch that results in transient contraction. 
This is then followed by resultant relaxation (44).

Contraindications and Side Effects

There appear to be few contraindications and side effects with 
the use of PINS. Pressure should not be exerted onto localized 
infl ammations, abscesses, or infections as the integrity of the skin 
or walled infections may be compromised.

SUMMARY

PINS represents a unique variant of the more traditional approach 
to using inhibition as well as a means of discovering the ways in 
which dysfunction occurs and is maintained. It can be used solely 
or in combination with other methods of osteopathic manipula-
tion. The effect of other treatment modalities can be enhanced by 
the use of PINS.

Using PINS does require an investment of time. When it 
appears that other typical interventions are of limited success with 
recalcitrant dysfunctions, alternative means must be used. How-
ever, when this occurs, the time necessary to perform PINS would 
be worth the effort.
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Functional Technique
WILLIAM L. JOHNSTON (1921–2003)52D

K E Y  C O N C E P T
In this section, emphasis is placed on input (physician) palpated and evaluated at the segmental level. The sense of 
ease (compliance) and bind (increasing palpable resistance) is used to interpret the motion input. Opposite asymmetries 
(above and below) a segmental level is referred to as mirror-image motion asymmetry. Effective treatment is accom-
plished through the delivery of a smooth torsion arc of therapeutic motion. The component of visceral infl uence is 
recognized through the concepts of lack of accord and linkage. Both provide information directly relevant to treatment.
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■ Johnston WL, Friedman HD. Functional Methods. 1st Ed. Indi-

anapolis, IN: American Academy of Osteopathy, 1994.
■ Beal MC, ed. 1998 Yearbook, Scientifi c Contributions of William 
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HISTORICAL PERSPECTIVES

To engage the term functional technique, one needs to sense the stim-
ulus driving its initial development in the early 1950s. Within the 
osteopathic discipline, there was a growing recognition that motor 
function had a broader conceptual framework than just bony relation-
ships, with their structural confi guration relatively confi ned to joints, 
and to concepts for motion of one bone on the bone below. To open 
up this conceptual model, it was necessary to give increasing attention 
to the physiologic aspects and clinical manifestations of motor con-
trol. For a mobile system, specifi c directions of regional motion tests 
were becoming effective in delineating positive diagnostic signs of 
dysfunctional behaviors, both regional and segmental. Within these 
broader functional parameters, motion tests would supply promising 
tools for application in clinical practice and osteopathic research.

To engage the term indirect, as a method of manipulation, one 
needs to refer back to the early 1900s. In the history of osteopa-
thy, information derived from palpatory examination had led to 
the development of a classifi cation for methods of manipulation. 
Development of the terms direct, and indirect, gave recognition to 
the specifi c directions of motion forces used in osteopathic manip-
ulative procedures. A brief look at 100 years of professional history 
indicates a signifi cant struggle regarding the issue of terminology. 
The controversy involves two areas:

1. Verbalizing palpatory fi ndings in the musculoskeletal system
2. Conceptualizing models for palpable fi ndings, for example: the 

use of bony malposition at a joint, to depict a local area of seg-
mental dysfunction (referred to in the past as a lesion, the Still 
lesion, or osteopathic lesion)

Diffi culties with terminology create problems for communication 
about the clinical signs of musculoskeletal dysfunctions. To describe a 
direct manipulative technique for segmental dysfunction, initial con-
cepts of somatic dysfunction focused on joint restriction and direct 
forces to encounter and overcome restriction; this fi t the layperson’s 
concept of “putting the bone back in place.” Other techniques did 
not directly encounter the restriction yet still overcame restricted 

movement. Such manipulative procedures did not fi t the concept of 
the direct method. They did use motion and maneuvers in the oppo-
site direction of the restriction effectively, however, and were given 
the term indirect. Owing to the fact that they seem to defy positional 
relationships and joint concepts, indirect methods are often set aside. 
Since they do not fi t with those earlier models of thought, they con-
tinue to present a special challenge for instruction.

Several early osteopathic practitioners expressed these issues. 
Edythe F. Ashmore, a faculty member at the American College of 
Osteopathy in Kirksville, Missouri, wrote the fi rst textbook on the 
mechanics of osteopathy in 1915. She stated:

There are two methods commonly employed by osteopathists in 
the correction of lesions the older of which is the traction method, 
the later the direct method or thrust.* Those who employ the 
traction method secure the relaxation of the tissues about the 
articulation by what has been termed exaggeration of the lesion, 
a motion in the direction of the forcible movement which pro-
duced the lesion, as if its purpose were to increase the deformity. 
The exaggeration is held, traction made upon the joint, replace-
ment initiated and then completed by reversal of the forces.†

The direct method consists in the application of a precisely directed 
force toward a bony prominence during the process of putting the 
articulation or lesion through the spinal movement, which is the 
reversal of that which produced the lesion.

*The term “direct” is preferred for the reason that the imitators of 
osteopathy have given the word “thrust” an objectionable mean-
ing of harshness.
†This method is the more diffi cult of the two and for the instruc-
tion of students does not fi nd favor with the author (1).

Ashmore’s footnotes about terminology and instructional problems 
are particularly illuminating. The limited concepts implied by the 
expressions exaggerating the lesion and reversal of that [movement] 
which produced the lesion remained in use for many years. The direc-
tion of restricted movement was even then becoming a determi-
nant for methods of manipulative technique and their classifi cation 
as direct and indirect.

Carl P. McConnell, D.O., was another osteopathic pioneer 
who actively contributed to osteopathic literature from 1905 to 
1938. He commented:

So, striving to get the bones in normal position, per se, or perhaps 
to keep them in position, is simply hopeless. In this regard, the 
bony item is simply an idol, and a similar idol could be made of 
the muscles, and so forth (2).
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McConnell also wrote:

Precision of method follows defi niteness of diagnosis. It is evi-
dent that there are many ways of applying the same mechani-
cal principles. But ease and effectiveness should be the goal of 
operative activity. In adjusting lesions it is obvious that a method 
which retraces the path of the lesion with a minimum of irritation 
is highly desirable (3).

McConnell’s orientation was still on the path of the lesion, but this 
was tempered by a growing discomfort with using bony position or 
any single anatomic structure as the key to conceptualizing about 
areas of musculoskeletal dysfunction.

By 1923, in Principles and Practice of Osteopathy, C. Harri-
son Downing (4) went a step further in describing restriction at 
a lesioned segment. He referred to the fact that, when testing a 
physiologic motion, the lesioned segment becomes more restricted 
going in one direction. He added that the restriction decreases 
in the opposite direction and apparently disappears. Keeping his 
motion testing procedure as a frame of reference, Downing pro-
vided palpatory information about the restriction decreasing, in a 
direction opposite to the direction of restricted motion. These new 
facts sometimes supported the concepts centered on the joint and 
bony description of malposition, and sometimes did not.

By 1949, Howard A. Lippincott reported on the osteopathic 
technique of William G. Sutherland as follows:

The articulation is carried in the direction of the lesion, exag-
gerating the lesion position as far as is necessary to cause the ten-
sion of the weakened elements of the ligamentous structure to be 
equal to or slightly in excess of the tension of those that were not 
strained. This is the point of balanced tension. When the tension 
is properly balanced, the respiratory or muscular cooperation of 
the patient is employed to overcome the resistance of the defense 
mechanism of the body to the release of the lesion (5).

This described an indirect method of treatment, but the anatomic 
construct was more ligamentous.The point of balanced tension (also 
referred to as the point of balanced ligamentous tension) became the 
signifi cant phrase used to describe techniques where the physician 
palpated throughout the procedure and continually adjusted treat-
ment to the changing tissue tensions. Descriptive terminology still 
relied mainly on a positional orientation to express this important 
feedback of palpable information during motion. Balance and hold 
became another phrase to describe indirect techniques, but this 
phrase fails to point out the continued balancing carried out by the 
physician in response to the tissues changing.

In the early 1940s at the Chicago College of Osteopathy, indi-
rect diagnostic skills were a part of students’ formal training. This 
involved instructing students regarding the diagnosis of directions 
of motion that would initially relax the tissues, and their applica-
tion in combined techniques. In Boston, by 1944, some very prom-
inent physician teachers in the New England area had already been 
applying indirect methods extensively in their practices; however, 
the diffi culty in communicating these skills was still a problem.

In the 1940s, the Academy of Applied Osteopathy (now known 
as the American Academy of Osteopathy) initiated a national pro-
gram of education to improve the clinical skills of physicians, for 
those profi ciencies in practice that can be achieved with continual 
application of Still’s principles. This was done through the imple-
mentation of postgraduate instruction. Harold Hoover was a part 
of this effort. His classifi cation of direct and indirect manipulative 
methods included the following:

1. Direct technique: the method of moving one bone or segment 
of the articular lesion directly to a normal relationship with its 
neighbor. This is accomplished against the resistance of tissues 
and fl uids maintaining the abnormal relationship.

2. Indirect technique: the method of moving one bone or segment 
slightly in the direction away from the direction of correction 
until the resistance of holding tissues and fl uids is partially over-
come and the tensions are bilaterally balanced, then allowing 
the released ligaments and muscles themselves to aid in pulling 
the part toward normal. Other body forces, including that of 
respiration, may be employed (6).

Hoover’s experiences with both of these methods of manipulation 
were beginning to channel his major interest toward the indirect 
(7). Recognizing a functional model, he was reporting on his use 
of palpatory tests, palpable fi ndings, and manipulative procedures, 
especially those of the clinically effective indirect method. He often 
introduced his functional approaches in seminars. His presentation 
in New England in 1951 initiated an era of development in the 
New England Academy of Osteopathy. Biannual study sessions, 
led by Charles Bowles, resulted in a series of three publications 
entitled A Functional Orientation for Technic.

In his initial report, Bowles wrote:

This was not the birth of a new entity in osteopathy, but simply 
a new type of measuring stick for evaluating the Still lesion as a 
process of aberrated function … our functional investigation had 
become formalized by using the pattern of a demand-response 
transaction, instituting motion demands (which could be named) 
with a motive hand, down to, and through a given segment, while 
assessing the motion response of this given segment through a 
palpatory listening hand. To best understand, follow, and control 
this demand-response transaction therapeutically at a segmental 
level, certain specifi c insights seem necessary, namely:

1. An understanding of typical motion demands and a system 
of annotation that makes them easily communicable between 
operators

2. An understanding of responses that allows an accurate report-
ing and a useful evaluation of the specifi c demand-response 
transaction taking place currently under the fi ngertips of the 
palpating or “listening hand” during manipulation

3. An understanding of criteria for lesioned and nonlesioned per-
formance, that is, in terms of functional adequacy

Thus, the signifi cant functional information about vertebral motion 
or restriction is not so much that there is motion or restriction, but 
rather how these motions and restrictions change, and under what 
circumstances, and in response to what demands.

It is the response information that eventually guides functional 
technic (8).

It should be noted that these comments by Bowles are in con-
trast to guides based on anatomic concepts, and bony, muscular, or 
ligamentous relations.

By 1961, Lippincott was expressing educational concerns simi-
lar to those of Ashmore. He reported student confusion, as well as 
practice trends, that were leading him to analyze and clarify the 
various methods of correcting lesions. In Basic Principles of Osteo-
pathic Technique, he reported:

It is evident that Dr. Still treated his patients carefully, with due 
consideration for the delicacy and the welfare of the tissues beneath 
his fi ngers. It is also evident that he imparted to the students who 
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came under his supervision this wholesome respect for the tissues, 
the structures, and their functioning. Then, after the turn of the 
century, it became popular with many of the vigorous and enthusi-
astic young doctors to treat with vigor and enthusiasm. They devel-
oped techniques that would produce a “pop” regardless of the 
force required to produce it. This gave them a sense of accom-
plishment but it also gave osteopathy a reputation for being 
rough, painful, and even dangerous, a stigma that still persists 
among the uninformed. Within a decade or two the trend turned 
back toward more careful and intelligent, but perhaps less spec-
tacular methods. The result is a wealth of technical procedures 
representing varied approaches to the correction of osteopathic 
lesions. It is a decided advantage for the physician to have at his 
command a variety of methods whereby he can meet the needs of 
each individual patient (9).

During the 1960s and 1970s, the steadfastness of positional concepts 
continued to be refl ected in the development of new techniques. In 
1964, Lawrence H. Jones published his original article, “Spontane-
ous Release by Positioning,” introducing the technique for manipu-
lative treatment called strain/counterstrain. Dr. Jones questioned:

Is the muscular tension arranged so as to splint this joint, to pre-
vent it from moving back into its eccentric position? No! The 
muscular tension resists any position away from the extreme posi-
tion in which the lesioning occurred. Even the severest lesions 
will readily tolerate being returned to the position in which 
lesion formation originally occurred, and only to this position. 
When the joint is returned to this position (indirect), the muscles 
promptly and gratefully relax (10).

Since 1969, and possibly starting during the Bowles initiative in 
New England in 1955, interest has grown in relation to motor 
function, with a focus on the application of motion tests and pal-
pable fi ndings for descriptive clinical research. A test pattern of 
passive gross motions evolved with standards relevant to the six 
elementary directions of the body’s movement (Figs. 52D.1 and 
52D.2). These motions are as follows:

■ Flexion/extension
■ Side bending

■ Rotation
■ Translation from side to side
■ Translation anteriorly/posteriorly
■ Translation cephalad/caudad (traction/compression)

This test pattern allows implementation of an organized diagnos-
tic process for describing the motor characteristics of neuromuscu-
loskeletal dysfunctions. Investigations (11) using this test pattern 
have been advancing our knowledge about functional aspects of 
both regional and segmental somatic dysfunction, as follows:

1. Passive gross motion tests provide a means to attain baseline 
palpatory information in medical problem solving for a mobile 
system:

Examining regional motor performance (12)
Locating segmental motor defects (13,14)
Characterizing the specifi cs of a segment’s motor dysfunction as a 

basis for designing manipulative interventions to address somatic 
dysfunction (15–17)

2. Segmental somatic dysfunction is a complete asymmetry of its 
elementary motion functions: three rotary, three straight-line 
translatory, and respiratory (18). (Respiratory was the seventh 
function, and takes under consideration the demands of inha-
lation and exhalation on motor function.) Palpable recordable 
cues evident in response to these motion tests provide seven 
possible descriptors for the motion characteristics of each motor 
defect.

3. A fundamental unit of segmental somatic dysfunction (16,19) 
consists of a three-segment complex, as illustrated in Figure 
52D.3. A central asymmetric segment is the primary defect. 
Mirror-image (opposing) motion asymmetries are present at the 
adjacent segments, above and below. (These are secondary and 
adaptive, implying a basis in somatosomatic refl ex activity.)

Figure 52D-1 Coordinate system to illustrate straight-line direc-
tions of movement used to describe translatory motion tests. (From 
Johnston WL. Segmental defi nition, part I: a focal point for diagno-
sis of somatic dysfunction. JAOA 1988;88:99–105, with permission.)

Figure 52D-2 Coordinate system to illustrate directions of move-
ment about axes used to describe rotary motion tests. (From John-
ston WL. Segmental defi nition, part I: a focal point for diagnosis of 
somatic dysfunction. JAOA 1988;88:99–105, with permission.)

Chila_Chap52.indd   833Chila_Chap52.indd   833 8/6/2010   2:09:50 PM8/6/2010   2:09:50 PM



834 III • APPROACH TO THE SOMATIC COMPONENT

4.  A different organizational principle operates when primary 
defects are identifi ed at a midline vertebra and an adjacent rib 
at the same spinal level with identical motion asymmetries; 
this contrasts with the opposing asymmetries presented by mir-
ror images (20). An example is illustrated in Figure 52D.4 at 
T2 and left rib 2. Accompanying this primary defect at the T2 
level, note that there still are secondary mirror-image asym-
metries at the adjacent segments above and below in both the 
midline vertebral and left costal columns. Clinical research (21) 
has supported the premise that visceral afferents contribute to 
this characteristic confi guration of two segmental units, verte-
bra and rib, linked in similar primary motion asymmetries at the 
same spinal level.

This preceding historical perspective puts one in mind of the clas-
sic tale of the blind men and the elephant, with each man describ-
ing the elephant according to the part being touched. From clinical 
palpatory experience, asymmetry (A) of joint position, restriction 
(R) of motion, and tissue texture changes (T) are expressed in the 
mnemonic acronym ART. Tenderness (T) has recently been added 
to the acronym, making it TART, with the fi rst “T” representing 
tenderness. Each of the last three has emerged as a palpable sign 
of segmental somatic dysfunction, where motor function is asym-
metric and its manifestations are present in structure, motion, and 
tissue. The functional characteristics of motor asymmetry emerge 
primarily from motion tests. These characteristics provide detailed 
descriptors to implement differential diagnosis and also establish 
basis for the classifi cation of methods of manipulation as direct 
and indirect.

FUNCTIONAL TECHNIQUE

The term functional technique refers to osteopathic manipulative 
procedures that apply palpatory information gained from tests for 
motor function, although the term is often applied inappropri-
ately as a general synonym for indirect. To be specifi c, in functional 
manipulative procedures, the palpable information regarding all six 
degrees of freedom and respiration is used to address the dysfunc-
tional aspects of segmental behavior. Passive gross motion testing 
identifi es motion symmetry/asymmetry at an individual mobile 
segment. If you can, temporarily set aside the interpretation of pal-
patory information about mobility in a format for static concepts of 
joint position—for example, a posterior transverse process. Instead, 
criteria for determining a mobile segment’s behavior and its resis-
tance to or compliance with opposing directions of specifi cally 
induced passive regional motion tests are applied. The demonstra-
tion in Figure 52D.5 illustrates a single axial motion test introduced 
through the shoulders and trunk in rotation to the right. With the 
patient seated and arms folded, right rotation of shoulders and 
trunk is introduced by the physician’s right hand at the patient’s 
right elbow. The fi ngers of the left hand monitor bilaterally the 
immediate response of paravertebral tissues overlying T6 transverse 
processes. To compare for response to rotation left, the operator 
stands to the left and the hand positions are reversed. Finding 
asymmetric behavior at T6, one can report resistance encountered 
at T6, for example, during shoulder trunk rotation right. (The test 
and the criterion are explicit, and the fi nding becomes clear in 
relation to the test used to elicit it, thereby attending to scientifi c 
method for fi rst-order reporting.) This is in contrast to applying 
local, pressure prone at T6, encountering increased resistance to 
pressure on the left versus the right, and then reporting a posterior 

Figure 52D-3 Schematic representation of three mobile columns 
in thoracic region, with a three-segment unit of dysfunction in ver-
tebral column. X, location of primary functional defect at T2, with 
resistance to shoulder/trunk rotation to right (short, solid arrow, with 
bar representing sense of resistance). In adjacent T1 and T3 seg-
ments, mirror-image resistance to left rotation is secondary (short, 
solid arrows with bars). Longer, open arrows without bars at each 
level represent sense of compliance with motion and a greater range 
of motion in directions opposite to directions of limited mobility. 
(From Johnston WL. Somatic manifestations in renal disease: a clini-
cal research study. JAOA 1987;87:22–35, with permission.)

Figure 52D-4 Schematic representation of two primary motor 
asymmetries at T2 spinal level, indicated by X in vertebral and adja-
cent left costal columns. Arrows with bars at T2 spinal level indicate 
resistance in both columns to right rotation of shoulders/trunk. Sec-
ondary mirror-image asymmetries of restricted motor function are 
indicated at T1 and T3 spinal levels by bars on arrows for left rota-
tion that is (again) present in both columns.
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left transverse process, with limited rotation to the right of T6 on 
T7 within the concept of a joint.

As illustrated in Figure 52D.6 for symmetric behavior, the 
initial resting level of minimal muscle tone or tension at point X 
refl ects the natural palpable resistance that the operator’s fi nger-
tips sense as they lightly contact tissues overlying the bony seg-
ment at rest. Point X also illustrates there is palpable symmetry in 
a segment’s initial compliance to move right and left with no rise 
on the tone scale at the initiation of movement. Indicated also is 
the normally increasing resistance to range as motion approaches a 
physiologic and an anatomic barrier.

Start with a compression test. The compression test is the appli-
cation of pressure through the fi ngers to sense any increased tissue 
tension at one segment compared with adjacent segments. Even at 
rest, a compression test of a dysfunctional segment will register the 
local increased resistance of that segment’s deep musculature; this 
can be illustrated as an elevation to X1 on a tone scale (Fig. 52D.7). 
The fi ngertips mark the site of the increased resistance to pressure.

The segment’s tissue tension in the marked area changes 
immediately on initiation of each passive motion test. Palpatory 
cues refl ect the immediately increasing resistance to pressure in 
one direction (in this example, to the right), while in the opposing 
direction they refl ect an immediate sense of decreasing resistance to 

pressure (i.e., a decreasing tension with increasing ease of motion). 
These palpable changes provide an indicator of asymmetric motor 
function, to monitor not only during diagnosis to guide accuracy, 
but also during treatment to guide effi cacy in the return to sym-
metric motor function. Treatment with functional technique is 
a distinctive application of an indirect method of manipulation. 
Well-defi ned directions of passive motion are combined in their 
initial stages of increasing ease. A particular phase of active respira-
tion also increases this sense of ease in movement. As the responses 
to each precise elementary direction of increasing ease are summed 
up, the reduced tissue tension signals a rapidly improving motor 
function palpable at the fi ngertips.

Guidelines

Certain procedural aspects of functional technique help to ensure 
success in the application of an indirect method of manipulation 
for segmental dysfunction (22):

1. The initial introduction of motion in any one elementary 
direction is small (not range), with minimal forces applied.

Figure 52D-5 Single axial motion test of shoulders and trunk in 
rotation to right. (From Johnston WL. Segmental defi nition, part I: a 
focal point for diagnosis of somatic dysfunction. JAOA 1988;88:99–
105, with permission.)

Figure 52D-6 Symmetric response to motion at a nonlesioned 
thoracic segment where only axial rotation is represented. Shown 
are equal initial compliance to right (R) and left (L), and then increas-
ing resistance toward an equidistant fi nal anatomic end point. (From 
Johnston WL. Segmental defi nition, part I: a focal point for diagnosis 
of somatic dysfunction. JAOA 1988;88:99–105, with permission.)

Figure 52D-7 Asymmetric behavior at a dysfunctional (lesioned) 
segment. (From Johnston WL. Segmental defi nition, part I: a focal 
point for diagnosis of somatic dysfunction. JAOA 1988;88:99–105, 
with permission.)
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2. Motion directions are toward a sense of immediately increasing 
ease. This response manifests a decreasing sense of resistance to 
pressure at fi ngers monitoring the tense dysfunctional segment 
(at the same time, motions are away from the opposing direc-
tion in which increasing resistance is encountered).

3. Single elements of rotary and translatory directions are com-
bined, effecting the control of an eventual smooth torsion arc 
for body movement. The order of introduction of these ele-
ments is not important.

4. The fi nal step of the functional procedure involves request for 
a specifi c direction of active respiration, whichever direction 
(inhalation or exhalation) contributes further to the increasing 
ease. For example, if inhalation, the request is for the subject to 
take a deep breath slowly and hold it briefl y.

5. This respiratory interval, adding to a continuous feedback of 
decreasing resistance, allows the operator to fi ne-tune the com-
bination of translatory and rotary directions. The objective is 
to reach a sense of release of tissue tension at the fi ngertips, 
which are continually monitoring response at the dysfunctional 
segment.

6. The release of restraint in the motor mechanism allows a return 
to midline resting, unobstructed by any sense of the resistance 
previously encountered in the return direction.

A successful outcome is signaled by a sensed release of the seg-
mental tissues’ holding forces, which then allows a free return to a 
resting position, and a new tissue tone at rest. The segment’s new 
functional symmetry is evident in the responses to further motion 
retesting. Increased resistance in response to directions previously 
limited is no longer encountered.

Examples of applying this functional method of palpatory 
diagnosis and manipulative treatment are presented under “Exam-
ples of Functional Technique” later in this chapter. To memorize 
any technique for use as a manipulative procedure, without rec-
reating each of the steps outlined above, this would be inappro-
priate and probably clinically ineffective. Bowles (23) stated, “It 
is … the response information that eventually guides functional 
technic.” Therefore, at a mobile segment, focus attention on the 
following:

1. The criteria for symmetric and asymmetric motor function
2. The orientation of motion testing to the palpable fi ndings of 

bony and tissue tension expressed at a dysfunctional mobile 
segment

3. The way that response at your fi ngertips, to each direction of 
motion test, guides not only diagnosis but also the development 
of each individual manipulative procedure

Conceptual Basis
The following phrases reveal the static positional concepts that 
emerged during osteopathy’s early professional history:

Describing the lesion as a bone out of place
Exaggerating the lesion position
Retracing the path of the lesion
Noting the position in which the lesion occurred
Stacking positions to balance the tension

Bowles’ comments about demand/response transactions and the 
motor coordination necessary for each bone to be in the right 
place at the right time during demands for body movement 
strongly indicate that he was moving beyond static positional 
concepts. His conceptual bias for motor function called for the 
recognition of a mobile system and mobile segments, patterned 

to act in concert with one another. Each mobile segment is a 
bone with articular surfaces for movement and adnexal tissues 
under motor control; together, they respond to precise functional 
demands to:

1. Maintain postural position
2. Carry out active movements
3. Allow passive movement

For Bowles, functional diagnosis and technique were “unique 
in accuracy and universal in nontraumatic application” (24).

Currently there is widespread recognition, but still limited 
understanding, of the neural control of these motor dynamics. In 
1978, Stein (25) reviewed principles emerging from studies of the 
properties of interneurons and their application to the organization 
of the body’s motor patterns. Fundamental concepts of command 
neurons and pattern generators furnished a baseline for continu-
ing research in this fi eld. This growing knowledge about neural 
networks and motor control systems has been reviewed by Getting 
(26). Atsuta et al.’s research presents an ongoing example (27). In 
areas where motion tests detect signs of segmental motor asym-
metry, somatic proprioceptive and nociceptive afferents (sensory 
impulses) acting through feedback loops effect adaptive changes in 
motor patterns. These changes are palpable as a three-segment unit 
of segmental dysfunction, which describes a basic unit of defective 
and adapted function.

During functional technique, the release of holding forces 
(using minimal force) and the return to motor symmetry have been 
expressed as follows (28):

At the moment when the release of resistance forces is sensed, 
the response (conceptually) appears to be the result of a match-
ing in movement function, in which the local segmental con-
trol becomes appropriate to the current, overall movement—a 
matching of adequacy in physiologic response to specifi c motion 
demand. The return to local controlled compliance of the mobile 
segment within the whole complex movement restores the oppor-
tunity for adequate part-to-whole functional relations of this seg-
ment within the mobile system.

Basic knowledge about proprioceptor and nociceptor stimuli 
as a source of refl ex communication from somatic tissues to other 
somatic tissues is well established (29). Even at rest, in response 
to only gravity and positional demands, the palpable fi ndings of 
bony irregularity and increased resistance of muscular tissue to 
pressure at dysfunctional segments refl ect ongoing stimulation of 
proprioceptor sensors. During movement, these palpable cues to 
the traffi c on afferent pathways are highly erratic, since in some 
directions of ease they decrease whereas in opposing directions of 
resistance they increase.

The sheer immediacy of the changes palpated during motion 
testing and treatment suggests the moment-to-moment afferent 
monitoring by numerous muscle spindle stretch receptors and 
the resulting efferent control of muscle contraction/relaxation as 
a physiologic basis for interpreting the response to osteopathic 
manipulation being reported here (28).

At vertebral levels where segmental motion asymmetry is pres-
ent, the physical stress of daily demands for movement and posi-
tioning accounts for a major increase in somatic sensory afferent 
impulses reaching the spinal cord (30). A concept of afferent reduc-
tion has application where the palpable sense of decreasing resis-
tance, monitored throughout a functional manipulative procedure, 
successfully restores symmetric motor function.
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EXAMPLES OF FUNCTIONAL TECHNIQUE

Thoracic, Lumbar, and Sacral Regions: Seated

The method described in the following example of functional 
technique (17) is applicable in the thoracic, lumbar, or sacral spinal 
regions.

Findings
This patient has a dysfunctional T6 segment, locally resisting 
regional rotation of shoulders and trunk to the right. Additional 
fi ndings on shoulder/trunk rotation tests indicate that the increas-
ing ease in rotation left at T6 is accompanied by resistance to rotation 
left at T5 and T7. Other rotary motion tests reveal initial increas-
ing ease at T6 to side bending left and to extension, and to initial 
inhalation on respiratory testing. These directions are resisted at T5 
and T7. In the next test (Fig. 52D.8A), the physician initiates right 
side bending of the trunk with moderate caudally directed force 
through the right hand, which is on the patient’s right shoulder. 
The fi ngers of the physician’s left hand monitor the response at 
T6. In the second test (Fig. 52D.8B), trunk fl exion and extension 
are initiated, being careful not to introduce translatory aspects of 
movement (e.g., the patient is maintained in midline of the inter-
section of midcoronal and sagittal planes). Slightly relaxed slump-
ing supported by the physician’s left arm initiates fl exion. Reversal 
of this rotary direction (about the y-axis of Fig. 52D.2) initiates 
extension. The physician’s right fi ngers compare responses to these 
opposing directions of motion.

Position
The patient is in the seated position. As indicated in Figure 52D.9, 
the physician’s left arm is over the left shoulder and under the right 
shoulder of the patient to allow easy introduction of side bending 
left and rotation left in the following functional application of an 
indirect method of manipulation.

Treatment Procedure
1. Hold the patient to provide control in side bending left, rota-

tion left, and extension in a smooth torsional arc. Each of these 
directions will begin to diminish the local tissue resistance being 
monitored at T6 during the manipulative procedure.

2. Using slight shifting of postural forces to control movement 
of the patient’s body, three translatory tests can be completed. 
In Figure 52D.10A, with patient’s hips relatively fi xed by sit-
ting position, a slight shift in the physician’s body weight to 
the right and then to the left allows comparison of response 
of T6 to lateral translations of the patient’s trunk. In Fig-
ure 52D.10B, a slight shift in the physician’s weight controls 
patient’s shoulders and trunk, relative to the pelvis, to initi-
ate anterior and then posterior translation motions for test-
ing response at T6. In Figure 52D.10C, for testing cephalad/
caudad directions, the physician initiates slight lifting cephalad 
through the patient’s shoulders and trunk, and then caudad 
by applying mild body compression; the segment’s responses 
to opposing directions are monitored by the physician’s right 
hand.

Figure 52D-8 Additional rotary motion tests. A. Physician initiates right side bending of trunk. B. Trunk fl exion 
and extension. (From Johnston WL. Segmental defi nition, part II: application of an indirect method in osteopathic 
manipulative treatment. JAOA 1988;88:211–217, with permission.)
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In this example, movements are added with increasing ease in 
translations to the left, anterior, and cephalad. Testing had indi-
cated increasing resistance in each opposing translatory direction. 
Initial introduction of each appropriate direction is more impor-
tant than extent of range in any one direction alone.

3. The fi nal component is to direct a slow inhalation by the 
patient. The additional element of increasing ease promotes 
an eventual release of the holding tensions at the dysfunctional 
segment. The release allows return to a central resting position 
without encountering the previous resistance in these opposing 
directions.

4. Following successful release, retesting confi rms a return to com-
pliance and symmetry in response throughout the T5-7 area.

Cervical Region

In this example, the cervical region is examined initially in the 
seated position, followed by treatment in the supine position.

Findings
The fi rst cervical vertebra (atlas) is limited in head and neck rota-
tion left.

Diagnostic Procedure
Position No. 1
The patient is seated; the practitioner stands behind the patient.

1. With the left hand, contact the frontal-parietal region, palm 
frontal, with fi ngerpads at the right, thumb at the left

2. For the rotation test, introduce motion with the left hand. The 
right hand monitors for restricted motion response to the rota-
tion left, with the third fi ngerpad of the right hand at the right, 
thumb at the left, and overlying the facet processes. (Hand 
placements are reversed to monitor the associated limitations in 
rotation right at occiput and at C2.)

Position No. 2
The patient is supine; the physician sits at the head of the table as 
shown in Figure 52D.11.

Positioning of the physician’s arms with elbows supported on 
the knees provides comfortable support of the patient’s occiput in 
the palms of the physician, who then monitors response to intro-
duced motion. The third fi ngertips overlie cervical articular facets 
at C1 bilaterally to monitor response. As rotary motion tests con-
tinue, C1 responds with initial increasing ease in side bending right 
and fl exion. During respiration, exhalation is easier.

Treatment Procedure
1. (the patient is supine) To small amounts of each of the three 

directions of rotary ease, add translatory components (of the 
head in relation to the trunk) in straight-line directions of 
increasing ease to the left, posterior, and caudal approximation. 
(Translatory testing in this example has indicated increasing 
resistance in each opposing direction.)

2. The increasing ease accumulating at C1 during the initial intro-
duction of these six specifi c elements of motion is enhanced 
during a directed exhalation

3. The smooth torsion pathway for fi nal release of tissue tension 
allows an easy return to a central resting position

4. Reexamination in the seated position should reveal a return to 
symmetry in response to head/neck rotation tests including the 
occiput, C1, and C2

Costal Region

When diagnosing the motor functions of ribs, it is signifi cant to rec-
ognize that their elementary function is respiratory. Ribs also func-
tion, however, within the context of routine gross body movements 
that involve the thoracic spine and cage. Therefore, rib function 
is examined with the patient in the seated position with fi ngertip 
contact over the rib angle to monitor a rib’s response to the spi-
nal test pattern of elementary passive gross movements (rotations 
and translations), as well as active respiration. In principle, costal 
mobile units also function in association with movement of the 
upper extremities. Recognizing their intermediary role in so much 
of the body’s movement suggests that costal dysfunctions may 
show more complex characteristics of motor asymmetry because 
they have one major motor function (inspiratory/expiratory) 

Figure 52D-9 Positioning of patient and physician to facilitate 
initial introduction of combined three rotary components toward a 
sense of increasing compliance (ease) in extension, left side bend-
ing, and left rotation. (From Johnston WL. Segmental defi nition, 
part II: application of an indirect method in osteopathic manipula-
tive treatment. JAOA 1988;88:211–217, with permission.)
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and two subsidiary motor roles active in trunk and appendicular 
movement.

This complexity becomes evident when the palpatory charac-
teristics of costal motor asymmetries are identifi ed. There appears 
to be an element of simplicity, however, in the manner in which 
that asymmetry is organized. The primary movement of the ribs 
occurs in inhalation and exhalation. It is this respiratory primacy 
that appears to dictate the remaining characteristics of the total 
motor asymmetry when a rib becomes dysfunctional.

For example, if a primary costal defect is freer during exhalation 
and resists inhalation, this respiratory feature distinctively patterns 
the motor dysfunction of that rib. This becomes apparent when 
tested through the shoulders and trunk, with the patient seated, 
and through the ipsilateral arm with the patient in the lateral 
recumbent position. However, if the dysfunctional rib is freer dur-
ing inhalation and resists exhalation, then the asymmetric pattern 

of this rib’s motor function is largely reversed from that of the 
preceding (exhalation) example.

Ribs are also involved in asymmetric motor function associated 
with afferent input from visceral disease. This distinctive category 
of a viscerosomatic component needs consideration separate from 
the two dysfunctions to be detailed here. They arise more strictly 
from the physical stresses incurred in this somatic region.

The following two examples illustrate the most common kinds 
of dysfunction in the rib cage (essentially somatic in origin, rather 
than visceral). One shows elementary limitation on exhalation; one 
is limited in inhalation. The predominance of bucket-handle or 
pump-handle motion during the inspiratory and expiratory func-
tion varies throughout the rib cage and is not considered in these 
examples. Instead, each example is concerned with monitoring a 
rib’s response to specifi c demands for rotary and translatory aspects 
of passive motion tests. These are introduced through the shoul-
ders and trunk of the seated patient and through the ipsilateral 
upper extremity when the patient is in the lateral recumbent posi-
tion. Each example of treatment has two procedural components, 
one seated and one side lying.

Findings in Example 1
The right rib 3 resists exhalation. It predictably resists shoulder/
trunk rotation left and side bending left in the seated position, 
monitored with the right fi ngertips overlying the rib angle. Testing 
adjacent ribs above and below demonstrates mirror-image asym-
metries if right rib 3 is the primary functional defect.

Procedure No. 1: Concurrent Diagnosis and Treatment: 
Through the Trunk
1. Standing at the right of the seated patient, monitor directions of 

increasing ease of motion with the left fi ngers (Fig. 52D.12)
2. The right arm is over the patient’s right shoulder and under the 

left to control initiation of motions through shoulders and trunk 
during side bending and rotation to the right (Fig. 52D.12A)

Figure 52D-10 Translatory motion tests. A. Patient in sitting position for comparison of response of T6 to lateral 
translations of trunk. B. Shift in physician’s weight initiates anterior and then posterior motion testing at T6. C. Test-
ing cephalad/caudad directions. (From Johnston WL. Segmental defi nition, part II: application of an indirect method 
in osteopathic manipulative treatment. JAOA 1988;88:211–217, with permission.)

Figure 52D-11 Supine position for cervical technique.
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3. Tissue tension and limited mobility continue to improve during 
initial introduction of backward bending and translations to the 
right and anterior. (They worsen during fl exion and translations 
to the left and posterior.)

4. Direct the patient to inhale slowly and hold the inhalation phase 
momentarily as directions of motion are carefully combined in 
a smooth torsion arc of movement. This promotes a release and 
return to a central resting position

5. Retest shoulder/trunk movements, seated, to assess return to 
symmetry of these motion components

Procedure No. 2: Concurrent Diagnosis and Treatment: 
Through the Upper Extremity
1. The patient is in a left lateral recumbent position. Stand in front 

of the patient with the patient’s right upper arm supported just 
cephalad to the elbow, as shown in Figure 52D.12B, on the 
physician’s left forearm. The patient’s right hand hangs toward 
the fl oor

2. The right fi ngers overlie the tissue tension/restriction identi-
fi ed at the rib angle and monitor respiratory motion to confi rm 
continuing resistance to exhalation

3. Palpate for response to motion tests introduced through the 
patient’s right arm. Typical fi ndings include resistance to exter-
nal rotation (about the long axis of the humerus), abduction, 
and cephalad movements

4. In the treatment procedure, monitor increasing ease to internal 
rotation, adduction, and caudad movements during a directed 
slow inhalation phase of the patient

5. Following a successful release, retest the arm motion compo-
nents in the side-lying position

6. Following successful release in each of these two treatment com-
ponents at right rib 3 resisting exhalation, retesting throughout 
right ribs 2, 3, and 4 confi rms return to functional symmetry in 
this area of the rib cage

Findings in Example 2
Right rib 3 resists inhalation. During diagnostic testing, stand on the 
right to test rotation to the right, and on the left to test rotation to 
the left. The right rib 3 resisting inhalation predictably resists shoul-
der/trunk rotation right and side bending right. This is monitored 
with the left fi ngertips overlying the rib angle. Testing adjacent ribs 
above and below demonstrates mirror-image motion asymmetries, 
if the right rib 3 is the site of the primary dysfunction.

Procedure No. 1: Concurrent Diagnosis and Treatment: 
Through the Trunk
1. Standing at the left of the seated patient, monitor directions of 

increasing ease of motion with the right fi ngers (Fig. 52D.13)
2. The left arm is over the patient’s left shoulder and under the 

right shoulder to control initiation of motions through the 
shoulders and trunk during side bending left and rotation to the 
left, as shown in Figure 52D.13A

3. Tissue tension and limited mobility continue to improve as 
you allow initial slouched fl exion over the left arm support and 
translate to the right and posterior. (They worsen during back-
ward bending and translations to the left and anterior.)

4. Direct the patient to exhale slowly and hold the exhalation 
phase momentarily as directions of motion are carefully com-
bined in a smooth torsion arc of movement to promote a release 
and return to a central resting position

5. Retest shoulder/trunk motions in the seated position

Procedure No. 2: Concurrent Diagnosis and Treatment: 
Through the Upper Extremity
1. The patient is in a left lateral recumbent position. Stand in front 

of the patient. With the left forearm, support and introduce 
motion through the patient’s right arm, having it relaxed and 
folded at the elbow as seen in Figure 52D.13B

2. The right fi ngers overlie the tissue tension/restriction identi-
fi ed at the rib angle and monitor response to respiratory tests to 
confi rm continuing resistance to inhalation

3. Palpate for response to motion tests introduced through the 
patient’s right arm. Typical fi ndings include resistance to internal 

Figure 52D-12 Example 1: Right rib 3 resists exhalation. A. In 
seated position, motions introduced through the shoulder/trunk. 
B. In left side-lying position, motions introduced through the 
right arm.
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response of increasing ease. The palpable tension decreases to a sense 
of release, and the patient is returned to a resting state. Although 
these aspects of rib technique are presented as specifi c directions 
patterned to inhalation or exhalation restrictions, they should not 
be applied as if to copy a technique procedure. Rather, test each 
direction to promote appropriate summation of increasing ease, and 
monitor decreasing tension throughout each manipulation.

Thoracic Cage: Differentiating Somatic and 
Visceral Inputs

The spinal cord provides communication pathways that conduct 
impulses from sensory receptors in both musculoskeletal and vis-
ceral tissues. When noxious stimuli are persistent, the afferent 
bombardment contributes to palpable somatic manifestations of 
spinal dysfunction. Segmental motion asymmetries develop indi-
viduality in their dysfunctional behavior depending on the afferent 
source, somatic or visceral.

From functional methods in descriptive research, Figure 52D.3 
illustrates a three-segment confi guration of vertebral motion asym-
metries that characterizes somato-somatic refl ex activity. The 
primary dysfunction at the central segment demonstrates a com-
plete asymmetric behavior in response to motion tests introduced 
through the shoulders and trunk in the seated position; the sec-
ondary dysfunctions at adjacent segments display mirror-image 
(opposing) motion asymmetries. The refl ex basis for these second-
ary mirror images becomes apparent when all three segments return 
to motion symmetry following successful response to a functional 
manipulative procedure that addresses only the central (primary) 
dysfunctional segment.

In Figure 52D.4, the mirror-image phenomenon is still evident. 
However, this time it accompanies central segments that present a 
different primary orientation. The primacy relates to a vertebra and 
one adjacent rib at the same spinal level presenting identical motor 
asymmetries, rather than opposing. The term linkage applies to this 
phenomenon, because both vertebra and rib respond to motion 
tests in identical fashion, as if they were now linked together as a 
single mobile unit. This dysfunctional unit’s motion asymmetry is 
typically complete in rotary, translatory, and respiratory tests; sec-
ondary mirror images exist at the adjacent coupled segments, as 
indicated.

Clinical data from interexaminer (31) and longitudinal (32,33) 
studies with hypertensive subjects, as well as a controlled clinical 
trial with renal, hypertensive, and normotensive subjects (21) have 
supported the presence of linkage as a somatic manifestation of 
visceral disease. The characteristic motion asymmetries at several 
linkage sites are reproducible and have been reported (20).

Manipulative treatment at a linkage site requires attention 
to two aspects of the motion behavior disturbed at such a dys-
functional costovertebral level. The segmental locus demonstrates 
not only asymmetry to spinal motion tests in the seated position 
induced through the shoulders/trunk, but also in recumbent posi-
tions to motion tests introduced through the lower extremities. A 
manipulative approach to address the former behavior has been 
detailed for both diagnostic and treatment procedures, seated, in 
the preceding thoracic section of “Examples of Functional Tech-
nique.” However, maximum response at a linkage site also demands 
attention to motion behaviors related to the lower extremities (34). 
An example of diagnostic and treatment procedures follows.

Findings
Examined in the seated position, the patient has segmental 
dysfunction at spinal level T5, with linkage to left rib 5, and 

rotation (about the long axis of the humerus), adduction, and 
caudad movements

4. In the treatment procedure, monitor increasing ease to external 
rotation, abduction, and cephalad movements, during a directed 
slow exhalation phase of the patient

5. Following release, retest arm motion components in the side-
lying position and retest inhalation and exhalation throughout 
right ribs 2, 3, and 4

Although the description of these two examples of rib technique 
(exhalation restriction and inhalation restriction) begins with the 
seated phase followed by the side lying, the order is not necessarily 
important and can be optional.

The physician’s approach in functional technique is important. 
Evaluate immediately as each direction of motion is introduced. 
Combine these minor ranges in each direction, as described, to pro-
duce a smooth torsion arc of motion during the appropriate fi nal 
respiratory phase. This complements the continually monitored 

Figure 52D-13 Example 2: Right rib 3 resists inhalation. A. In 
seated position. B. In left side-lying position.
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of these other elementary directions of increasing ease. In Figure 
52D-14, abduction of the limb laterally from the table, fl exion, and 
caudad directions are combined. With the fi nding of resistance to 
inhalation, the fi nal decrease in palpable tension is maximized dur-
ing a slow exhalation phase to release, followed by return of the leg 
to natural positioning on the table. When successful, repeating the 
diagnostic tests involved with each leg will reveal a return to sym-
metry in these aspects of the dysfunctional behavior at T5.
Note: Apart from the linkage phenomenon, as recognized in the 
costovertebral region, an additional distinctive characteristic of vis-
ceral input is now applicable for those spinal levels lacking costal 
components, that is, in cervical, lumbar, and sacral regions. Our 
continuing interest in examination of viscerosomatic linkage sites 
has led to a descriptive study. The following excerpt details that 
characteristic:

For example, consider any non-linked dysfunctional vertebral or 
costal segment that shows increased resistance to the seated test 
for sidebending right as compared with left, introduced through 
the shoulders/trunk. In such an instance, an expectation also 
exists for increased resistance to sidebending right compared with 
left when introduced through the head/neck. However, segments 
involved in linkage do not show accord in response to these two 
apparently similar sidebending tests. Instead, segmental resis-
tance to sidebending right through the shoulders/trunk will 
accompany resistance to sidebending left introduced through the 
head/neck. This lack of accord serves as a convenient tool for use in 
differential diagnosis of active visceral infl uence in any spinal region 
dysfunction (34).

Comment: Regarding Somatic Manifestations of 
Visceral Input
When spinal analysis identifi es a site with palpable signs positive 
for visceral input, the search for the source of the visceral input 
narrows somewhat, based on the known distribution of visceral 
afferent pathways via dorsal routes (36,37). Further, the palpable 
characteristics of the spinal tissue changes presented at a site of 
visceral input bear directly on the time element involved. When 
historically connecting possibly relevant incidents of illness, recent/
current paravertebral soft tissue changes trend toward aspects of 
local prominence and congestion. On the contrary, when related 
illness is longstanding/recurrent, there is a depressed area of the 
spinal musculature overlying the transverse processes at the verte-
bral site central to the visceral input. This sparse, deep, horizontal 
band of markedly increased tissue tension refl ects the hypoxia asso-
ciated with tissues that are subjected to prolonged, concentrated 
refl ex action. In time, this action will be both primary visceral and 
secondary somatic, since the spinal dysfunction once initiated con-
tinues as a focus for motion stress and becomes self-maintaining 
within continuing demands of the motor system.

Innominate

The patient has an elementary kind of pelvic dysfunction, one with 
palpatory fi ndings localized to one side of the pelvis, with asym-
metric response to motion tests introduced through only the ipsi-
lateral lower extremity (and no resistance encountered with tests 
introduced through the contralateral limb).

Findings
There is a tissue texture abnormality (TTA) and limited mobility 
at the left ilium/gluteal region (at the level of S2). There is palpable 
resistance at the left innominate to external rotation (eversion) of 
the left lower limb.

resistance to inhalation locally (and to exhalation at adjacent seg-
ments above and below). There is also resistance to anterior trans-
lation, monitored at tissues overlying the transverse processes at 
T5 and the angle of left rib 5. Under these circumstances, posi-
tioning the patient prone (rather than supine) enhances posterior 
translation and begins to decrease the palpable tension locally, as a 
fi rst step in a functional procedure (35). The physician now stands 
at the left of the prone patient, as illustrated in Figure 52D.14. 
With both legs initially resting on the table, begin with the right 
leg resting semifl exed. With plantar contacts of your right hand 
at the patient’s right heel, control for the introduction of inver-
sion and eversion motion tests of the whole right limb. Monitoring 
responses with the left hand in contact at the T5 left linkage site 
will reveal immediately increasing resistance to both directions ini-
tiated. Similar testing with the left leg will reveal asymmetric behav-
ior; for example, with eversion there is once again resistance, while 
with inversion there is increasing compliance.
Note: For linked segments in the thoracic region, this characteristic 
behavior during lower extremity tests is typical, in that responses 
are asymmetric to tests with the leg ipsilateral to the linked costal 
component, while resistance is present in both responses to tests 
with the contralateral leg.

Procedure: Concurrent Diagnosis and Treatment of 
Costovertebral Linkage
Engage support at the knee for control of the patient’s left leg semi-
fl exed as illustrated in Figure 52D.14. Maintaining slight inver-
sion freedom, monitor responses at the T5 linkage site to compare 
inversion with eversion, fl exion with extension and cephalad with 
caudad directions of the limb. Select and combine initial aspects 

Figure 52D-14 Examination of linkage left site at T5 spinal level 
leads to treatment, prone, involving specifi c motion directions intro-
duced through the ipsilateral lower extremity. With appropriate 
control by right hand support at the left knee, the operator monitors 
response at the left hand contacting the linked costovertebral seg-
ments. (From Johnston WL. Segmental defi nition, part IV. Updating 
the differential for somatic and visceral inputs. JAOA 2001;5:278–
283, with permission.)
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at a diagnosed focus of TTA, and restricted mobility, wherever these 
are evident on pelvic structural examination (35). Specifi c direc-
tions of positioning and motion are then applied in a controlled 
manner to the pelvic location diagnosed, to ease increasingly the 
holding forces of restricted motor function.

Appendicular Regions

Note: There is a continuing application of principle here as the phy-
sician maintains use of the six elementary motions and respiration 
as functional tools for testing and reducing specifi c dysfunction in 
an appendage.

Findings
In this example, the left knee fails to hyperextend. On examination 
in the supine position with the physician standing at the left side, 
the left knee lies slightly raised from the table surface when com-
pared with the right. In this uncomfortable, slightly fl exed position, 
it is tenser to palpation than the right and resists further passively 
introduced extension. A prominence is palpable at the anterome-
dial border of the joint interspace (tibiofemoral), indicating the 
edge of the medial semilunar cartilage.

Position
The patient is supine and the left knee is fl exed; stand by the left 
side of the table.

Procedures: Concurrent Diagnosis and Treatment
1. The right palm spans the patellar area with the thumb follow-

ing the lateral aspect of the joint interspace. The third fi nger 
follows the medial aspect, as indicated in Figure 52D.16. This 
hand is keyed sharply to the distorted sense of rigid binding 
resistance where it is most apparent. Keep the contact light 
enough to appreciate this palpable marker, yet fi rm enough in 
grasp to assist in the manipulative procedure

2. The left hand fi rmly grasps above the left ankle to assist in 
slowly bringing the knee up into the freer direction of fl exion

Diagnostic Procedure
1. The patient is supine, with the left knee semifl exed and the foot 

resting on the table; the physician stands at the patient’s left
2. Locate with the right hand the area of TTA and limited mobil-

ity at the left ilium/gluteal region, at the S2 level, and maintain 
contact throughout the procedure

3. With the left hand at the patient’s left knee, initiate internal 
and external rotation (moving knee toward right, then left), 
revealing resistance palpated at the right hand to the initiation 
of external rotation (eversion)

4. Introduce similar comparison of internal and external rotation 
tests through the right semifl exed limb, but monitor it at the 
right hand, revealing left innominate compliance to both direc-
tions of the test

Treatment Procedure
1. Position the patient right lateral recumbent. Stand in front, 

with left hand contact at the innominate, TTA at level S2 
(Fig. 52D.15). Direct the patient to shift the pelvis slightly 
in anterior translation relative to the shoulders. Maintain this 
positional shift if this direction decreases tension at the S2 level, 
compared with posterior translation

2. With your right hand supporting the patient’s knees, introduce 
fl exion through both legs together to localize action at the S2 
sacral level monitored by the left hand

3. Now alter your support to the left leg only (Fig. 52D.15), with 
the right hand/forearm to monitor (in this example) the increas-
ing ease at your left hand in response to abduction of the limb (vs. 
adduction), backward bending (vs. fl exion), and caudal traction 
(vs. cephalad). Each of these components is combined during 
introduction of internal rotation (external rotation is resisted)

4. Direct the patient in inhalation (the direction of ease of the 
TTA)

5. During the fi nal component of directed inhalation ease, com-
bine these directional elements appropriately to achieve a palpa-
ble sense of decreasing tension and then a release by the holding 
forces. Return the limb to its resting position with the patient 
in lateral recumbency

6. Reexamining the motion tests supine indicates a return to sym-
metry of response at the left innominate, with reduced tissue 
tension of the left gluteal musculature

Variations in the fi ndings from those described for this example 
simply require application of elementary motion testing procedures 

Figure 52D-15 Right lateral recumbent position for left innomi-
nate technique.

Figure 52D-16 Appendicular example at the left knee. Right hand 
monitors and supports. Left hand introduces major motions in test-
ing and treatment.
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3. Explore additional directions of motion test for the limb while 
it is supported in freedom from the table by both hands: these 
motions address the other rotary aspects, which are found to be 
freer in medial rotation and abduction. Begin the introduction 
of these motions with the left hand and monitor response with 
the right

4. Maintain the initial introduction of rotary components
5. While still monitoring response at the knee, the tests using 

translatory directions for the limb indicate increasing ease ante-
rior, above the table (binding posterior), increasing ease to the 
left (compared with right), and cephalad (with binding in cau-
dal traction). The respiratory test indicates easier response to 
inhalation

6. In the fi nal maneuver, the right-hand contact at the knee guides 
the lifting support anteriorly to the left, while the left hand con-
trols the amount of each rotary motion in a cephalad direction 
via the distal tibiofi bular contact. There is a proportionately 
larger amount of fl exion introduced, guided by the sense of 
continuing increasing ease. (This aspect of the knee’s template 
of motion has the greatest range.)

7. Direct the patient to slowly exhale to promote the fi nal release 
of holding forces. Mobility then allows an easier return into 
improved extension range as the leg is guided back down onto 
the table

SUMMARY

The term functional technique applies to an indirect method of osteo-
pathic manipulation in which the treatment procedure is organized 
around palpatory information gained from tests for motor func-
tion. By paying attention to the feedback constantly monitored by 
the fi ngertips, the physician will experience improved psychomotor 
skill and profi ciency in the use of this treatment method, and in 
many other clinical procedures as well.

REFERENCES

 1. Ashmore EF. Osteopathic Mechanics. Kirksville, MO: Journal Printing Co., 
1915:72.

 2. McConnell CP. Osteopathic art, V. JAOA 1935;34:369–374.
 3. McConnell CP. Osteopathic studies, IV. JAOA 1931;31:206–212.
 4. Downing CH. Principles and Practice of Osteopathy. Kansas City, MO: Wil-

liams Publishing Co., 1923:162.
 5. Lippincott HA. The osteopathic technique of Wm. G. Sutherland, D.O. 

In: Northup TL, ed. Yearbook of the Academy of Applied Osteopathy. Ann 
Arbor, MI: Edwards Brothers Inc., 1949:124.

 6. Hoover HV. Fundamentals of technique. In: Yearbook of the Academy 
of Applied Osteopathy. Ann Arbor, MI: Edwards Brothers Inc., 1949:
25–41.

 7. Hoover HV, Nelson CR. Basic physiologic movements of the spine. In: 
Academy of Applied Osteopathy Year Book. Ann Arbor, MI: Cushing-Malloy 
Inc., 1950:65.

 8. Bowles CH. A functional orientation for technic. In: Page LE, ed. Year-
book of the Academy of Applied Osteopathy. Carmel, CA: Academy of 
Applied Osteopathy; Indianapolis, IN: American Academy of Osteopathy, 
1955:177–191.

 9. Lippincott HA. Basic principles of osteopathic technique. In: Barnes MW, 
ed. Yearbook of the Academy of Applied Osteopathy. Carmel, CA: Academy of 
Applied Osteopathy; Indianapolis, IN: American Academy of Osteopathy, 
1961:45–48.

10. Jones LH. Spontaneous release by positioning. DO 1964;4:109–116.
11. Johnston WL. Interexaminer reliability studies. Spanning a gap in medical 

research. JAOA 1982;81:819–829.

Chila_Chap52.indd   844Chila_Chap52.indd   844 8/6/2010   2:09:57 PM8/6/2010   2:09:57 PM



 52 • REPRESENTATIVE MODELS 845

■ Respiratory model—excursion of tissue with respiration can be 
tested with palpation, fl uoroscopy, or real-time MRI

■ Neurological model—tested with palpation and motion testing, 
or EMG

■ Inherent motions model—tested with palpation/sensing
■ Temperature changes/energy/emotions—tested with palpation, 

or thermography

In this chapter, we look at all of these models in connection with 
the respiratory system, but fi rst a look at history.

HISTORY

Dr. Still developed osteopathy in the late 19th century. He had 
been trained as a medical doctor, but found that he could treat 
most diseases by palpating dysfunctional areas, and treating them 
with his hands. He called this new science Osteopathy, meaning 
to “begin with the bones.” By fi nding where the bones were not 
properly aligned and where they were not moving properly, it can 
guide the physician to the area of the body that needs to be treated, 
as they refl ect where the forces of life are not moving properly. 
Notice that he “began with the bones,” but did not end there. In 
his writing, he constantly talked about joints, fascia, blood supply, 
nerves, internal organs, and lymphatic fl ow. Dr. Still, and his stu-
dents, treated all of the known medical diseases of the day.

Osteopathic manipulation of the viscera began with Dr. Still. 
He described treating many different digestive, respiratory, and 
urogenital complaints (1). For Dr. Still, almost all medical con-
ditions had an osteopathic treatment, in some cases curative, in 
some cases supportive. Dr. Still left few descriptions of techniques 
of any kind, but some of his early students, McConnell (2), and 
Barber (3) did. Dr. Still described few techniques in his writings; 
the most specifi c information was in his last book, Research and 
Practice, published in 1911.

There are many principles that we can learn from Dr. Still. For 
instance, when treating appendicitis, he would treat the colon fi rst, 
then the spine. In treating colic, he treated the spine fi rst, then the 
colon. Although he never spoke of his rationale, we can at least 
assume that there are times to start with the viscera, and times to 
start with the spine.

A little-known fact is that Dr. Still palpated temperature 
changes when looking for the dysfunctional areas. In The length-
ening Shadow of Andrew Taylor Still, (4) Hildreth states that he 
often observed Dr. Still running his hand along the patients spine, 
throat, thorax, abdomen and pelvis, looking for areas of heat or a 
variation in temperature.

One of Dr. Still’s earliest students was Carl McConnell. Dr. 
McConnell graduated from the American School of Osteopathy in 

Visceral Manipulation
KENNETH LOSSING52E

K E Y  C O N C E P T
In this section, emphasis is placed on direct palpation, evaluation, diagnosis, and treatment of viscera. Impaired or 
altered mobility/motility of the visceral system is refl ected in abnormal motion tests showing change in distensibility of 
attachments or change in normal viscoelasticity. The concomitant consideration is to recognize that visceral and pelvic 
pathologic processes have spinal effects.

CASE STUDY

A 78-year-old female presented to the office with a history of 
bronchitis for the last week. She has continued coughing and 
feeling sick in spite of medical therapy.

Physical Examination: 
Vital signs were normal. Pulmonary exam revealed diffuse 
rhonchi. Structural exam revealed restriction of ribs 1 and 2 on 
the left and rib 12 bilaterally. The left occiptomastoid suture 
was restricted. Decreased compliance of the lungs, increased 
tension in the trachea and bronchus, and congested lymphatics 
of the lungs, airways, and the thoracic cage were noted.

Diagnosis: 
1. Acute bronchitis
2. Somatic dysfunction—thoracic, rib, cranium.

Plan: 
The lymphatics of the airways were treated first. The ribs 
were then treated with balanced ligamentous tension tech-
nique. By then, the thoracic compliance had improved a lot 
and the patient was breathing easier. The lungs were directly 
treated last, as it was now possible to more accurately palpate 
their compliance. The lungs were treated by compression and 
decompression, which resulted in markedly improved compli-
ance and again improved the respiration. The coughing was 
reduced by significantly within an hour.

INTRODUCTION AND DEFINITION

Direct palpation, evaluation, diagnosis, and treatment of the vis-
cera have existed since the time of Dr. Still. This valuable approach 
opens the doors to being able to help a wide range of functional 
disorders. A visceral dysfunction is defi ned as “impaired or altered 
mobility or motility of the visceral system and related fascial, neuro-
logical, vascular, skeletal, and lymphatic elements.” This is refl ected 
in abnormal motion tests, showing a change in the distensibility of 
the attachments, or a change in their normal viscoelasticity, among 
other physical fi ndings.

This means we have different aspects/models of a dysfunction, 
each equally valid:

■ Fascial model—tested with motion testing and fascial pull 
(listening technique)

■ Fluid model—arterial and venous blood, interstitial fl uids, and 
lymphatics can be tested with palpation, Doppler ultrasound, or 
perfusion studies as necessary
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1901 and stayed on as an instructor for some years. Dr. McConnell 
was very prolifi c, writing 6 books and over 250 articles. Among this 
body of literature, he described direct treatment of all of the viscera, 
except the lungs and the heart. Dr. McConnell wrote over 10 dif-
ferent articles describing various visceral technique principles.

“Those who overlook ventral (visceral) technique are practicing a 
greatly limited osteopathy. In fact, confi ning osteopathic adjustment 
to the posterior plane (no matter how fundamental spinal therapy is) 
means the neglect of essential factors that even enter into vertebral and 
pelvic pathology. Structural lesions of the chest, abdomen, and pelvis fre-
quently originate primarily within these cavities. Of course these struc-
tural changes present concomitant affects in the spine, and vice versa.”

“There is no organ of the abdomen and pelvis that cannot be infl u-
enced by improving the structural and physiological balance through 
direct adjustment methods.”

Relatedness, 1939. “One of Dr. Still ’s most enlightening statements, 
embryologically, physiologically, biologically, and technically, in my 
opinion, is as follows; It is only the perfection of the organism and the 
connected oneness that is the keynote to osteopathic practice. Every part 
has a duty to perform not only for its own maintenance, but also for the 
health and harmony of the interrelated whole. This is part of the law of 
supply and demand, which is absolute through all of nature. It is impor-
tant to know the exact place that each organ and tissue occupies in its 
normal position. It is only by knowing the normal we are able to detect 
the abnormal. Each organ seems to be a creator of its own fl uid sub-
stances. We must know the nerve and blood supply and the drainage.”

One of Dr. Still’s other early students, Sutherland, credited 
him with the original idea of the cranial concept. Dr. Still often 
told his students that D.O. stands for “Dig On,” encouraging them 
to expand their view of osteopathy (7). While Dr. Sutherland is 
most known for his work in the cranial area, he never implied that 
it should be the only area diagnosed or treated. He gave multiple 
references to treating the viscera.

“When you want to observe the abdominal viscera that may be in pto-
sis, with the patient supine gently place one hand over or just below 
the area of interest. This hand is passive; it does nothing. Then place 
your other hand over it. You use the upper hand for gentle lifts and 
observation. That gentle application will tell you a great deal about 
where you are so that you can feel what the tissues can reveal. The 
lower hand can be permitted to sink into the tissues below, but the 
upper hand does the lifting in cooperation with the exhalation excur-
sion of the diaphragm.”

Jacques Weischenck, D.O., wrote one of the fi rst textbooks 
on visceral technique Traite d’osteopathie Viscerale in 1982. He 
described the normal exchange of pressure in the abdomen, visceral 
dysfunction chains, normal and dysfunctional axis of motion of the 
organs during respiration, palpatory diagnosis, and manipulative 
treatment for all of the abdominal viscera. His concept of organs 
having a normal axis of motion during respiration, which becomes 
perturbed in a dysfunction, was later tested and proved by two of 
his students, Georges Finet, D.O., and Christian Williamae, D.O.

The most prolifi c author, innovator, and teacher of visceral 
manipulation has been Jean-Pierre Barral. He graduated from the 
European School of Osteopathy in Maidstone, England, at a time 
when British Osteopathy consisted of spinal diagnosis and treat-
ment. At the time, most of the early American literature was not eas-
ily available. Barral applied the concepts he had learned for the spine 
in developing visceral approaches. In addition, he came up with the 
concepts of “general and local listening” to the tissues, manual ther-
mal diagnosis, visceral emotional connections, and visceral motility. 

Barral’s books (8), energy, enthusiasm, and love of teaching have 
resulted in visceral manipulation spreading across the world.

THEORETICAL CONSIDERATIONS

“Virtually all forms of organ injury start with molecular or structural 
alterations in cells, a concept fi rst put forth in the nineteenth century by 
Rudolf Virchow, known as the father of modern pathology. We there-
fore begin our consideration of pathology with the study of the origins, 
molecular mechanisms, and structural changes of cell injury. Yet differ-
ent cells in tissues constantly interact with each other, and an elaborate 
system of extracellular matrix is necessary for the integrity of organs. 
Cell-cell and cell-matrix interactions contribute signifi cantly to the 
response to injury, leading to collectively to tissue and organ injury, 
which are as important as cell injury in defi ning the morphologic and 
clinical patterns of disease.”

Robbins Pathological Basis of Disease (9).
In order to understand visceral approaches in osteopathy, we will 

need to do a short review/update of some basic sciences. Advances 
in biology, embryology, physics, and physiology over the last 30 
years have dramatically changed how we look at the mechanical 
forces generated, utilized, and distributed during human life.

In the past, it was thought that genetics determined everything. 
During the 1960s, the German embryologist Blechschmidt (10) 
questioned this idea. Based on the microscopic dissection of very 
young embryos, he concluded that mechanical forces generated 
during embryologic cellular growth interact with the environment 
to change the way the cell functions and what it develops into. 
Cellular circulation, metabolism, and waste removal start as soon 
as there are cells. Differential growth patterns, between the central 
nervous system, vascular system, the various organ systems, and the 
musculoskeletal system, cause tension and compression forces to 
affect the shape and function of the cells.

“It is now known that many cell types express different genes (i.e. 
perform different functions) in response to even small changes in their 
mechanical environment.” Humphrey and Delance (11).

Until recently, the organelles inside of cells were thought to 
be fl oating in the intercellular fl uid, as a sort of soup. It turns out 
that this is not the case. The organelles, cellular membrane, and 
nucleus are all interconnected by microtubules that act like a cel-
lular skeleton, and microfi laments that give elastic support to the 
cell (12).

With the recent discovery of integral proteins (intergrins) in 
the cellular membrane, we now know more about the mechanical 
links between the cell, the extracellular matrix, and all tissue sys-
tems (13). Intergrins mechanically connect the cell membrane with 
microfi laments, microtubules, the cell nucleus and DNA, with the 
extracellular matrix, transmitting mechanical forces of tension and 
compression throughout the whole organism.

Visceral ligaments are viscoelastic (14), that is, they act both 
like a fl uid and like a solid.

Visceral ligaments can respond to a “strain” (compression or 
tension) biomechanically speaking, with both elastic and plastic 
properties, depending on the amount of force and the amount of 
time over which the strain is applied. In an elastic deformation, 
the tissue returns to its original shape and confi guration after the 
straining force is removed. In a plastic deformation, the original 
shape and distensibility is altered, with a resulting storage of force. 
In a visceral dysfunction, the stress in the ligament has a certain 
amount of force stored (as potential energy or “potency”), in a 
certain direction, and that tissue has a certain speed that it will 
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respond to. This results in an altered viscoelasticity curve for that 
ligament. (The viscosity is more, the elasticity is less).

When that force is exactly matched, in force, direction, and 
speed, the tissue will change, returning to a more normal disten-
sibility. In the process, there is a dissipation of heat, movement of 
fl uid, and a restructuring of the elasticity curve. A dysfunction can 
be caused by any of or a combination of: trauma, mechanical stress, 
emotions, chemical imbalances, circulation problems, imbalances 
in the nervous system, imbalances in circulation of life forces, and 
hormonal imbalances.

The arteries, veins, nerves, and lymphatic channels to the 
internal organs all go through the visceral attachments (ligaments). 
If there is increased mechanical tension in the visceral ligaments, 
the fi rst fl uid vessels to get compressed (compromised) will be the 
lowest pressure, the lymphatic vessels and veins, leading to a rela-
tive edema, with retention of metabolic byproducts. With further 
increased tension, the artery can become compressed, leading to 
decreased nutrition, oxygen, and eventual death.

“Any occlusion of lymphatic vessels is followed by the abnormal accu-
mulation of interstitial fl uid in the affected part, referred to as obstruc-
tive lymphedema.”

Robbins Pathologic Basis of Disease (9).
Tension and compression forces are always in relationship with 

each other. Buckminster Fuller (15) coined the term tensegrity 
to describe architectural buildings/structures invented in 1948 by 
Kenneth Snelson. Tension occurs when something is stretched. 
Integrity is a state of wholeness. So, tensegrity is the balancing 
of tension and compression forces, attractive and repulsive forces, 
in a whole structure. When these forces and balanced and rela-
tively evenly distributed, the whole structure is stronger and able to 
withstand more stress. When the forces are unequally distributed, 
weakness and strain result. In the human body, we know bones 
take compressive forces, the connective tissues distribute ten-
sion forces, but the viscera also interact with both of these forces. 
Besides the static forces generated in architecture of buildings, the 
human frame also has the constantly changing forces of respira-
tion, circulation, physical movement, gravity, digestion, and other 
factors. Visceral and somatic dysfunctions cause an imbalance in 
the distribution of tension and compressive forces, weakening the 
whole structure.

Let us look at what happens during respiration and pulmonary 
ventilation. The movement of air into and out of the lungs depends 
on a few basic things: (1) the pressure and volume inverse relation-
ship: as volume increases, the pressure falls and the volume depends 
on the movement of the diaphragm and ribs, (2) internal and exter-
nal air pressure, and (3) the compliance of the lungs.

As the ribcage expands during inhalation, the anterior rib-
cage moves superior (pump handle rib motion), the lateral ribcage 
moves laterally (bucket handle rib motion), and the respiratory dia-
phragm descends. The excursion of the diaphragm during normal 
volume respiration is 1.5 to 4 cm, as measured by CT scan (16), 
but can go as far as 7 cm. At the same time venous blood fl ow in 
the superior vena cava increases, and in the portal vein decreases. 
This shows a clear respiratory effect on blood circulation. At the 
same time, the pericardium swings around the attachments for the 
great vessels, with its inferior border moving 1.5 cm medial and 
inferior (17). The thoracic contents mechanically are stretched, so 
the tension increases in the pericardium, pulmonary ligaments, and 
lung parenchyma, as the negative pressure inside the lungs becomes 
more negative (8), and the negative pleural pressure becomes more 
negative. The negative pleural pressure keeps the visceral and 

parietal pleura in contact, which also increases the mechanical 
tension to the lung parenchyma. Normal tidal volume is about 
500 mL air.

As the thoracic contents expand, along with diaphragmatic 
contraction, it compresses the abdominal contents. The splenic 
fl exure of the colon descends an average of 1.43 cm and the sig-
moid colon descends less, about 0.25 cm. Using fl uoroscopy and 
ultrasound, all of the abdominal viscera have been proved to move 
in the sagittal, coronal, and frontal planes in specifi c reproducible 
motions (7). These movements become perturbed in a visceral dys-
function and can be normalized with treatment.

The lymphatic system of the lungs plays many roles, immune 
response, disease resistance, and fl uid drainage. The lymphat-
ics may become congested due to infection, infl ammation, inha-
lational allergies, and mechanical tension in the surrounding 
tissues. If the fl uid drainage is impaired, the mechanical tension 
increases, leading to less compliance in the lungs. Only recently has 
it been discovered that the lymphatic vessels between the valves, 
called lympangions, contract. These movements are biphasic and 
palpable (18).

During rest and exercise, the tidal volume changes, depending 
on demand, but also depending on the functional capacity of the 
overall structure. For instance, it is easy to understand that if a rib is 
in dysfunction, it will not move as well, the thorax will not be able 
to expand as well, and less intrathoracic volume translates into less 
air inhaled and exhaled. What may not be as immediately evident 
is the fact that the compliance of the lungs can be impaired by 
mechanical factors, also reducing tidal volume. A visceral dysfunc-
tion of a lung will refl ect itself in reduced compliance.

Stretch receptors of the lungs connect via the vagus nerve 
to the ventral respiratory group of the medulla. Visceral affer-
ent receptors send information to the spine, and also the brain. 
They are chemosensitive, mechanosensitive, and thermosensitive. 
The sensory system can be overstimulated leading to a decreased 
threshold required for stimulation. Osteopathic literature has 
called this facilitation, very similar to the current medical terminol-
ogy of peripheral and central sensitization. Whatever the mecha-
nism, and whatever the current terms, the functional result is an 
associated mechanical tension. In the case of the sympathetics to 
the lung, facilitation will result in a restricted upper thoracic seg-
ment, or segments, between T1 and T6, or rib restrictions in those 
areas. The parasympathetics can also be irritated. Cranial dysfunc-
tion near the jugular foramen can compress the vagus nerve, and 
there is some reason to think that the parasympathetic nerves can 
become facilitated also.

Since the time of Hippocrates, there have been clinical asso-
ciations between problem areas of the body and an increased out-
put of heat in the same area. Hippocrates is said to have put wet 
mud on a person, to see where it dried fi rst, in an attempt to 
localize the problem. We know, of course, that often in ankle 
sprains, the area of the ligament is warmer. What has been less 
clear is why there are so many small temperature variations in 
a person’s body. Clinical research using temperature recording 
devices over the 10 years has led to the conclusion that somatic 
and visceral dysfunctions (functional problems) project heat imbal-
ances, generally warmer, but sometimes cooler, relative to the sur-
rounding area.

To summarize, a visceral dysfunction of the lungs and airways 
will have related spinal and rib dysfunctions, cranial dysfunctions, 
neurological dysfunctions, lymphatic other fl uid dysfunctions, and 
temperature imbalances. The art of practice is to fi nd out the most 
effi cient treatment order and the most effective treatment that the 
body can accept.
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INDICATIONS, CONTRAINDICATIONS, AND 
COMPLICATIONS

The indications for visceral technique can be categorized into the 
following:

1. Visceral dysfunctions associated with known medical diagnosis. 
Almost all medical diagnosis of the viscera have a component 
that is functional, in other words, can be changed. Since the 
functional component cannot be recognized with lab or radio-
logical test, the only way to fi nd out is to treat it. Generally 
one to three treatments will reveal if an osteopathic approach is 
helpful and cost effective

2. Visceral dysfunctions mechanically connected to somatic dys-
function. The viscera are connected to the musculoskeletal sys-
tem by connective tissue forming functional chains that connect 
from head to toe, all of the anatomical structures

Contraindications to visceral treatment are abdominal aneurysm, 
internal bleeding, infections uncontrolled by antibiotics, severe 
pain induced by palpation or manipulation, and medical indica-
tions for emergent medical workup.

PALPATION AND DIAGNOSIS

Palpation of the viscera starts with being able to identify the indi-
vidual organs. The liver, for instance, is easy to identify and palpate 
for texture, outline, and size. The lungs, however, present some 
challenges. How is it possible to palpate through the ribcage to 
feel a lung? Perhaps not as diffi cult as one might expect, if one 
remembers Newton’s second law: “For each action, there is a reac-
tion.” In this case, doing layer palpation on the thorax will reveal 
skin, superfi cial fascia, muscles, ribs, endothoracic fascia, pleura, 
and fi nally the lungs. As one compresses deeper, each layer will 
press back into the hand. At each layer, one can palpate for fascial 
pulling in the direction of tension, a dysfunction, and motion test 
for directions of ease and directions of increased tension, a barrier.

EXAMPLES OF TECHNIQUE

When considering any organ, of course it is needed to appreciate 
all of the functional connections. Here is a brief look at a few of the 
viscera themselves.

THE MAINSTEM BRONCHUS AND AIRWAYS

The main stem bronchus can be appreciated by tractioning the 
trachea superiorly to tension, and while maintaining the tension, 
translate it to the left and the right, noting distance and end feel. If 
there is no abnormal tension, one should be able to feel the airway 
distend all the way to the inferior lobes of both lungs. If there is a 
dysfunction, the distensibility will be less and the “end feel” harder. 
For instance, if the right airway is in dysfunction, there will be 
a shorter tracheal translation to the left, and the end feel will be 
harder. To mobilize the right airway, traction the trachea superi-
orly to tension while palpating the second and third rib interspace 
about 2 to 3 cm from the midline. A slight inward tug will be 
noted. Using the right thenar eminence at that place, compress 
posteriorly until a slight feeling of tension is appreciated. Have the 
patient inhale and exhale, drawing the area inferiorly during each 
exhale, and maintaining tension during the inhale. Typically within 
about three breaths a release will be felt. Recheck the motion test-
ing parameters.

The Lungs

To evaluate and treat the right lung, place the patient in the left 
lateral recumbent position. Place the left hand over the lateral 
chest wall at the level of ribs 3 to 6. Place the right hand over the 
left hand. Use the right hand to compress and the left hand to 
palpate. Pay attention to each layer, skin, adipose, superfi cial fas-
cia, external muscles, ribs, intercostal muscles, endothoracic fas-
cia, parietal pleura, visceral pleura, and the lung. Feel if the lung 
is being tractioned superior/inferior, anterior/posterior, or medi-
ally/laterally. Motion test in these same directions to reconfi rm 
the fi ndings (Figs. 52E.1 and 52E.2). In the plane of the largest 
restriction, fi nd the direction of ease. Find the midpoint between 
the restrictive barrier and the physiological barrier in the direc-
tion of ease. Stack the middle point of all three planes, and add 
a slight compression. A change in the viscoelasticity will be felt 
as the dysfunction resolves. Recheck fascial pull and motion test-
ing. If these are not fully balanced, take the tissues to the larg-
est remaining barrier, and stack the remaining two planes at their 

Figure 52E-1 Diagnosis and treatment of bronchi—superior.

Figure 52E-2 Diagnosis and treatment of bronchi—anterior/
posterior.

Chila_Chap52.indd   848Chila_Chap52.indd   848 8/6/2010   2:09:57 PM8/6/2010   2:09:57 PM



 52 • REPRESENTATIVE MODELS 849

REFERENCES

 1. Still AT. Osteopathy Research and Practice, Journal Printing, 1910, Seattle, 
WA: Eastland Press, 1992.

 2. McConnell CP. Selected Writings of Carl Philip McConnell, D.O. Columbus, 
OH: Squirrel’s Tail Press, 1994.

 3. Barber E. Osteopathy Complete, 1898.
 4. Hildreth A. The Lengthening Shadow of Andrew Taylor Still. Kirksville, MI: 

Simpson Printing, 1942.
 5. Sutherland WG. Teachings in the Science of Osteopathy. Portland, OR: Rudra 

Press, 1990.
 6. Weischenck J. Traire D’Osteopathis Viscerale. Paris: Malione, 1982.
 7. Finet G, Williame C. Treating Visceral Dysfunction. Portland, OR: Stillness 

Press, 2000.
 8. Barral JP. Visceral Manipulation, 1988; Visceral Manipulation II, 1989; The 

Thorax, 1991; Manual Thermal Evaluation, 1996. Seattle, WA: Eastland Press.
 9. Robbins and Cotran. Pathological Basis of Disease. 7th Ed. Philadelphia, PA: 

Elsevier, 2005.
10. Blechschmidt E. The Stages of Human Development before Birth. Philadel-

phia, PA:W.B. Saunders Company, 1961.
11. Humphrey JD, Delance SL. An Introduction to Biomechanics. New York: 

Springer-Verlag, 2004.
12. Guyton AC, Hall JE. Textbook of Medical Physiology. 11th Ed. Philadelphia, 

PA: Elsevier Saunders, 2006.
13. Oschman J. Energy Medicine: The Scientifi c Basis. London: Churchill Liv-

ingston, 2000.
14. Hall S. Basic Biomechanics. 4th Ed. New York, NY: McGraw Hill, 2004.
15. Baldwin J. Bucky Works: Buckminster Fuller’s Ideas for Today. New York, NY: 

John Wiley and Sons, 1996.
16. Gierada D. Radiology. 1995;194:879–884.
17. Fredrickson JO. J Radiol. 1995;195:169–175.
18. Chikly B. Silent Waves. 2nd Ed. Scottsdale, AZ: International Health and 

Healing Publishing, 2002.

restrictive barriers. Add a slight compression, and wait for the 
release. When the motion testing is normalized, compress the lung, 
and release, noting the ease and speed of the return. Assume this 
speed, compressing and releasing, until a viscoelasticity shift in the 
tissue is felt.

CASE STUDIES

Case Study 2
A 45-year-old female presented to the office with a 2-year 
history of right flank pain subsequent to a motor vehicle acci-
dent. During the accident, her trunk was rotated to the right. 
Her car was struck from behind. Using general and local lis-
tening, it was found that the right kidney was in a second 
degree ptosis (dropped inferior more than a centimeter and 
externally rotated). The kidney was mobilized. On a follow-up 
visit one month later, the patient reported all flank pain to be 
resolved.

Case Study 3
A 7-year-old female presented to the office with a 6-month 
history of tummy aches and a sensation of acid in her mouth. 
No other symptoms were present, and her medical history was 
otherwise normal. Physical exam revealed somatic dysfunction 
of the left occiptomastoid suture, T6 on the left, and a visceral 
dysfunction of the gastroesophageal junction. These areas were 
treated. On a follow-up visit one month later, she reported no 
tummy arches and no instances of acid taste.

Still Technique
RICHARD L. VAN BUSKIRK52F

K E Y  C O N C E P T

In this section, emphasis is placed on introduction of a force vector resulting in a smooth arc carried toward the 
position of tissue compliance. The position is altered while maintaining this force, carrying it toward and through the 
position of restricted position and motion. Historically, this is described as a redevelopment of a manipulative method 
developed and used by Andrew Taylor Still.

CASE STUDY

A 47-year-old male presents with a complaint of pain, numb-
ness, and tingling in his right hand and forearm that developed 
rather suddenly after a fall about 3 months ago. He states that 
his right hand appears much weaker than it used to be. He is 
right handed. He also admits that he has some pain in his right 
neck and dorsal shoulder since the fall. His symptoms have 
affected his ability to work (he is an accountant and uses com-
puters daily), and over the past week, his sleep is disturbed.

X-rays of his shoulder were unremarkable but those of his 
neck showed mild C6-7 disc space narrowing and mild spon-
dylotic changes involving C4-6. An electrophysiological study 

of his brachial plexus demonstrated no abnormalities, including 
specifically no evidence of conduction slowing across the wrist, 
eliminating carpal tunnel syndrome. An MRI of the cervical 
spine demonstrated mild degenerative discs in the lower cervi-
cal spine, spondylotic changes, but only a mild stenosis involv-
ing the left C5 and C6 foramen.

Past medical history includes being slightly overweight 
and asthma as a child. He denies any history of diabetes, thy-
roid disease, peripheral vascular disease, or neurological disease. 
He does not smoke and limits himself to one glass of wine 
whenever he and his wife have dinner at a restaurant. Review of 
systems reveals that he admits to occasional heartburn but only 
after eating spicy foods.
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friend and mentor, Herb Yates, D.O., F.A.A.O., as “indirect and 
then direct.” Currently, the method includes the following steps:

1. Evaluate the affected tissue and place it in its position of ease
2. Introduce a force vector to the affected tissue from another part 

of the body. This compression or traction should be less than 
5 lb (2 kg)

3. Use the force vector to move the affected tissue initially into a 
smooth path to its position of ease and then alter the position 
while maintaining this force toward and through to the position 
of the restriction of position and movement

4. As the tissue moves through its restriction, a “bump” and/or a 
click may be felt or heard. Neither is necessary for correction of 
the somatic dysfunction

5. The region is passively moved back to neutral and retested

It is apparent that the Still technique shares components with a 
number of other manipulative methods in use in osteopathic medi-
cine today. Its position of ease is comparable to the treatment posi-
tion of Counterstrain (5). The restricted position through which 
the tissue is carried is identical to the positioning for muscle energy 
(3,9,10) and HVLA (3,20).

Still technique has even more in common with Facilitated Posi-
tional Release developed by Schiowitz, D.O., F.A.A.O. (11,12), 
although there are notable differences:

1. Still technique’s position of ease is more exaggerated than FPR’s 
“easy neutral.”

2. Still technique requires movement of the affected tissue from its 
ease through the restriction. FPR does not require such move-
ment although frequently its practitioners include a fi nishing 
movement into the range of the initial restriction

Among the manipulative techniques that Sutherland, D.O., taught 
besides cranial osteopathy are those “for the rest of the body.” 
Although there is a range of different methods currently being 
taught as derived from Sutherland under the term ligamentous 
articular strain (refs), some are quite similar to the Still technique. 
Starting with the tissue placed at ease, compressions introduced 
into the tissue, and then that compressive force and myofascial 
unwinding are utilized to carry the tissue from ease past restriction. 
Sutherland himself commented that Dr. Still tended to use a rather 
more direct approach than what he was accustomed to using since 
Sutherland felt the tissue’s own vitality should carry the tissue into 
release (ref ). As with this and some of the other techniques (i.e., 
FPR, counterstrain, HVLA), the operating forces are all applied by 
the physician and the patient remains passive throughout.

Finally, there is the Still-Laughlin technique preserved and 
taught in the modern era by Edward Stiles, D.O., F.A.A.O. (per-
sonal communication; see also Ref. [19] ). It is hypothesized that 
this advanced method was a development by Dr. Still toward the 
end of his life. It uses much of the same technique as the Still 
technique, but requires additional identifi cation of the Key dys-
functions or areas of greatest restriction. These are addressed by 
subsequent stacking of each identifi ed dysfunction into its position 
of ease on top of those lower in the body and then sequentially 
using the force vector to unwind the body through each dysfunc-
tion. It is an incredibly effi cient method but requires a high degree 
of anatomical knowledge, diagnostic ability, kinesthetic appre-
ciation, and intense concentration. As such, it is not considered a 
technique that is easily mastered.

The physiological and anatomical mechanisms thought to 
underlie the Still technique have been extensively discussed else-
where (17,19). Basically, they are based on the concept that a 

Physical Examination: 
HEENT, GI, GU, Neuro—noncontributory. CV—positive 
Adson’s right. The musculoskeletal examination reveals no ten-
derness or restriction of motion of the wrist (i.e., scaphoid and 
lunate bones), the elbow (radial head, medial, and lateral elbow 
condyles), and the anterior shoulder and clavicle. No joint restric-
tions are noted in the right arm although there is some tender-
ness over the coracoid process and proximal medial humerus 
with restrictions in shoulder anterior and anterior-lateral flexion 
indicating tightness in the pectoralis minor and major.

Examination of the cervical spine and first ribs identifies 
the following restrictions: AA is rotated right; C5 ERS right, 
C6 FRS left, C7 ERS and the right first rib head is superior, 
tender, noncompliant to compression, and immobile during 
exhalation. The left first rib head is relatively inferior at rest, 
tender, noncompliant to compression but immobile during 
inhalation. Thus, both first ribs are restricted, even though the 
only nerve compression symptoms are on the right. Spasm and 
tenderness are noted in the trapezius muscles and rectus capitus 
posterior superior bilaterally, and the right posterior and medial 
scalene muscles.

Other spinal segmental restrictions are T1 N SR RL, T3 
FRS right, T4 ERS right, T6 ERS right, T10 ERS right, T11 
FRS left, L2 FRS right, L3 ERS left, and L4 FRS right. The 
right innominate is anteriorly rotated and the sacrum shows 
fascial restrictions at the sacral sulcus and ILA on the left.

ASSESSMENT

1. Acute brachial plexopathy
2. Somatic dysfunction—OA, cervical thoracic, lumbar, sacrum, 

pelvis, and rib

PLAN

1. OMT to the above areas using Still technique

The restrictions producing the acute brachial plexopathy are most 
likely due to dysfunctions of the cervical spine or fi rst rib. The 
possibility that this could represent a carpal tunnel syndrome 
related to his repetitive computer use has been eliminated as has 
the remote possibility of it representing a Pancoast’s tumor in the 
lung apex.

HISTORY

The Still technique is a redevelopment of a manipulative method 
originally developed and used by the founder of osteopathic medi-
cine, Dr. Andrew Taylor Still. The methodology was abstracted 
from a few quotes by one of Dr. Still’s students and colleagues at 
the American School of Osteopathy, Hazzard, D.O. (4). The fi rst 
modern statement of this recovered method was published in the 
Journal of the American Osteopathic Association in 1996 (18). Subse-
quently, a more up-to-date and complete description of the Still 
Technique and its many applications has been published (19). The 
attribution of the technique to Dr. Still has been repeatedly con-
fi rmed by applying Dr. Still’s own quoted applications (ref ) as well 
as being validated by the use of descriptive writings by other stu-
dents of Dr. Still’s students and colleagues (2,4,8,15,16).

The abstracted method of the Still technique had been described 
by Carl Phillip McConnell, D.O., Ph.D., and later by the author’s 
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somatic dysfunction develops and is maintained by a complex inter-
action of neural elements, particularly the nociceptor and central 
nervous system repatterning (memory), myofascial repair mecha-
nisms and elastic memory, and immunological, infl ammatory, and 
vascular changes. The Still technique starts at ease, disarming the 
neurological protective mechanisms and relaxing the myofascial 
components. The force vector allows repatterning of the neuro-
fascial-vascular complex in the same fashion that trauma originally 
triggered the somatic dysfunction but in a normalizing direction, 
freeing the tissue from its restriction.

The Still technique is used successfully to treat virtually all 
tissues of the body, including the cranium, spine, sacrum, pelvis, 
limbs, muscles, tendons, ligaments, and viscera. Its effi cacy is only 
limited by the practitioner’s knowledge of functional anatomy. As 
with most manipulative techniques, it is not advisable to use Still 
technique across recent wounds (surgical or otherwise) or fractures 
less than 6 weeks old. Since it utilizes minimal force, it is safe to use 
for patients of all ages.

Diagnostic methods used for the Still technique are similar 
to those used in determining muscle energy or HVLA diagno-
ses, although the Still Technique Manual (19) does give a number 
of practical shortcuts. The defi nitions of rib and sacral dysfunc-
tions used in Still technique are different from those commonly in 
use (19).

In the case of an acute brachial plexopathy, such as is seen in 
the aforementioned case study, the primary focus is on the sites of 
possible restriction to the brachial plexus and as well to the areas of 
pain. Logically, one would also address and treat the lumbosacral 
somatic dysfunctions present since failure to do so could result in a 
recurrence of the cervical, thoracic, rib, and shoulder dysfunctions. 
However, space constraints preclude further discussion of treat-
ment for the sacrum and pelvic bones.

TECHNIQUES

739.8: Rib Somatic Dysfunction

The superior right fi rst rib dysfunction results in the position of 
the head of the fi rst rib at ease in a superior position, while the 
costomanubrial connection will be relatively inferior. Positioning 
the neck into a fl exed and side bent away position from the side of 
the superior fi rst rib head will place that rib at ease. Its restriction 
will be with the neck extended and side bent to the same side as 
the affected fi rst rib:

1. The patient is seated
2. The physician stands either facing or behind the patient
3. Place the monitoring hand so that the index fi nger is on the 

affected fi rst rib head
4. Place the operating hand on the top of the patient’s head
5. The head and neck are side bent and fl exed toward the side 

opposite the affected fi rst rib (left in this case). This position 
produces tissue relaxation over the rib head (Fig. 52F.1)

6. Introduce compression through the head in a vector toward the 
affected rib head

7. While maintaining the compression vector from the top of the 
patient’s head, the patient’s head and neck are moved into side 
bending toward the affected rib. Finally, extension is intro-
duced. Alternately, one can start by carrying the head and 
neck into extension fi rst and then into side bending toward the 
side of the elevated fi rst rib. Either sequence may be effective 
(Fig. 52F.2)

8. After release is noted, the head and neck are returned to neutral
9. The dysfunction is reassessed

If a fi rst fi b head is inferior, the position of ease will be with the 
neck side bent toward the side of the inferior rib head and extended 
down to the rib head. Treatment will carry the neck (and fi rst rib 
head) into fl exion and side bending away from the side of the infe-
rior fi rst rib.

739.2: Thoracic Somatic Dysfunction

Thoracic segmental dysfunctions seen in this case study include 
vertebrae below T1 or T2. Treatment can be performed in various 
positions. An example is T3 F RL SL:

1. The patient is seated on a table
2. The physician stands behind the patient
3. The pad of the index fi nger of the monitoring hand that of the 

same side as the somatic dysfunction is placed over the promi-
nent transverse process of the affected segment

4. The physician’s other arm is placed over the patient’s opposite 
(right) shoulder around the superior chest wall and that hand is 
placed on the shoulder on the side of the somatic dysfunction 
(ease). This gives the physician adequate leverage to introduce 
the necessary fl exion or extension, compression, side bending, 
and rotation

Figure 52F-1 Superior fi rst rib, right, initial position.

Figure 52F-2 Superior fi rst rib, fi nal position.
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5. The patient’s thorax and spine are then fl exed (in this case) and 
rotated toward the side of the somatic dysfunction (left) and 
compression introduced (Fig. 52F.3)

6. Once the tissues and transverse process have palpably relaxed, 
the operating arm simultaneously reduces fl exion and rotates 
the spine through neutral and then into the previously restricted 
range (right side bending and rotation with extension) 
(Fig. 52F.4)

7. Compression is reduced and the patient is passively returned 
to neutral

8. The somatic dysfunction is reassessed

Extended thoracic somatic dysfunctions can be treated with the 
same method except that the spine is brought to an extended, side 
bent and rotated toward the side of ease position, the compression 
force vector is introduced, and the spine and the segment are car-
ried into fl exion, side bending and rotation toward the opposite 
side (restriction). It should be noted that this same method can be 
used throughout the lumbar spine as well.
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Chapman’s Approach
CHRISTIAN FOSSUM, MICHAEL L. KUCHERA, WILLIAM H. DEVINE, AND KENDALL WILSON52G

K E Y  C O N C E P T
In this section, emphasis is placed on identifi cation of gangliform contractions believed to be fascial congestions 
resulting from lymph stasis secondary to visceral dysfunction. These contractions are generally deep to the skin and 
subcutaneous tissue, most often lying on the deep fascia or periosteum. Generally described as neurolymphatic 
points, vibratory stimulation is utilized for reduction/elimination of the points.

CASE STUDY

A 34-year-old female presented to the office with complaints of 
gastrointestinal (GI) upset, nausea, and vomiting. The nausea 
and vomiting started suddenly 7 days ago and has continued 
“on and off.” She was seen in the ED 3 days ago and a diagnosis 
of early viral gastroenteritis was made. The medicine prescribed 
had helped the nausea, but the patient continued to have vom-
iting, fatigue, and weakness. She complained of abdominal pain 
that was diffuse, sharp, and cramping with eating. She denied 
fever or chills.

Physical examination revealed a lethargic female with vital 
signs of T = 98.0, P = 112, R = 20, B/P = 110/80 (normal 
for the patient was 80+/60). Abdominal examination revealed 
suprapubic tenderness to palpation. There was no hepatomeg-
aly. Structural exam revealed a tender Chapman’s reflex (CR) 
on the anterior sternum consistent with pylorus. The blood 
sugar was normal at 73 mg/dL. The urine dipstick revealed 
a high specific gravity of greater than 1.030. The pH was 6.0. 
There were moderate-large ketones along with 2+ urobilogen 
and a trace of bilirubin.

Diagnosis: 
Vomiting with Dehydration

Plan: 
The patient was admitted to the hospital for further workup and 
rehydration. The patient had a complete workup that included 
abdominal and pelvic ultrasounds and an upper GI. Other than 
dehydration, all findings were normal except for “mild swell-
ing of the duodenum” on the UGI, which was reported as a 
“nonspecific finding.” She was treated with IV fluid replace-
ment. The patient was discharged on the third hospital day. 
Her discharge diagnosis was gastroenteritis with fluid depletion 
and dehydration.

Her physician continued to treat the patient weekly for 
headaches using cranial osteopathy. At each of these weekly 
visits, the patient would report that her GI problem was “get-
ting better.” Each time, the CRs on the sternum remained 
tender—indicating pyloric stenosis (although not always at the 
same intensity of discomfort as originally noted).

After 11 weeks, the physician performed another regional 
screen for CR. Again, there was a positive reflex for pyloric steno-
sis, but also positive reflexes for stomach peristalsis and stomach 
acidity. The patient finally admitted that she really had not been 
able to keep much food down since leaving the hospital.

The patient was referred to an osteopathic internist for 
reevaluation. Endoscopy revealed pyloric valve swelling and 
constriction necessitating the use of a pediatric endoscope to 
examine the duodenum. A new diagnosis of prepyloric antral 
ulcer was made.

In this case, CRs identified the problem almost 3 months 
before the definitive diagnosis was made by endoscopic evaluation. 
Although the original diagnostic workup was negative, only the 
CRs consistently pointed to the correct diagnosis 2 months prior 
to reevaluation. CRs correlate well with her final diagnosis.

DEFINING CRs

The palpable tissue texture phenomenon known as a Chapman’s 
refl ex has a rich history, appreciating the historical evolution of its 
defi nition and integration by different practitioners, and provides a 
better understanding of how today we locate, interpret, and clini-
cally use this somatic fi nding. The current defi nition used by the 
osteopathic profession defi nes CRs as “a system of refl ex points that 
present as predictable anterior and posterior fascial tissue texture 
abnormalities (plaque-like changes or stringiness of the involved 
tissues) assumed to be refl ections of visceral dysfunction or pathol-
ogy” (ECOP, 2006). This defi nition encompasses the lymphatic, 
neuroendocrine, and autonomic response to injury, illness, and dis-
ease as palpable and predictable viscerosomatic tissue refl exes found 
on the anterior and posterior body surface. Historically, defi nitions 
of the CR point refl ect its structural feel linked to an evolving spec-
ulation as to the underlying dysfunction causing it (Table 52G.1).

Several mechanisms for the CR points have been proposed 
by those who value their use empirically. These include lymphatic 
abnormalities, fi brositis deposits, infl amed lymph vessels passing 
over ribs and bones, infl amed nerve endings, and infl amed sympa-
thetic nerve fi laments around terminal arterioles (Ketchum, 1943). 
Thus, it can be seen that lymphatic, neuroendocrine, and autonomic 
interactions were considered to be a part of CRs from early on.

HISTORICAL BACKGROUND

Early osteopathic medicine emphasized the role of the nervous 
system and body fl uids in health and disease. Somatic dysfunc-
tions of the musculoskeletal system were considered to be ana-
tomical abnormalities obstructing these physiological processes, 
and through these structure and function considerations, osteo-
pathic manipulation was employed to assist the body’s recovery 
from injuries, illnesses, and disease (Deason, 1940; Hulett, 1922; 
Still, 1899, 1902, 1910). This was the prevailing philosophy when 
Frank Chapman (1871 to 1931) enrolled at the American School 
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of Osteopathy in Kirksville, Missouri. After graduating in 1899, 
he returned to Galesburg, Illinois, where he practiced until his 
death (Samblanet, 1944). In 1901, Chapman had a patient with 
severe adenitis whose response to osteopathic treatment directed 
to the spine was slow. He noticed that the groin glands and those 
on the medial side of the thighs were indurated and painful, and he 
decided to gently manipulate these glands and nothing else. When 
the patient returned, his improvement was such that he confi ned 
the treatment solely to the manipulation of these indurated areas. 
This observation led Chapman to a more detailed study of the lym-
phatic system and its role in health and disease (Lippincott, 1946). 
Building on his osteopathic knowledge, which at that time lacked a 
detailed discourse on the lymphatic system, Chapman came across 
Mechanical Vibratory Stimulation published by Maurice F. Pilgrim, 
M.D., in 1901. This seminal text emphasized the capacity for 
mechanical stimulation of refl ex centers to infl uence body fl uids 
and lymphatic drainage, thereby affecting a variety of physiological 
functions such as respiration, digestion, secretion, excretion, and 
muscular metabolism (Pilgrim, 1903; Lippincott, 1946). Though 
Pilgrim’s method of treatment differed from Chapman’s, it was 
likely to have provided him with the inspiration that eventually led 
to the conception of lymphatic or CRs.

Encouraged by positive clinical outcomes, Chapman diligently 
began making observations and case records. He mapped the con-
gested lymphatic areas that he found in consistent locations close to 
the body surface and, believing that they bore a physiological relation 
to the lymphatic and nervous system, referred to them as neurolym-
phatic points. By the late 1920s, Chapman located over 200 centers 
on the body surface and established their association with the visceral 
and endocrine glands (Lippincott, 1946). He published his observa-
tions and the fi rst chart in his 1929 text Lymphatic refl exes: a specifi c 
method of osteopathic diagnosis and treatment (Chapman, 1929).

Charles Owens, D.O., was Chapman’s brother-in-law and 
classmate at the American School of Osteopathy. He had little 
involvement in the development of the CR system until close to 
Chapman’s death. Owens asked Chapman’s clinical opinion on an 
encumbering dizziness that was troubling him. He was intrigued 
by the manner in which Chapman diagnosed and relieved the ail-
ment. Owens encouraged Chapman to chart the specifi c refl ex 
lesion areas for the wider use by the osteopathic profession, a task 
completed shortly before Chapman’s death (Samblanet, 1944). The 

concept of the CRs was introduced to the osteopathic community 
in an article penned by Owens (1930):

“In this connection, I am glad to draw attention to the conclu-
sions of an osteopathic physician, Dr. Frank Chapman of Gales-
burg, IL. As a result of years of research and study, Dr. Chapman 
advances the idea that in addition to the well-known spinal and 
sympathetic nervous system, with its controlling nerve centers, 
there lies within this same system an independent group of gangli-
form centers which control the activities of the lymphatic system 
in its relation to the viscera of the body, the knowledge of which 
enables the practitioner to determine with the utmost precision 
and accuracy the exact state of the various organs of the body.... 
That this information will be received with profound interest by 
that portion of the profession who have given much attention to 
the spleen and lymph fl ow in their practices, goes without say-
ing… That the ability to be able to tell his patient, for example, 
by the condition of one of these lymphatic centers, that he has a 
markedly disturbed condition of the hydrochloric secretions of the 
stomach; or, that the muscular action of the stomach is retarded by 
the state of another of these same centers, or, that he has a highly 
acid condition of the blood, due to a stenosis of the pyloric orifi ce 
holding the contents of the stomach against normal ejection until, 
by the continued accumulation of hydrochloric acid, the pylorus 
is compelled to open and permit some of the stomach content to 
pass, and do all this by these centers in place of having to resort to 
test meals, x-rays, etc., is hard to believe.”

After Chapman’s death, Owens continued developing the sys-
tem and organized several postgraduate teaching seminars. Owens 
recognized CRs as viscerosomatic tissue refl exes and believed them 
to be a result of a lymph stasis in the viscus, which he hypothesized 
was the cause of the organ dysfunction. He proposed the causative 
factor to be pelvic girdle somatic dysfunctions interfering with 
the blood and nerve supply to the gonads, triggering a cascade of 
endocrine responses. Owens named this cascade the pelvic-thyroid 
(with adrenals) syndrome (Owens, 1937, 1943)—later renamed 
the pelvic-thyroid-adrenal, or PTA syndrome (Arbuckle, 1947). 
The thyroid was central to this syndrome and its involvement was 
considered to result in a widespread metabolic disturbance caus-
ing incomplete oxidation in cells, body fl uids to move slowly, and 
lymphatic engorgement leading to retention of toxins. The area 
of least resistance in the body would develop a local lymph stasis 

T A B L E  5 2 G . 1

Historical Definitions of CR

Definition Author

The original description of Ganglion-formed became Gangliform contracted lymphoid 
tissue nodules

Frank Chapman, D.O. 1928

“It seemed to me that the lymphatic system had much more profound influence on 
bodily functions than it had been given credit for … my special plea is on behalf of the 
lymphatic aspects of disease, which I regard of paramount importance whether they 
originated in bony lesions, infections, toxins, or other cause.”

Frank Chapman, D.O. 1937

“A Chapman lesion is the result of a lymph stasis in the viscus. This lymph stasis is 
responsible for the dysfunction of the organ. Both the lymph stasis and the resultant 
dysfunction are reflexly responsible for the Chapman lesion, due, in part, to nerve impulse 
and also to a chemical reaction of the lymphoid tissue in which the lesion is found”

Charles Owens, D.O. 1944

“I believe that it is an autonomic nerve reflex, and that the lesion or nodule is a 
granulation tissue reaction”

H.L. Samblanet, D.O. 1944
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Subsequently, other osteopathic educators tended to describe 
the refl exes as more highly correlated with the sympathetic nervous 
system rather than the lymphatic system, indicating that this treat-
ment infl uences visceral function by acting on some part of a refl ex 
arc (Patriquin, 1992). In the previous edition of the Foundations 
text, Patriquin expresses some discomfort with his earlier attempt 
at defi ning these points as being sympathetically mediated fi ndings 
in and of themselves (Patriquin, 2003). Other authors have classi-
fi ed CRs as part of the palpatory fi ndings in a viscerosomatic refl ex 
level involvement, pointing to the consistency in both the location 
of the CRs and of the sympathetic innervation of the dysfunc-
tional organ (Kuchera and Kuchera, 1994). In the opinion of one of 
the authors (MLK), defi ning a tissue texture abnormality as a CR 
without the evidence of other concomitant visceral or visceroso-
matic fi ndings may be less reliable.

LOCATING AND PALPATING CRs

CRs are manifested by gangliform contractions, which are believed 
to be congestions within fascia due to lymph stasis secondary to 
visceral dysfunction (Capobianco, 2004). The types of visceral dys-
function believed to cause positive CRs are infl ammation, spasm, 
or distention of the viscera (Wilson, 2006). The refl exes are located 
deep to the skin and subcutaneous areolar tissue, most often lying 
on the deep fascia or periosteum (Patriquin, 1997, 2003). It is 
mostly found in specifi c locations with a size varying from a “BB” 
pellet to a pea, or from a pinhead to an almond, and have cer-
tain recognizable palpatory characteristics (Capobianco, 2004; 
Patriquin, 2003; Samblanet, 1944). Owens described them as fol-
lows (Owens, 1943):

■ Gangliform
■ Edematous
■ Ridge-like or ropy
■ Fibrospongy
■ Shotty

The technique best used for palpation might depend on the loca-
tion of the CR points (e.g., see Table 52G.2). For instance, in 
cases where the points are located on the transverse processes of 
vertebrae, there might be contracted muscles overlying the Chap-
man’s point. Remember that its location in many cases is in the 
deep fascia or periosteum, and it may be necessary to fi rst relax 
the overlying muscle to effectively treat the CR point (Hinckley-
Chapman and Owens, 1932; Owens, 1943). The patient usually 
feels tenderness ranging from slightly painful to almost unbear-
ably painful. There may however be a few patients who show no 
tenderness response to even fi rm digital pressure, although the CR 
point is palpable (Owens, 1943). It is unknown if this is related 
to the visceral dysfunction being in early or chronic stages, if the 
patient’s pain threshold is very high, or if it is just a coincidental 
fi nding with no bearing at all. Historically, it has been proposed 
that the intensity of pain denotes the relative amount of involve-
ment of the related organ, and the complete lack of pain denotes 
a process of long duration and very marked involvement (Brown, 
1949). It has also been suggested that the absence of tenderness 
in the point might indicate abnormal hypofunction of the associ-
ated organ (Mitchell, 1974). For a CR point to be positive, both 
the anterior and the posterior CR should be present (Lippincott, 
1946). It is generally recommended to initially use the anterior CR 
for diagnostic purposes as their consistency in location and the 
fact that they are more widespread than the posterior CR points. 
This eliminates the confusion as to which organ is involved 
(Brown, 1949). Once a positive anterior CR has been established, 

through nerve impulses and chemical reactions of the lymphoid 
tissue (Owens believed acetylcholine to be involved), and would 
result in a positive corresponding CR point on the body surface 
(Owens, 1940). As a treatment approach, addressing CRs was pro-
posed to deal directly with the disturbed body metabolism through 
the autonomic nervous system, the lymphatic system and the 
endocrine glands, and the treatment would help normalize endo-
crine secretions, augment fl ow of body fl uids, and release inhibited 
trophic (nutritional) centers.

Paul E. Kimberly, D.O., F.A.A.O., fi rst organized CRs into a 
course for the profession, but it was never offered. In the late 1970s, 
Kimberly integrated CRs into osteopathic physical examination 
teachings during his tenure at the Kirksville College of Osteo-
pathic Medicine. Based on the apparent correlation with the tissue 
texture changes occurring at the anatomic sites where the cutane-
ous vascular-lymphatic bundle exited together with the anterior 
and lateral cutaneous nerves (Figs. 52G.1 and 52G.2), and like 
Chapman and Owens, he used the term neurolymphatic points to 
describe them but presented them to his students as viscerosomatic 
refl exes related to the facilitated segment concept work of faculty 
colleagues, Korr and Denslow.

Middle ear
Nasal sinuses
Pharynx
Tonsils
Tongue
Esophagus, bronchus
     thyroid, myocardium
Upper lung
Lower lung

Stomach (peristalsis)   L
     liver, gallbladder   R
Spleen   L   , pancrease   R

Left adrenal

Left kidney

Bladder area

These are on
the anterior
wall around
the umbilicus

Ovaries, urethra

Uterus

Rectum

Colon

ASIS

Stomach (acidity)   L
     liver   R

Sinsuses

Cerebellum

Retina,
conjucntiva

Neck

Larynx

Pyloris

Small intestines

Appendix   R

Umbilicus

Intestinal
peristalsis

Prostate or
broad ligament

All are bilateral
except where indicated
as   R   for right and
   L   for left

Figure 52G-1 Anterior CR points.
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856 III • APPROACH TO THE SOMATIC COMPONENT

its diagnosis is confi rmed through the presence of a posterior CR 
(Lippincott, 1946).

When examining for CRs, the use of the chart to know the 
specifi ed location of each CR point together with well-developed 
tactile skills to discriminate the fi ndings from either normal or 
other abnormalities, combined with the patient’s presenting com-
plaint and medical history, will typically yield best results.

SIMILARITIES AND DIFFERENCES BETWEEN 
OTHER PALPABLY SIMILAR POINTS

Palpable tissue texture changes appearing in the myofascial tissues 
have long been described and mapped—in the case of acupuncture 
points, for thousands of years. Their clinical use, interpretation, 
and even their names are often dependent upon the perspective of 
the health care provider who fi nds and groups them together based 
on the perception of a commonality. Yet between grouping systems 
(and even within some systems), there are signifi cant differences 
that distinguish that set of somatic body points from the others.

Osteopathic physicians should attempt to differentiate between 
various tissue texture abnormalities, including CRs, myofascial 

trigger points (MTrP), tender points as fi rst described by Jones in 
the counterstrain system, those considered by the American Col-
lege of Rheumatology to be present in fi bromyalgia syndrome, and 
possibly even acupuncture points. Based on the possible relation-
ship among these different somatic or body point systems, the 
view has been expressed that these seemingly diverse observations 
are but different views of the same phenomena (DiGiovanna 
et al., 2005; Northup, 1941). Though it is diffi cult to argue a cer-
tain overlap between these discrete clinical fi ndings, the involved 
pathophysiology, pattern of associated signs and symptoms, and 
clinical implication are often very different (Table 52G.3).

One study argued a topographical congruency of 68% (when 
they were found within 1.5 cm of each other) between CR points 
and counterstrain tender points ( Johns, 2003), and another study 
alludes to a possible overlap between CR points and acupuncture 
points (Riley et al., 1981). When looking at the pathological asso-
ciation (e.g., both point systems used for similar conditions) or 
congruency of a CR point to spatially related acupuncture point, 
there was a 20.6% congruency of the anterior points and 44.2% 
congruency of the posterior points (Kim, 2008). The correlation 
between MTrP and acupuncture points has also been investigated. 

Sciatic nerve (anterior)

All are bilateral
except where indicated
as   R   for right and
   L   for left

Hemorrhoidal plexus

Sciatic nerve (posterior)

Large intestines

Pylorus   R
Ovaries
Intestines (peristalsis)
Appendix   R

Neuroasthenia
(also pectoralis minor)

Arms
(also pectoralis minor)

Cerebellum

Nasal sinuses

Cerebrum

Retina, conjunctiva

Middle ear
Pharynx, tongue,

larynx, sinuses, arms
Neck

Esophagus, bronchus,
thyroid

Upper lung, myocardium
Upper lung
Lower lung

Stomach (acidity),   L
liver   R

Stomach (erpstalsis),   L
liver, gallbladder   R

Spleen   L  , pancreas   R

Small intetines
Adrenals

Kidneys
Abdomen, bladder

Urethra
Uterus

Vagina, prostate, uterus,
broad ligament

Rectum, groin glands

Fallopian tubes,
seminal vesicles

Clitoris, vagina

Figure 52G-2 Posterior Chapman points.
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T A B L E  5 2 G . 2

Examples of Palpatory Techniques for Various CR Points

CR Point Palpatory Technique

Broad ligament (female) and prostate (male)
Colon
Ovarian
Kidneys
Adrenals
Duodenum
Stomach
Spleen
Small intestine
Eye
Ear
Throat, nasal, bronchial, pharynx, larynx,
Esophagus, tongue
Upper and lower lung
Arms
Neuritis of the upper limb
Cerebellar
Cerebral
Heart
Neurasthenia
Atonic constipation
Appendix
Urethral
Cystitis
Sciatic–neuritis
Wry neck
Thyroid
Gallbladder and liver

Deep kneading pressure with lift (should be longitudinal), fingers 
flexed toward palm of hand
Deep pressure with longitudinal rotary movement
Gentle rotary movement
Deep firm rotary movement
Deep firm rotary movement
Gentle but firm rotary movement
Firm rotary movement
Firm rotary movement
Gentle but firm rotary movement
Gentle but firm rotary movement
Gentle rotary movement
Firm rotary movement
Deep firm rotary movement
Deep firm rotary movement
Deep firm rotary movement (sometimes steady pressure)
Firm but gently rotary movement
Gentle rotary movement
Firm gentle rotary movement
Firm deep rotary movement
Deep firm rotary movement
Gentle rotary movement
Deep but gentle rotary movement
Deep but gentle rotary movement
Firm and deep rotary movement
Firm rotary movement
Deep rotary movement
Firm but gentle rotary movement

Source: Adapted from Owens (1943)

Palpation should be directed and titrated to reach the tissue depth and location where the tissue texture 
change resides. Examples using the more diagnostically suited anterior points are as follows:

•  Intercostal Sites (including sinus, bronchus, stomach): finger pad directed posterosuperiorly along undersurface 
of the rib searching with a deep, firm rotatory movement (examine adjacent sites using a little longitudinal glide 
along the undersurface of the rib rather than a poking or prodding motion)

•  Anterior Point Chart: Tip of floating rib (example appendix): Deep but gentle rotator stimulation at tip of rib 
using finger pad

•  Anterior Point Chart: Abdominal wall (including kidney, bladder): Compress with finger pad through 
subcutaneous fat and tissues until reaching the deepest layer of the abdominal wall and there use a deep, firm, 
rotatory motion

•  Anterior Point Chart: Pelvis (including ovary and uterus): Use deep, firm, rotatory movement approximating the 
periosteal level of the pelvic bone

•  Anterior Point Chart: Iliotibial band region (including colon and prostate): Deep kneading pressure with 
lift (should be longitudinal), fingers flexed toward palm of hand; finger pads should compress medially 
approximating the periosteal level of the lateral femur

•  Posterior Point Chart (Paraspinal): Deep firm rotatory pressure midway between transverse processes of the 
vertebral segment involved and the segment below; lateral distance from the spinous process is about halfway 
to the tip of the transverse process ipsilateral to the side of the involved organ. Tissue characteristics will involve 
more bogginess than the anterior points.

Source: Adapted from Kuchera MA. A pragmatic interpretation of Chapman reflexes. AM Acad osteopath. 2008.

Chila_Chap52.indd   857Chila_Chap52.indd   857 8/6/2010   2:09:59 PM8/6/2010   2:09:59 PM



858 III • APPROACH TO THE SOMATIC COMPONENT

T
A

B
L

E
 5

2
G

.3

C
R

 P
o

in
ts

, 
M

Tr
P

 a
nd

 T
en

d
er

 P
o

in
ts

Lo
ca

ti
o

n
P

al
p

at
o

ry
 Q

ua
lit

y
P

ai
n 

C
ha

ra
ct

er
is

ti
cs

A
ss

o
ci

at
io

n
C

la
ss

ic
 T

re
at

m
en

t

C
ha

p
m

an
 r

ef
le

x
Lo

ca
te

d
 in

 s
o

ft
-t

is
su

e 
st

ru
ct

ur
es

: s
ub

cu
ta

ne
o

us
 

tis
su

e,
 fa

sc
ia

, m
us

cl
e,

 
lig

am
en

t,
 a

nd
 p

er
ic

ho
nd

ra
l 

o
r 

p
er

io
st

ea
l t

is
su

e.
 M

o
st

ly
 in

 
d

ee
p

 fa
sc

ia
 o

r 
p

er
io

st
eu

m
.

G
ra

nu
la

r 
fe

el
 o

f t
is

su
es

 
o

ve
rly

in
g

 t
he

 C
R

. T
he

 
C

R
 it

se
lf 

is
 g

an
g

lia
fo

rm
, 

co
nt

ra
ct

ed
, e

d
em

at
o

us
, 

rid
g

e-
lik

e 
o

r 
ro

p
y,

 
fib

ro
sp

o
ng

y,
 o

r 
sh

o
tt

y.
 

V
ar

yi
ng

 in
 s

iz
e 

fr
o

m
 a

 
p

in
he

ad
 t

o
 t

ha
t 

o
f a

n 
al

m
o

nd

Te
nd

er
ne

ss
 r

an
g

in
g

 fr
o

m
 

sl
ig

ht
ly

 p
ai

nf
ul

 t
o

 a
lm

o
st

 
un

b
ea

ra
b

le
. I

t 
is

 w
el

l 
lo

ca
liz

ed
 u

nd
er

 t
he

 fi
ng

er
 

an
d

 h
as

 a
n 

al
m

o
st

 s
ha

rp
 

q
ua

lit
y.

 N
o

 p
ai

n 
ra

d
ia

tio
n.

V
is

ce
ro

so
m

at
ic

 t
is

su
e 

re
fle

x 
w

ith
 d

ef
in

ite
 

re
la

tio
ns

hi
p

 t
o

 v
is

cu
s 

o
r 

g
la

nd
; p

at
te

rn
 o

f 
as

so
ci

at
ed

 s
o

m
at

ic
 

d
ys

fu
nc

tio
n 

in
cl

ud
es

 
so

m
at

ic
 d

ys
fu

nc
tio

n 
in

 r
el

at
ed

 c
o

lla
te

ra
l 

g
an

g
lio

n,
 p

ar
as

p
in

al
 

tis
su

es
 (s

am
e 

fa
ci

lit
at

ed
 

se
g

m
en

t)
 a

nd
 p

er
ha

p
s 

cr
an

ia
l o

r 
sa

cr
al

 r
ef

er
ra

l 
si

te
 o

f v
is

cu
s

R
o

ta
ry

 s
tim

ul
at

io
n 

fo
r 

20
–6

0 
s

M
Tr

P
C

en
tr

al
 M

Tr
P 

in
 fi

b
er

s 
in

 
th

e 
m

id
p

o
rt

io
n 

o
f m

us
cl

e.
 

A
tt

ac
hm

en
t 

M
Tr

P 
in

 t
he

 
m

yo
te

nd
in

o
us

 ju
nc

tio
n.

 
D

ep
th

 v
ar

ie
s 

w
ith

 m
us

cl
es

D
is

tin
ct

 n
o

d
ul

es
 

(c
o

nt
ra

ct
io

n 
kn

o
ts

) a
t 

th
e 

M
Tr

P 
fe

lt 
in

 t
he

 m
us

cl
e 

an
d

 a
 r

o
p

e-
lik

e 
in

d
ul

at
io

n 
(t

au
t 

b
an

d
)

Lo
ca

liz
ed

 p
ai

n 
in

 t
au

t 
b

an
d

 o
f m

us
cl

e 
w

ith
 

re
fe

rr
ed

 p
ai

n 
to

 a
 

ch
ar

ac
te

ris
tic

 d
is

ta
nt

 
re

g
io

n 
b

as
ed

 o
n 

m
yo

fa
sc

ia
l r

ef
er

ra
l m

ap
s

Lo
ca

l p
at

ho
p

hy
si

o
lo

g
y 

in
 

th
e 

m
us

cl
e 

ex
hi

b
iti

ng
 t

he
 

M
Tr

P.
 M

ay
 c

au
se

 m
o

tio
n 

re
st

ric
tio

n 
in

 a
ss

o
ci

at
ed

 
jo

in
ts

; o
ft

en
 s

tim
ul

at
io

n 
o

f p
o

in
t 

ca
us

es
 t

au
t 

b
an

d
 

tw
itc

h

In
je

ct
io

n,
 d

ry
 

ne
ed

lin
g

, i
sc

he
m

ic
 

co
m

p
re

ss
io

n,
 

p
o

st
is

o
m

et
ric

 
re

la
xa

tio
n 

(M
E

T)
, 

sp
ra

y 
an

d
 s

tr
et

ch
, 

co
un

te
rs

tr
ai

n
Te

nd
er

 p
o

in
t

Ty
p

ic
al

ly
 lo

ca
te

d
 in

 t
en

d
in

o
us

 
at

ta
ch

m
en

ts
, i

n 
th

e 
b

el
ly

 o
f 

a 
m

us
cl

e,
 o

r 
in

 t
he

 li
g

am
en

ts
 

as
so

ci
at

ed
 w

ith
 a

 jo
in

t 
d

ys
fu

nc
tio

n

D
is

cr
et

e,
 s

m
al

l, 
te

ns
e,

 a
nd

 
ed

em
at

o
us

, a
b

o
ut

 t
he

 s
iz

e 
o

f a
 fi

ng
er

tip

E
xq

ui
si

te
ly

 t
en

d
er

, v
er

y 
lo

ca
liz

ed
 w

ith
 n

o
 p

ai
n 

ra
d

ia
tio

n.
 T

yp
ic

al
ly

 a
t 

le
as

t 
fo

ur
 t

im
es

 a
s 

te
nd

er
 

as
 t

he
 a

d
ja

ce
nt

 t
is

su
es

Sp
ec

ifi
c 

m
us

cl
e 

o
r 

jo
in

t 
so

m
at

ic
 d

ys
fu

nc
tio

n
C

o
un

te
rs

tr
ai

n

Chila_Chap52.indd   858Chila_Chap52.indd   858 8/6/2010   2:09:59 PM8/6/2010   2:09:59 PM



 52 • REPRESENTATIVE MODELS 859

One study looked at the overlap (positive correlation was when 
the points were found within 3 cm of each other) between MTrP 
and acupuncture pain points (Ah Shu), showing a 71% correlation 
based on spatial orientation of points and pain patterns (Melzack 
et al., 1977). The results of these studies should be interpreted 
with caution as the defi nition of correlation or congruency differs 
between the authors (e.g., 1.5 to 3 cm).

It should be noted that MTrP have the ability to create altered 
neural, autonomic, vascular, and lymphatic changes as well, and a 
number of MTrP with viscerosomatic and somatovisceral refl ex activ-
ity have been reported in the literature (McPartland, 2004; Travell 
and Simons, 1999). Several MTrP linked to GI, cardiac, and geni-
tourinary dysfunctions are identical to or in close proximity to the 
sites of CRs from these organs. Treatment of MTrP now embraces 
use of multiple interventions from dry needling to osteopathic treat-
ment modalities such as muscle energy and counterstrain. Travell 
and Simons reported treatment of an MTrP located in the lower 
anterior chest wall (diagrammatically consistent with the pattern of 
palpatory fi ndings that might be recorded by an osteopathic physi-
cian who found celiac ganglion and stomach CR dysfunction). In 
treating this point, the following was reported: “Pain, which previ-
ously had responded to medical therapy for a duodenal ulcer, became 
unresponsive and persisted until MTrP in the abdominal muscula-
ture were found and inactivated” (Travell and Simons, 1999).

The system now called Applied Kinesiology was developed in 
the 1960s by chiropractor George Goodheart who initially based 
his system upon applying the muscle testing of physical thera-
pists Kendall and Kendall to the location of Chapman’s “neuro-
lymphatic” points. Later, this system added Bennett’s points for 
vascular function and has since expanded to include acupuncture 
meridians (Kendall and Kendall, 1971; Walther et al., 1988).

A given point in a given system does not need to “read a book” 
to know where it should or could be; it simply exists. This means 
that a number of these existing points end up in multiple systems. 
Their clinical use and interpretation—along with their names—
are often dependent upon the perspective of their discoverer. The 
evolution of CRs is no different. The points were grouped by an 
osteopathic practitioner reasoning from anatomy and physiology 
to see their somatic relationship to underlying visceral or systemic 
dysfunction. Their clinical diagnostic and therapeutic use is still 
based upon physicians applying them within the major osteopathic 
models of care and weighing the risk to benefi t ratio of doing so.

DIAGNOSTIC UTILITY

Many osteopathic physicians use CRs as part of a screening or 
comprehensive osteopathic physical examination, contributing to 
the differential diagnosis and implying dysfunction of an organ 
system rather than as a therapeutic intervention (Patriquin, 2003). 
This said, because many modalities can be used to directly treat 
these points, it is important to perform a complete or focused diag-
nostic screen prior to any use of physical therapy or preparatory 
OMT (such as soft-tissue massage) that might temporarily reduce 
their sensitivity or tissue texture characteristics. One of the authors 
(KW) has formulated two principles when it comes to using CRs 
as a diagnostic tool: (1) a nontender CR, by itself, indicates noth-
ing. Never make a diagnosis based solely on a nontender CR, and 
(2) Never ignore or trivialize a tender CR unless you have a good 
explanation for the fi ndings. (This is especially true of a persis-
tently tender refl ex.)

From a diagnostic perspective and particularly in the hos-
pital, they are more likely to be used selectively, as in the 30- or 
45-seconds CR screening examinations (Figs. 52G.3 and 52G.4), 

which is a time-effective screen that focuses on selected organ 
systems and in conjunction with other fi ndings in the history and 
physical examination of the patient. The following case study illus-
trates the use of CRs in establishing a diagnosis.

Case Study

A 13-year-old female is admitted to the pediatric fl oor of an osteo-
pathic teaching hospital for complaints of severe lower abdominal/
pelvic pain. She is examined and is found to be tender in the RLQ 
and midline pelvis. Urinalysis is normal. In this age group, the three 
most likely diagnoses to consider (in no particular order) are as fol-
lows: (1) Appendicitis, (2) Cystitis, and (3) Ovarian cysts.

CRs showed bilateral tender refl exes on the anterior/medial 
pubic bones near the pubic symphysis and unilateral posterior CRs 
at T9-10 on the right side only. No other positive CRs were found 
in that region of the body (particularly those associated with the 
right kidney, urinary bladder, or appendix):

■ Preoperative diagnosis (without the use of CRs): Appendicitis 
versus right ovarian cyst (50/50 probability)

■ Preoperative diagnosis (with the use of CRs): Problem with 
right ovary involving the entire ovary—both the medial and the 
lateral halves

■ Postoperative diagnosis: Massive right ovarian cyst obliterating 
the entire right ovary

You have tested:

Cardiovascular

Pulmonary

Upper Gastrointestinal Tract
(stomach, gallbladder, liver,
spleen, pancreas)

Adrenals

Urinary Tract
(urethra, ureters, bladder,
kidneys)

Pelvic Viscera
(ovary and broad ligaments)

Lower Gastrointestinal Tract
(ascending and descending colon
and sigmoid colon)

Broad Ligament or Prostate

30-second Visceral Screen

not usually tested in 30-second screen

Chapman’s reflexes you did NOT test:

URI (But you could--see chart marked ENT)
Cerebellum
Middle ear

Tongue
Neck

Thyroid
Upper limb

Figure 52G-3 30 second visceral screen.
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The operation performed was a right oophrectomy and right 
salpingectomy. This case also serves to illustrate the high degree of 
specifi city that can be obtained in diagnosing visceral pathology in 
certain internal organs. It also illustrates the most common use of 
CRs by osteopathic physicians in the present day—as a differentia-
tor when the physician has narrowed the differential diagnosis to 
two or three possible conditions.

The preoperative prediction of right ovarian involvement was 
based on the fact that all of the patient’s discomfort and tender-
ness to palpation was to the right of midline in the lower abdomi-
nal/pelvic region. As mentioned above, there were bilateral tender 
Chapman’s points on the anterior medial pubis although unilateral 
posterior CRs on the right. With paired organs where only one 
organ is dysfunctional, but the dysfunctional organ is associated 
with a marked degree of pathology, the physician may occasion-
ally encounter a bilateral Chapman response (especially with the 
anterior points).

Additional palpatory information to help in the differential 
diagnosis would include tight, tender superior mesenteric ganglion 
site (not present when the pubic ramus point is secondary to AL5 
counterstrain point) and somatic dysfunction (especially ERSR at 
T10 or T11).

The use of CRs has also been used to augment other forms of 
osteopathic patient evaluation. Visceral dysfunctions in terms of 
mobility and motility are usually detected through the careful palpa-
tory evaluation of the body cavities. Because of the depth and par-
tial inaccessibility of some structures, it is not uncommon to have 
an approximate diagnosis where the presence (and relative sever-
ity grading of >1) of CRs can help to specifi cally determine the 
structure with dysfunction, or differentiate in terms of relevance 
between two or more diagnosed dysfunctions.

Example

The spinal region of  T5-9 had increased sudomotor activity. There 
was increased tension in the paravertebral muscles and motion restric-
tions indicating a single type II (extended, rotated, and side bent 
right) segment within the otherwise type I (side bent left and rotated 
right) group curve in this region. These fi ndings led to the conclusion 
that the somatic dysfunction was secondary to viscerosomatic refl ex 
activity. With the patient supine and doing a local listening tech-
nique to the abdominal tissue, the palpating hand was drawn toward 
the upper right abdominal quadrant. Palpation into the quadrant 
below the border of the ribs revealed tension and tenderness around 
the liver, gallbladder, lesser omentum, and the hepatic fl exure of the 
colon. Testing the elasticity of the fascial-ligamentous structures as 
well as the movement of the structures on their sliding surfaces indi-
cated visceral dysfunctions involving the lesser omentum, liver, and 
gallbladder. Proceeding to using CRs, the physician found positive 
points for both the liver and the gallbladder, and the CR point to the 
gallbladder was signifi cantly more positive than the liver CR, leading 
the physician to conclude that the visceral dysfunction responsible 
for the viscerosomatic refl ex activity was the gallbladder.

INTEGRATING CRs IN THE CLINICAL SETTING

Incorporation of CRs does not constitute a stand-alone approach. 
Its diagnostic and therapeutic usefulness depends on its integration 
with a more comprehensive osteopathic management strategy. The 
lymphatic system should be addressed by removing obstructions 
to lymph return and techniques to augment lymph fl ow. Somatic 
dysfunctions of the thorax and the pelvis should be treated to 
reduce autonomic interference caused by segmental facilitation. 
Respiratory effi ciency should be restored by addressing rib cage 
mechanics and muscles of respiration. The patient’s overall energy 
expenditure should be reduced by improving overall biomechanical 
and postural function. Addressing these factors together with CRs 
is a useful tool in improving musculoskeletal and systemic function 
as well as reducing the patient’s overall allostatic load.

In the original teachings of CRs, the following points were 
emphasized when using this system for diagnosis and treatment 
(Owens, 1943):

■ Know the exact anatomical location of each CR and its clinical 
signifi cance

■ Do not overtreat the CR: 15 to 30 or 30 to 60 seconds is enough 
time for each center

■ Sequence your treatment
 ■ Address biomechanical dysfunctions of the pelvic girdle fi rst
 ■  Treat the CR comprising the pelvic-thyroid-adrenal syn-

drome (PTA syndrome)

You have tested:

Ear, Nose Throat

Cardiovascular

Pulmonary

Upper GI
(stomach, liver,
gallbladder, spleen,
pancreas)

Adrenals

Urinary Tract
(urethra, ureters,
bladder, kidneys)

Pelvic Viscera
(ovary and
broad ligaments)

Lower GI Tract
(ascending and
descending colon
and sigmoid colon)

45-second Visceral Screen

Chapman’s reflexes you did NOT test:

Cerebellum        Eyes        Neck        Uterus

ENT

Broad Ligament
or Prostate

Figure 52G-4 45 second visceral screen.
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 ■  Treat the CR corresponding with organs of elimination to 
reduce load placed on the body from the overall osteopathic 
treatment of the case at hand

 ■ Treat the specifi cally involved CR
■ Do not forget assessment and treatment of the lymphatic sys-

tem, especially involved regions of impaired lymphatic drainage
■ Articulatory treatment to the axial spine and ribs to reduce nor-

malize sympathetic activity
■ After reestablishing the “endocrine” balance through CR, other 

somatic dysfunctions can be treated

It is important to keep in mind that this recommendation was 
made in the 1930s and 1940s, and even though the general prin-
ciples might still be applicable today, the evolution of osteopathic 
treatment models has allowed for its reinterpretation. Excessive 
manipulative intervention is recognized as a potential body stres-
sor: procedures employed prior to the use of CR treatment should 
be administered judiciously, specifi cally and with restraint (Mitch-
ell, 1974). The algorithm in Figure 52G.5 serves to illustrate how 
CRs could be integrated in a clinical setting.

SPECIFIC TREATMENT USING CRs

There are several possible approaches commonly employed to treat 
patients using the CRs (Table 52G.4):

1. The original recommendation by Chapman was to start with 
the anterior points and then proceed to the posterior ones. He 
stated that treating the anterior points fi rst would greatly aid in 
the treatment of the posterior points. Chapman’s original pro-
tocol warned against excessive pressure and he wrote that gen-
tler means rather than forceful pressure would result in quicker 
relaxation (Chapman, 1928)

2. If the points are too sensitive to be palpated and treated, myo-
fascial release of the tissue around the gangliform area can help 
drainage be more comfortably established, which in turn can 
make it possible to treat the point directly (Lippincott, 1946)

3. If the anterior points were too sensitive to treat, OMT to the 
soft tissues posteriorly often decreases or even totally dissipates 
the related anterior points; the residual change then only need-
ing minimal treatment. For this reason, however, use of prepa-
ratory soft-tissue methods that temporally negate the presence 
of the anterior points for diagnosis should be avoided (Kuchera, 
1994)

PATTERNS OF CRs IN CLINICAL CONDITIONS

After having completed the osteopathic evaluation of the patient, 
the physician will typically sequence their osteopathic manipula-
tive treatment based on the pattern of dysfunctions present in the 

Restore Respiratory and Circulatory Dynamics1

Still lymphatic congestion?

PTA – Syndrome present?

CR for organs or elimination present?

Diagnose and treat CR specific to the problem4

Continue diagnostic workup of probable
visceral disorders as needed; Add non-OMT

treatment/medication as needed

Treat any significant somatic dysfunction still
present and provide OMT to balance the

autonomic nervous system5 and maximize homeostasis

Treat the positive CR3

Treat the gonadal, adrenal and thryoid CR

OMT to augment lymph flow2Yes

Yes

Yes

Yes

No

No

No

No

Positive CR screen (complete or 45-second) -- May include collateral ganglion screen

Algorithm for Integrated Chapman’s Reflexes Treatment

Removes obstruction to lymph flow

Improves postural mechanics

Enhances respiration

Figure 52G-5 Algorithm for integrated CRs treatment.
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texture abnormalities. There is little research currently investigating 
the specifi c physiological or chemical characteristics of these very 
specifi c clinical osteopathic fi ndings. There are a number of related 
studies, however, that might be considered in way of interpretation:

■ In patients with fi bromyalgia, researchers had demonstrated 
highly ordered collagen cuffs around terminal nerve fi bers in 
skin biopsies that were not found in healthy controls (Sprott et 
al., 1997). They termed them microscars and concluded that this 
collagen crosslink, as evident by a decreased collagen metabo-
lism, was needed to maintain the collagen cuffs around the 
nerves in the skin (Sprott, 2003). One of the proposed reasons 
for this collagen formation was neurogenic infl ammation, which 
has been demonstrated in the skin in patients with fi bromyalgia 
(Salemi et al., 2003)

■ Investigating the biochemical milieu of MTrP, microdialysis was 
performed on MTrP collecting small volume of fl uids, at sub-
nanogram levels of solutes, from the muscle tissue (Shah, 2008). 
Subjects with active MTrP had lower pH levels in the vicin-
ity of their MTrP, and signifi cantly higher concentrations of 
substance P, calcitonin gene–related peptide, bradykinin, sero-
tonin, norepinephrine, tumor necrosis factor-a, and Interleu-
kin-1b (Shah et al., 2005). Furthermore, continuous nociceptive 
input from MTrP can increase excitability of dorsal horn 
neurons, linking the peripheral nociceptive events to central 
sensitization (Mense, 2008)

patient. Interaction between dysfunctions and how they might 
infl uence each other through various biomechanical, postural, neu-
rological (autonomic and somatosensory), and circulatory mecha-
nisms is also of major importance. Understanding these interactions 
typically helps the physician establish the priority and sequence of 
the treatment. Similarly, when evaluating and treating pain pat-
terns from MTrP, it is important to understand that active trigger 
points can be maintained by distant satellite MTrP.

A historical look at the patterns of positive refl ex points pal-
pated and treated in some commonly seen conditions illustrates 
how the early use of CRs was not focused on a single target organ 
(Owens, 1943) and how in many cases the hormonal-metabolic 
model was integrated (Table 52.5).

These and similar patterns of CRs should be integrated in the 
overall osteopathic management of the patient rather than used as 
a stand-alone method of treatment.

RESEARCH RELATED TO CRs AND THE 
OSTEOPATHIC CONCEPT

Palpable change in the absence of other objective fi ndings had ren-
dered MTrP and tender points in fi bromyalgia patients diffi cult 
to instantiate; such is the case with osteopathic points in the CR 
and counterstrain systems. Nonetheless, there is a growing body of 
evidence demonstrating a possible basis for such identifi able tissue 

T A B L E  5 2 G . 4

Troubleshooting with CRs

Problem Possible Solution

The CR is too painful to treat. Treat the myofascial tissues overlying and surrounding the CR with gentle 
direct or indirect myofascial release. This may help the local drainage of the 
tissues reducing the sensitivity of the CR. Somatic dysfunctions if present, 
in segmentally related areas may also be treated to influence the reflex 
arc involved in the CR and thereby the sensitivity of the CR this includes 
considering treating the related CR on the other side of the body).

There is minimal change in the 
CR in response to its treatment.

Verify that the tissue texture change is a clinically significant CRand not a different 
type of somatic change.Both the anterior and the posterior for any given structure 
along with other clues of visceral and viscerosomatic reflex activity should be 
present for it to be a positive CR. If they are both present, but still little response 
in the CR to treatment, evaluate for contributing factors, such as somatic 
dysfunctions in areas segmentally related to the CR, impaired lymphatic drainage 
of the area or region where the CR is found.

The effect of the CR treatment 
is short lived.

When treating CR, the sequencing of the treatment can be important. The overall 
biomechanical and postural pattern of somatic dysfunction should ideally be 
treated first, together with OMT strategies to improve respiratory and circulatory 
dynamics. Then the PTA syndrome may have to be addressed specifically with CR 
before attending to the CR correlated with the presenting complaint. Recall that 
in viscerosomatic reflexes, the pathophysiology lies in the visceral component. 
Treatment of the somatic end of the reflex may not alone be either adequate 
or, in some cases, appropriate. Repeated recurrence of a CR warrants further 
diagnostic or therapeutic action with respect to the underlying visceral cause.

The patient with the CR 
is extremely ill (also a 
consideration in certain 
hospitalized patients).

When treating hospitalized patients, the primary objective is to support the 
body’s physiology through the process of illness and disease. Extensive OTM 
may not be advisable so as to minimize the energy expenditure of the patient. 
Treat the CR related to the areas of chief complaint and possibly those that 
impede the normal homeostatic processes.
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pating the counterstrain, CRs, and MTrP have in a few studies 
been found to be moderate to good (Hsieh et al., 2000; McPartland 
and Goodridge, 1997; Washington et al., 2003), and using palpa-
tion of tissue texture abnormalities coupled with pain provocation 
and the patient’s medical history could be considered reliable in 
detecting the presence of such abnormalities.

Research demonstrating the effectiveness of using CRs on 
clinical conditions is limited. One study of hypertensive sub-
jects investigated the effect of treating the posterior CRs for 
the adrenals. This group of subjects demonstrated a decrease 
in serum aldosterone levels lasting 36 hours after treatment 
(Mannino, 1979). Another study reported that combining CR 
treatment and soft-tissue techniques resulted in a signifi cant 
improvement in forced vital capacity from fi rst pretreatment to 
last posttreatment in a group of 30 asymptomatic subjects, 5 of 
which reported a past history of asthma or bronchitis (Lines 
et al., 1990).

In order to hypothesize how CRs work, it is necessary to 
consider its potential for modulating autonomic nervous system 
activity (and its integrated action with the somatomotor and neu-
roendocrine immune system) and augmenting lymph fl ow. Though 
it is not direct evidence for the clinical benefi ts of CR, it has been 
proposed that manual techniques stimulating fl uid fl ow can assist 
repair processes and homeostatic controls in different tissues, which 
partly explains some of the various effects of manual approaches 
(Lederman, 2005). In a rat model, using a fl uorescent probe placed 

■ Local tissue fi ndings such as tenderness, edema, and vaso-
dilatation in areas seemingly unrelated to the primary site of 
dysfunction or injury may be due to neurogenic infl ammation 
where neuropeptides are released from the peripheral terminals 
of nerves following repeated depolarization. This is referred to 
as the axon refl ex. The stimulation of a C-fi ber branch due to 
tissue injury and infl ammation can result in depolarization and 
antidromic activity in other branches unrelated to site of injury 
or infl ammation, releasing neuropeptides into noninfl amed or 
injured tissue (Van Griensven, 2005, Willard, 2008). This may 
help to explain why tissue texture abnormalities and tenderness 
can be found in areas that are seemingly unrelated to the actual 
problem

■ Other anatomically localizable, noninfl ammatory changes in 
the soft tissues that are thought to be refl exly associated with 
somatic dysfunctions in the axial spine have also been described. 
Such tissue texture phenomena are referred to as irritation zones 
and represent small (0.5 to 1.0 cm), painful soft-tissue func-
tional abnormalities that are painful to palpation (Dvorak et al., 
2008)

Even though each of the fi ndings abovemight not be able to be 
universally linked to CRs, MTrP, counterstrain tender points or 
other such groupings, these and other studies provide a rationale 
to better understand the relationship between peripheral tissue 
events, the nervous system, and dysfunction. Reliability when pal-

T A B L E  5 2 G . 5

Examples of Patterns of CRs in Clinical Conditions

Condition CRs Involved

Asthma, hay fever and 
sinusitis

In hay fever and sinusitis, the sinus CR will be positive. In asthma, the bronchial 
CR will be positive. The duodenal CR is also invariably present in cases of sinusitis, 
asthma, common colds, influenza, sore throat, and tonsillitis.. Treat gonadal and 
thyroid CR for endocrine balance. Treatment may place a load on organs of 
elimination: diagnose and treat CR of spleen, liver, and kidney in preparation for 
this; CR for colon and small intestines are therefore also relevant.

Allergy Treat the whole PTA syndrome. Invariably, the adrenal CR will be involved. For food 
allergies, check the pancreas CR. In cases where patient regurgitates food, the pyloric 
CR will be involved.

Diabetes PTA syndrome, adrenals, pancreas, and duodenum CR are consistently involved. In 
addition, look for stomach, colon, and kidney CR.

Eyes In all eye affections, the sinus CR will be involved. In eye strain and conjunctivitis, 
consider additional examination of liver, small intestines, stomach, and bladder CR.

Digestive disturbances If present, CR of the gonads, thyroid, and adrenals should be treated first. Then, 
special attention is given to the entire digestive tract, CR of the stomach, duodenum, 
pancreas, small intestines, colon, and liver as well as to organs of elimination, kidneys, 
spleen, and colon. Mesenteric releases may support treatment.

Inflammatory arthitides Address the PTA syndrome that is invariably present. CR of the pancreas and 
duodenum are often present, as well as other digestive and eliminative organs. 
Reestablishing proper lymphatic drainage in conjunction with CR is very important in 
these cases.

Headaches If caused by menstrual or menopausal symptoms, treatment to the uterine and 
ovarian CR may give relief. In blinding, dizzy headache, treatment of the duodenal 
CR may support the treatment. Often in cases of vertigo, steady pressure to the 
cerebellar CR may give relief.
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there is a lack of research as to what they precisely represent as a 
tissue texture abnormality. Their somatotopic organization is very 
predictable and consistent, and it is hypothesized that the lym-
phatic, the autonomic, and the neuroendocrine immune systems 
are involved in the mediation of the refl exes and the therapeutic 
action from treating these refl exes. Their use should be integrated 
in the overall osteopathic evaluation and management of the 
patient, which is integral to the success of applying these refl exes 
in treatment.
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learned from the diffi culties shaped his understanding and future. 
He could not attend medical school in 1929 due to the depression. 
This forced him to work at Union Carbide where he developed an 
appreciation for subtle motion and the impact it could have on the 
purity of oxygen produced. There he found that a slight mechani-
cal turn of a dial would be the difference between getting impure 
oxygen or pure oxygen. In 1936, he was denied admission to medi-
cal school. In 1937, he had an injury that awakened an old desire 

CASE STUDY

A 21 y/o F presents to the office with a complaint of right leg 
discomfort for the past month. She has an “achiness” of her 
right leg that radiates into her lateral ankle. She remembers 
standing on the rung of a ladder for some time to clean her 
windows. There is no other history of trauma. Past medical/
surgical history is negative. She has been using Arnica Montana 
for relief, but the discomfort returns.

Physical Examination: 
T-98.8, P-72, R-12, B/P 110/70, Ht-64,” Wt-120#; HEENT/
CV/Pulmonary/Abdomen/GU-noncontributory. Neu rological 
exam is intact. Structural exam reveals level landmarks, nor-
mal AP curves, no lateral curves. There is tenderness to palpa-
tion along the lateral aspect of the right calf. Lateral malleolar 
motion appears sluggish. There is tension in the interosseous 
membrane.

Diagnosis:
Somatic dysfunction of the lower extremity—ankle, calf.

Plan:
Treatment of the subtle motion restriction with the percussion 
hammer (see Example 1 at the end of the chapter).

Defi nition

It is an osteopathic manipulative technique developed by Robert C. 
Fulford, D.O., involving the use of an instrument referred to as a per-
cussor. The percussor utilizes a specifi c application of a mechanical 
vibratory percussive force to treat somatic dysfunction. This 
modality is distinct from other massage, vibration, or oscillatory 
approaches. The use of the percussor is coupled with the operator’s 
palpatory feedback before and during the treatment.

When other physicians used the percussor in a modifi ed way 
Dr. Fulford would quietly disapprove of it. Although he never 
addressed these individuals directly or publicly, he felt that they 
never really understood the philosophy and principles he was 
teaching and so they would change the way it was used to accom-
modate their lack of understanding.

History and Philosophy

To understand the philosophy of Dr. Fulford’s percussion, it is 
helpful to have an understanding of the history behind his develop-
ment of it. Dr. Fulford faced many obstacles in his life, but what he 

Fulford Percussion
RAJIV L. YADAVA52H

K E Y  C O N C E P T

In this section, emphasis is placed on synchronization of palpatory diagnostic interpretation with the application 
of an external percussion device. This device, the percussion vibrator, amplifies what is normally done through the 
hands alone and thus can increase the amount of energy delivered to the tissues. The energy state in the dysfunction 
field must be matched to properly release it. Intrinsic to this approach is the incorporation of thought derived from 
Andrew Taylor Still’s expression of “mind, matter, motion.”

Dr. Robert C. Fulford at the 1985 A.A.O. Convention Colorado 
Springs, Colorado. Courtesy of Dr. E. Sara Saxton D.O.
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we should stay close to our maker and the other is the importance 
of breath in life and healing. Dr. Fulford was spiritual. He men-
tioned the use of meditation or “running the energies through the 
body,” and breathing exercises. He credited a breathing exercise 
with keeping his body alive for as long as he did.

He would say there are many people who are claiming to do cra-
nial work with little or no knowledge of the theory behind the PRM. 
“They know the mechanics of how (PRM) works but little about 
how consciousness is part of a successful treatment.” His description 
of Dr. Sutherland treating is as follows, “It was of interest to watch 
Dr. Sutherland treat. He sat on a stool, his back straight as a rod and 
his shoulders level and balanced. The arms extended and appeared 
as though they were weightless. His eyes were closed; whether he 
was in a meditative or contemplative state no one will ever know. 
Then after a few minutes his hands and arms would fl y out into 
space as though they were suddenly given a push outward.”

It was confusing for some to hear Dr. Fulford downplay the 
cranial rhythmic impulse (CRI). He did acknowledge rhythms 
but did not focus on any particular rate. To him, a still point or 
a fulcrum was not a particular place but a state of being in which 
everything is centered.

Additionally regarding Dr. Sutherland’s writings, Dr. Fulford 
has stated, “In Dr. Sutherland’s writings he stresses the mechan-
ics as part of the cranial concept, as an engineer would and thus 
he could be understood. But he himself went beyond that in his 
fi ndings and touch. That was his secret that he could not teach. He 
tried to leave us his secret when he gave us the phrase, “thinking 
and knowing fi ngers....”

Quoting Dr. Sutherland, “seeing, feeling, thinking fi nger… 
fi ngers that endeavor to get away from the sensation of physical 
touch wherein you have knowing touch….by knowing I mean not 
information gained by the physical sense but a knowledge that 
comes from getting as far as one can from the physical sense” (27).

Just as Dr. Fulford says of Dr. Sutherland that he could not 
teach directly of what he knew of osteopathy, Dr. Sutherland states 
the same of Dr. Still. “Dr. Still could not speak of all the things he 
understood about the living human body. We were not ready to 
hear him. If you read between the lines in his ‘Philosophy of Oste-
opathy’ you will see that this is so.”

Around 1949 to 1950, Dr. Fulford along with a number 
of other DOs left to study with Dr. Beryl E. Arbuckle, D.O. 
The reason being was the impressive results she was obtaining. 
Dr. Fulford said that her treatment of children would cause an 
autonomic response in just a few minutes resulting in perspiration. 
She would then move to the next child lying on an adjacent table 
and do the same through several tables in a row. She originally 
met Dr. Sutherland in 1942 and was one of Dr. Sutherland’s early 
trainers for osteopathy in the cranial fi eld. Also, she was one of the 
few physicians who Dr. Sutherland allowed to treat him. Having 
done well over 250 dissections of fetal cadavers at the Philadelphia 
College of Osteopathy, she felt that the dural stress bands and bony 
buttresses should be given more importance before moving on to 
nonbony and nonmembranous aspects of cranial osteopathy that 
Dr. Sutherland was evolving toward at the time. It was not that 
she did not appreciate the fl uid anatomy, but she felt that we must 
understand what could be verifi ed physically with anatomy before 
moving on to fl uid, potency, and the breath of life aspects of cranial 
osteopathy Dr. Sutherland was teaching.

Dr. Arbuckle’s infl uence on Dr. Fulford could be seen by the 
way he fi rmly put his hands on the cranium. One could also see 
the use of Dr. Arbuckle’s craniometric points in Dr. Fulford’s 
percussion work as well. Dr. Sutherland’s communications of the 
nonphysical aspect of osteopathy, with its mental, emotional, and 

for becoming a physician. He obtained admission to Kansas City 
College of Osteopathic Medicine and became fascinated with Dr. 
A.T. Still’s Philosophy of Osteopathy. He developed an interest 
in metaphysics, spirituality of all religious philosophies, astrology, 
yoga, esoteric teachings, and many natural healing arts of the world. 
He was well read and knowledgeable in these areas. This broad-
mindedness, grounded in medical science and an understanding of 
osteopathic anatomy, allowed him to “read between the lines,” so to 
speak, as he studied the Osteopathy of Dr. A.T. Still.

In his junior year at Kansas City College, he became interested 
in Dr. Harold Saxson Burr’s energy work. Dr. Burr, an anatomist 
at Yale School of Medicine, published over 90 papers and raised 
interest among his colleagues many of whom became leaders in 
science. Through his readings of Dr. Burr’s experiments of measur-
ing energy fi elds, Dr. Fulford believed that these fi elds provided a 
blueprint for all living things. Dr. Fulford considered these fi elds 
diagnostic for mental as well as physical conditions.

In 1941, WWII resulted in increased hours of work due to a 
number of physicians having to leave the area for the war efforts. 
In addition to this, Dr. Fulford noticed that there was consider-
ably more tension among the patient population after the war 
began. Patients were more challenging to treat. A thought from 
the past occurred to him when he worked for Union Carbide. His 
superintendent would say that where possible let a motor do the 
work for you. After he experimented with various vibrators without 
acceptable results, the Foredom Vibrator Flyer arrived in the mail 
in the 1940s by chance and was found to fulfi ll his needs allow-
ing the manipulative procedures to be performed more easily and 
effectively after its use. He would say that many instances in his life 
he found that what he needed was provided to him spontaneously 
as it were.

Dr. Fulford originally met Dr. Sutherland in 1939 as a stu-
dent. His fi rst course with Dr. Sutherland was in 1942 as his 
interest again turned to the energy fi eld. He describes the impact 
Dr. Sutherland had on his thinking at Des Moines College in 1949. 
“It was a most important day of my life when I had an opportu-
nity to sit in the classroom of Des Moines College back in 1949. 
Dr. Sutherland was teaching his cranial concept. His ideas were 
heavily charged with energy and they soon began to work in me 
like some powerful force.”

Dr. Fulford was convinced Dr. Sutherland was aware of the 
energy fi elds.

According to Dr. Fulford, his understanding of cranial oste-
opathy as taught to him by Dr. Sutherland was different than what 
was taught after Dr. Sutherland’s death. He stated the fi rst week 
of cranial osteopathy was about anatomy. The second week was 
taught by Dr. Sutherland himself where Dr. Sutherland would 
draw a house on the board with all the windows out and fl oat-
ing in the ocean. According to Dr. Fulford, this house symbolized 
the human body and the ocean with its many waves representing 
the primary respiratory mechanism (PRM) (universal energy). Dr. 
Fulford further states this does not correspond with the commen-
taries of Dr. Sutherland’s recordings. In regard to PRM, primary is 
the universal life force expressed as mind, energy, and breath, the 
breath being the fi rst principal in the cerebral spinal fl uid (CSF). 
Respiratory is a rhythmic motion of mind energy, fi ne energies of 
the CSF, as they motivate and manifest life. Mechanism is a pro-
cess, conscious or unconscious where a result of accomplishment 
is produced, in this case, where the sensory motor energies relate 
sensation, experiences and expression in the world of matter.

Dr. Fulford appreciated two other basic principals from 
Dr. Sutherland in addition to the ones he drew on the blackboard 
(the house with wavy lines). One was that as osteopathic physicians 
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shoulder joint, lumbar, thoracic, cervical vertebrae, and the cranium. 
The exam would consist of fi nding restrictions of motion within 
the joints. One’s attention was directed to the subtle motions of 
the area being examined and looking for the lack of motion there. 
This is different than gross motion where light touch is not an 
important factor. Here, we are using a light touch to appreciate the 
presence or absence of a “life force” or underlying motion.

Mechanism of Action

There are probably multiple explanations of the mechanism of 
action using the percussion vibrator as Dr. Fulford has instructed. 
Note that the percussion vibrator simply acts as an amplifying 
device for what the operator initiates with his hands.

Dr. Fulford added and changed many techniques of treatment 
over the years as he evolved. Many of these techniques would “just 
come to him,” like a gift, out of nowhere. The diagnosis and treat-
ment of Dr. Fulford relies on the bioelectric properties of fascia and 
bone. When mechanical energy is absorbed into the body, there 
is a distortion within this bioelectrical matrix creating a higher 
energetic state within the fascia and bone. This distortion can be 
palpated as a subtle motion restriction, a depression, or elevation 
along the tissues of the body. These restrictions can be very subtle 
and so the physician’s level of skill will determine how much they 
will appreciate under their palpating hands. Dr. Fulford would 
say that “When you can feel the placement of a single hair under 
18 sheets of paper you are ready to do the cranial work.” This 
higher energy state within the tissue needs to be matched with an 
equal quantum of energy in order to release to a more normal state 
of structure and function. This may take time as the cells within 
the tissues take time to redeposit themselves after partial or full 
release of this potential energy. Tissues are always being turned 
over and their chemical components redeposited. The epithelial 
cells of the gut last about 5 days, but those of the main body of 
the gut last about 120 days. The epidermis of the skin is recycled 
every 2 weeks. The liver has a turnover time of 300 to 500 days. 
The entire human skeleton is replaced every 10 years. The manner 
in which the tissues are redeposited could be infl uenced at least in 
part by the bioelectric fi eld present.

It is also believed that mental/emotional trauma can be 
absorbed into the memory of the tissue through this bioelectric 
phenomena described. Thoughts and emotions are known to infl u-
ence the health and well being of individuals.

The percussion vibrator amplifi es what is normally done 
through the hands alone and thus can increase the amount of 
energy delivered to the tissues. As mentioned the energy state in 
the dysfunction fi eld must be matched to properly release it. High-
impact physical trauma, great psychological trauma and stress can 
produce and maintain these dysfunction fi elds with high-energy 
states. As a practical matter, if 100 ft-lb of force is absorbed into 
the tissues, the operator cannot apply that much physical force to 
release it. One must rely on the bioelectric mechanism of the tis-
sues to address this situation. The operator’s intention and atten-
tion is amplifi ed with the percussion vibrator and will assist in the 
release. Dr. Fulford would say empathically that “Thoughts are 
things,” and “Energy follows thought.” Following the release of 
these high energetic states, the body areas can return to having a 
more normal rhythm, or fl uctuation of fl uids, through the area and 
thus, healing can begin.

A cursory description of a practical demonstration would be as 
follows: The percussion vibrator is placed on one side of the body 
part being treated. The other side is monitored by the other hand 
usually on the opposite side of that body part. With the skillful 

spiritual implications could be observed and felt on the patients Dr. 
Fulford would treat as the fl uid forces would move with great vigor 
under his hands, a phenomenon unique among his peers. Dr. Koss 
states, “Many osteopaths do not realize the power that this humble, 
feeble-looking man had....the power he generated was, to say the 
least, incredible.”

It is interesting to note that according to Dr. Fulford, the CRI 
with its rates, and amplitude was not a focus with Dr. Arbuckle 
or, for that matter, with Dr. Sutherland while he was living. These 
individuals were more focused on the source of the phenomena 
manifesting as the rate, rhythm, and amplitude.

After 1950, Dr. Fulford met Randolph Stone, D.O. He said, 
“Dr. Stone and I were good friends.” Both these men had great 
interest in matters of spirituality beyond the boundaries of any 
particular religion. Dr. Stone developed Polarity Therapy from his 
infl uences of the ancient Ayurvedic Medicine of India. Dr. Fulford 
knew it to be more involved than those who utilize it today. Many 
believe Dr. Fulford’s understanding and appreciation of polarity 
with regard to diagnosis and treatment was from Dr. Stone, but 
Dr. Fulford, himself, credits Baron Karl von Riechenbach (1778 to 
1869) with that.

Riechenbach was a chemist, naturalist, geologist, metallurgist, 
and industrialist known for his discoveries of chemical products 
extracted from tar. He spent his last years researching the energy 
fi eld, which he called the odic force.

The number of infl uences and contacts Dr. Fulford had would 
be too numerous to name and describe in this short essay. It would 
be safe to say that he had an almost childlike enthusiasm for 
knowledge of truth in all matters concerning the understanding 
osteopathic medicine and healing. Nothing would be overlooked 
until it was examined by him and then accepted or discarded.

Diagnosis

Dr. Fulford would say that it takes the mind of a physician to 
understand osteopathy. He felt that without the osteopathic under-
standing of the interrelationship between structure and function, 
an accurate diagnosis could not be forthcoming.

Both the history and the examination were important for Dr. 
Fulford’s diagnosis. In fact, diagnosis was considered to be a more 
important subject than treatment. It was a holistic view of diagno-
sis and treatment that included the physical as well as the mental 
and emotional levels of the patient. Another unique feature of Dr. 
Fulford’s diagnosis on the physical level was how much importance 
was given to the extremities, abdomen, and anterior chest wall as 
opposed to being primarily restricted, at least by habit of mind, to 
the spine and cranium for any particular complaint. The breath was 
also important in diagnosis and not just the breath of the thorax 
but of the whole body from head to toe. Physical as well as subtle 
breath was important to him.

Dr. Fulford considered trauma to be an important part of 
the history intake. First would be birth trauma, which would be 
refl ected in the breath of the individual and greatly infl uenced by 
the fi rst breath the individual took as an infant. Second would be 
physical trauma, especially early in life, and third would be psycho-
logical trauma especially early in life. Most of his diagnosis was 
complete in his mind after getting the history from the patient. As 
a result, the physical exam served to reassure the patient that he 
acknowledged their area of complaint.

During the physical examination, the dysfunction was under-
stood to be the area where the “life force is not fl owing.” The exami-
nation would begin in the foot and ankles and continue to the knees, 
hips and pelvis, abdomen, diaphragm, rib cage, upper extremity, 
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trochanter. This is due to concept of polarity that Dr. Fulford used 
in diagnosis and treatment. In regard to the pelvis, percussion on 
the right side clinically allows more effi cient release even if the 
restriction is on the opposite side, as in this case, at the left femo-
ral head. This is particularly true when release of the entire pelvis 
is desired. Percussion speed would be relatively high due to the 
relative increase in soft tissue in the area. Again, once the release 
is achieved, one should be able to appreciate the fl ow of energy 
through the pelvis at the end of the treatment.

SUMMARY

This chapter offers a glimpse of Dr. Fulford’s percussion. It is not 
intended to provide a substitute for appropriate training, both 
didactic and practical under credible guidance, and is meant for 
those with a complete osteopathic education and not for any other 
purpose.

As a profession, there is much to be gained from those with 
great clinical results regardless of whether we have theoretical 
model to support it at that time or ever. The clinical experience 
shapes and develops the art over time. The osteopathic profession 

application of the percussor hand and the monitoring hand, there 
will be a resonant wave of energy created between the two. This 
force will resonate with the dysfunction fi eld between the hands. In 
order to get this resonating wave, the speed, direction, pressure, and 
placement of the percussing hand will vary depending on the area 
being addressed and the dysfunctional fi eld present. The resonating 
force will be present until there is a release, relaxation, and fl ow of 
the life force through the area. It is believed that the energy within 
the resonant wave will match the energy within the dysfunctional 
fi eld before a release occurs. One’s thought and intention for the 
patient’s well being will be key in releasing the most diffi cult of 
dysfunctional areas. Dr. Fulford states, “The work of healing will 
be greatly assisted by tremendous stimulation of the love nature…. 
We must be sure to pursue genuine healing. Far too often, healing 
is thought of as relieving stressful symptoms, so we are not both-
ered by them. As a result, the effort to heal frequently becomes 
little more than an attack on what is wrong or painful. The healing 
potential is tapped primarily by learning to identify with the health 
and using the resources of health to enrich the consciousness and 
heal the distress as we build up greater health while that which is 
unhealthy fades away.”

A true understanding of this can be gained when one has a 
background in osteopathic medical training, experience, and help 
from a qualifi ed, experienced instructor.

Use and Response of Fulford Percussion

When used with discrimination, the Fulford percussion vibrator 
can be used on almost all patients. The Fulford percussor can be 
utilized for any osteopathic dysfunction, but it is with resistant 
dysfunctions that its usefulness can be most appreciated. Diffi cult 
dysfunctions will respond with less treatment time. Because of the 
enhanced tissue response and release, there is a greater chance of 
rebound symptoms to occur. Treatment frequency may need to 
be reduced. This, of course, will depend on the skill of the opera-
tor using the percussor. Contraindications would include an area 
where one would choose to release less tissue such as postsurgi-
cal cardiac, abdominal, or orthopedic patients within the last 6 
months, prosthetic devices such as heart valves and hip replace-
ments. The use of Fulford’s percussion vibrator is generally not 
advised in the lumbar, sacral, and lower abdomen areas of pregnant 
patients. Acutely painful areas should never be addressed directly 
with the percussor.

Technique

Example One
Subtle motion restriction is found in the right ankle joint involv-
ing the talus, distal fi bula, and tibia (Fig. 52H.1). Percussor speed 
is adjusted to the lower end because of the areas relative decrease 
in soft tissue mass. The placement of the percussor is over the lat-
eral malleolus. Pressure and aim is adjusted for maximum response 
between the percussing hand and the monitoring hand on the 
opposite side (over the medial malleolus). The response one is 
looking for is a process of interchange of the life force between the 
hands. This response will continue until there is a release and the 
tissue is relaxed. One will be able to experience the life force fl ow 
through the area again.

Example Two
A restriction in the subtle motion of the left femoral head was 
found (Fig. 52H.2). The percussor will be placed over the right 
greater trochanter and the monitoring hand over the left greater 

Figure 52H-1 Treatment of ankle.

Figure 52H-2 Treatment of femoral head.
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can choose to divide itself among differences or inherit the richness 
of diversity brought to the table from great minds. The proof is in 
the consistency of their clinical results as observed by many who 
witnessed those events repeatedly.

Dr. Still states, “…we should treat with respect and reverence 
all truths, great and small.....each truth or division as we see it, can 
only be made known to us by the self-evident fact, which this truth 
is able to demonstrate by its action.”

No description of Dr. Fulford’s work would be complete with-
out mention of the love he would say was required to properly 
carry out diagnosis and treatment. The care and love he had for the 
patient’s welfare came across in every encounter with his patients. 
It was refl ected in his behavior with friends, as well as those from 
which he would prefer to distance himself. His professional and 
personal life was living testimony to that embracing principle of 
love seldom experienced in a life.

Dr. Eschtruth said of him, “Medicine in general, and the osteo-
pathic profession in particular is immeasurably better because this 
selfl ess, humble man from southern Ohio who spent his life teach-
ing others his unique way to reach the still point in his patients. 
Some of Bob Fulford’s patients crossed oceans to seek his unique 
treatment. Bob Fulford gave himself as few others have in the 
medical profession. He will be sorely missed, but his presence 
will continue to be felt and his teachings will live on and grow 
forever.”

The late William E. Wyatt, DO, FAAO was a popular pre-
senter at the Annual Convocation Program of the American Acad-
emy of Osteopathy. In a striking moment, he stopped in the middle 
of a presentation to speak directly to Dr. Fulford. He asked “Do 
you know what kind of effect you are having on the Academy?”

The infl uence Dr. Fulford has had on the medical profession 
is undeniable and being enjoyed by us all. The late and great base-
ball player Jackie Robinson said it simply,” A life is not important 
except in the impact it has on other lives.”

SUGGESTED READING

Becker RO, Seldon G. The Body Electric: Electromagnetism and the Foundation of 
Life. New York: William Morrow & Co, 1985.

Blood SD. AAO Newsletter, April 2005.
Burr HS. Blue print for immortality. Saffron Walden: CW Daniel, Health 

Information, 1/12/05. Health Information Center at the Cleveland 
Clinic, 4/10/08. <http.//clevelandclinic.org/health/health-info/docs/2600/
2613.asp?index=9821>.
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Elderly Patient with Dementia
BRUCE P. BATES AND MARILYN R. GUGLIUCCI53

K E Y  C O N C E P T S
■ Nonreversible causes of dementia can be classified into four basic categories: (1) degenerative, 

(2) vascular—previously referred to a multi-infarct, (3) trauma, and (4) infections.
■ Standard medical evaluation tends to miss some of the most prevalent health issues experienced by older 

adults; these tend to include the five I’s of geriatrics: (1) impaired homeostasis, (2) incompetence or intellectual 
impairment, (3) iatrogenesis, (4) immobility, and (5) incontinence.

■ Dementia is difficult to diagnose due to the quandary of a potential multifactorial cause.
■ There are no pharmacologic agents that can cure dementia; however, medications may be helpful in slowing the 

progression of the disease.
■ The overall goal in older adult patient care is to maximize the patient’s residual functional capacity to meet 

patient-centered goals for care for an optimal quality of life.
■ The field of geriatrics and the care of older adult patients are well suited to incorporating the osteopathic 

approach to patient care.

daughter’s nagging, but the daughter believes his agitation and 
“weird thoughts” are due to the passing of his wife. She notes 
that he makes accusations about people taking things from him 
and talks to people who are not there. He no longer enjoys 
walking or caring for the dog. He now bathes infrequently and 
won’t accept assistance to clean the house.

Mr. S feels he is being slowed up by stiffness, which he 
believes could be arthritis from his early life of physical labor. 
He believes his children want him out of the way and want him 
in a nursing home.

Past Medical History:
Hypertension at age 45, dyslipidemia at age 45, osteoarthritis 
at age 70, Alzheimer dementia at age 75, Parkinson disease at 
age 76.

Past Surgical History:
Appendectomy at age 22; left total knee replacement, osteoar-
thritis at age 68.

Social History:
He is an ex-smoker (quit 20 years ago) but smoked a pack a day 
from age 15 until then a 42 pack-yr history; alcohol consumption—
couple of beers on the weekend while watching sports; no illicit 
drugs; married 50 years; two adult children—living and well. 
Daughter lives in another state 4 hours away, the son lives over-
seas and is estranged from the family. Mr. S has been relatively 
socially isolated due to his illness and his wife’s illness. He has 
not resumed previous activities (no longer does maple sugaring 
or read books) or previous involvement (Rotary Club).

Family History:
He is the youngest of four siblings. A sister is deceased from 
renal failure and diabetes at age 84. Still living are a brother 
aged 83 and a sister aged 80. Both have high blood pressure and 
live independently. His father died at age 90 in a car accident 
and his mother died at age 87 from a cause unknown to him.

CASE VIGNETTE

CHIEF COMPLAINT
Mr. S, a 77-year-old white male, is brought to the office by his 
daughter for a second opinion due to her concerns regarding his 
walking and his mood and behavior changes.

History of Present Illness:
The daughter, who usually lives out of state, notes that Mr. S 
has had a gradual progression of difficulty walking and he is 
getting “just mean.” The daughter is concerned that he will 
really hurt himself some day if he falls. He is using a cane at her 
request, but he is adamant that he doesn’t need it.

She is unsure of the onset of his instability since she lives 
out of state, but relates that he has had memory difficulties for 
years and was on donnepizil for this. His wife had cared for him 
until her recent passing due to a stroke. The daughter admits 
that her father had trouble walking for some time and maybe 
for years, but it has been particularly worrisome to her since he 
was placed on Carbidopa/Levadopa for Parkinson disease a few 
months ago. He has declined since then without the stabilizing 
influence of his wife.

The patient denies any difficulty and states that he uses 
the cane only because the daughter insists. Mr. S stated that 
he is forced to use a cane by “those people who are trying to 
put me away” and wishes “they would stop their incessant talk-
ing because they just confuse me.” He is unable to identify 
who “they” are but claims he sees them “when they want to be 
seen.” The daughter states that this pattern has been progres-
sive over the last 3 to 4 months. Mr. S has not actually fallen 
but admits that he is slowed down by what he feels is arthritis. 
The daughter is also concerned about his driving due to slow 
reaction times from apparent stiffness. Mr. S refuses to give up 
the car keys and states “they want to take my car away, how am 
I suppose to get around?” He has been increasingly frustrated, 
short tempered, and easily agitated, which he attributed to 
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changes in character of bowel movements or weight loss; 
although the daughter believes he looks thinner (Box 53.1).

GU:
Denies frequency of urination, hematuria, or dysuria. He admits 
to nocturia 1 to 2 per night. He states his stiffness makes him 
unable to get to the bathroom when he needs to, which causes 
him to wet himself at times.

Musculoskeletal:
He admits to a general stiffness usually without pain. He takes 
Naproxen occasionally for what he says is arthritis in his back 
and left knee. He believes this has caused a slowness of ambu-
lation with gait changes. He denies tics, twitches, convulsions, 
paresthesias, or paralysis.

Psychiatric History:
He has had no psychiatric evaluations or hospitalizations. He 
claims to be satisfied with his life if people would just leave him 
alone. He denies feeling sad hopeless or worthless. He denies 
suicidal or homicidal ideation but jokes that he might change his 
mind if they keep pushing him. Despite reporting seeing people 
who are not there, he denies delusions, hallucinations, anxiety, 
or depression. The daughter reports social withdrawal, a short 
temper, and accusatory language and notes her father gets easily 
agitated and has difficulty with daily routines. He is not compli-
ant with usual daily routines or medications since his wife died.

Activities of Daily Life:
The daughter reports that he dresses himself but would put on 
the same clothes day after day if she did not lay out the clothes 
for him. Likewise he feeds himself but only after she prepares the 

Current Medications:
Metoprolol: 50 mg PO BID

Simvistatin: 40 mg PO qhs
OTC: Naproxyn sodium 222 mg PO once or twice a day 

for knee or back pain (average 5 pills/wk)
Chondroitin sulfate from the health food store—dose 

unknown
Donnepizil: 10 mg PO qhs
Carbidopa/Levodopa: 10/100 PO TID

Immunizations:
Flu vaccine last fall. Pneumococcal vaccine 2 years ago. Last 
PPD or tetanus unknown.

REVIEW OF SYSTEMS
Head:
Denies headaches, no change in vision, hearing, smell, or taste. 
He wears bifocals with a new prescription nearly a year ago. He 
denies syncope, near syncope, or dizziness.

Heart:
Denies chest pain or palpitations. He has no cardiac history 
except as noted in past history without claudication, angina, or 
history of MI.

Lungs:
He denies shortness of breath, wheezing, coughing, dyspnea on 
exertion or orthopnea. No history of occupational exposure or TB.

GI:
Denies food intolerance, dysphasia, odynophagia, acid reflux, 
appetite changes, nausea, vomiting, diarrhea, constipation, 

Nutritional Health Checklist
Perform the following Nutritional Health Risk Questionnaire. Circle the score for “yes” responses and add up the total of circled 
scores at the bottom.

 Yes
Do you have an illness or condition that makes you change the kind and/or amount of food you eat? 2
Do you eat fewer than two meals per day? 3
Do you eat few fruits, vegetables or milk products? 2
Do you have three or more drinks of beer, liquor, or wine almost every day? 2
Do you have tooth or mouth problems that make it hard for you to eat? 2
Are there times when you cannot afford to buy the food you need? 4
Do you eat alone most of the time? 1
Do you take three or more different prescribed or over-the-counter drugs per day? 1
Have lost or gained 10 or more pounds in the last six months without wanting to? 2
Are there times when you are physically unable to shop, cook, and/or feed yourself? 2

Total score
Score interpretation
0–2: Low nutritional risk
3–5: Moderate nutritional risk
6 or more: High nutritional risk

Additional nutritional questions:
How would you describe your current appetite? ________ Good ________ Poor ________ Variable
For how long? ________ Details:

Population Medicine (Richard Glickman-Simon, MD)—Tufts University School of Medicine, 2007
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distal in upper and lower extremities. Cranial nerves II to XII 
are intact. Facies are flat without droop. Speech is articulate 
but slow. No tremor or cog wheeling is noted, but joint stiff-
ness is noted on range of motion testing and handwriting is 
particularly small. No clonus is noted and Babinski Reflex Test 
(Adams, 2000, pp. 19–23) is physiologic.

Psychiatric:
He is oriented to place and person but believes it is 10 years ago 
and that it is Fall when it is actually Winter. He is able to spell 
“WORLD” forward but not backward. He recalls 3/3 objects 
immediately but only 1 of 3 after 5 minutes despite cues. He 
follows a two-step command but has trouble with a three-step 
command. He refuses to draw a clock. He writes a three-word 
sentence that is difficult to read due to its small size. Patient 
is cordial and responds to questions although he is not happy 
about being in the physician’s office. He believes his daugh-
ter wants him declared incompetent to prevent his driving and 
to place him in a nursing home. He relates that he has heard 
voices telling him she wants him “put away.”

Structural Exam:
There is slight flexion posturing of the knees and hips with a 
generalized increase in paraspinal muscle tone in the thoracic 
and lumbar areas. There is flattening of the lumbar lordosis 
and a mild accentuation of the dorsal kyphosis. Periarticular 
changes of the knees and fingers are present.

meals and sets them up. He ambulates with a cane as previously 
noted. He toilets himself, but the daughter notes occasional 
urinary incontinence and his underwear is sometimes soiled 
as if he does not clean himself well. He frequently has to be 
reminded to shower and at those times the daughter is afraid he 
will fall but he refuses her help or to use the shower chair.

Instrumental Activities of Daily Life:
Mr. S is able to answer a phone but does not dial it or look up 
numbers. He does no shopping or housework. The daughter 
shops, prepares meals, and handles his finances for him which 
her mother had done for the past 2 or 3 years. Mr. S needs 
assistance with travel and is unable to plan a trip or describe 
how to get form his house to places with which he was previ-
ously familiar yet he insists he can drive.

PHYSICAL EXAM
Vital signs:
BP: 119/72; pulse: 64; respiration: 14; O2 Sat: 95%.

General:
Mr. S is alert, well hydrated, and well nourished although there 
are signs of recent weight loss as his clothes are ill fitting. He 
looks his stated age. He is in no acute distress, but he is obvi-
ously displeased at being at the doctor’s office.

HEENT:
Head is atraumatic and normocephalic. Facies have a paucity of 
expression. Pupils are equal and reactive to light. Funduscopic 
exam reveals no papilledema, AV nicking, exudates, or hemor-
rhages. Pharynx is without erythema or masses. There is no 
evidence of cervical or submandibular lymphadenopathy. The 
thyroid is palpated without tenderness masses or nodularity.

Heart:
The heart is regular without murmur, gallop, or rub. The point 
of maximum impulse is in the left fifth intercostals space. No 
jugular venous distention or carotid bruit is appreciated.

Lungs:
The lungs are clear to auscultation and percussion with good 
respiratory excursion.

Abdomen:
The abdomen is flat and soft without hepatosplenomegaly, 
masses, tenderness rigidity, or rebound. Bowel sounds are aus-
cultated. A lower right quadrant scar is present compatible with 
his history of appendectomy.

Extremities:
There is no evidence of digital clubbing, ulceration, or cyanosis. 
The left knee has a well-healed scar consistent with previous 
arthroplasty. Degenerative changes of both knees are evident. 
Dorsalis pedis and tibialis posterior pulses are present. The 
knees are slightly flexed at rest, as are the hips. He sits com-
fortably on the exam table, uses his arms to rise to the standing 
position, and sways slightly upon rising. He uses a cane to walk 
and has a slight hesitation upon initiation of walking and steps 
are unequal. He prefers to stand with a widened stance. His 
attempts to turn are noted to be irregular and discontinuous 
and he plops into the chair when asked to sit down.

Neurologic:
Deep tendon reflexes are +2/4 at knee, elbow, and forearm  
but 0/4 at the Achilles bilaterally. Strength is 5/5 proximal and 

DIFFERENTIAL DIAGNOSIS

The medical evaluation of older adults differs from standard medi-
cal evaluation in three general ways: “(1) it focuses on older indi-
viduals with complex issues; (2) it emphasizes functional status and 
quality of life; and (3) it frequently takes advantage of an interdis-
ciplinary team of providers.” Quite often standard medical evalu-
ation will tend to miss some of the most prevalent health issues 
experienced by older adults. These include the fi ve I’s of geriatrics: 
(1) impaired homeostasis—otherwise referred to as homeostenosis; 
(2) incompetence or intellectual impairment; (3) iatrogenesis; (4) immo-
bility; and (5) incontinence (Wagner et al., 1996). Unfortunately, 
these conditions are often considered to be the “giants” in geriatrics 
because they consume much of the physician’s time. The geriatric 
assessment effectively addresses these as well as other areas of older 
adult care in order to prevent disease and disability while success-
fully providing care interventions.

It is fi tting to review these “giants” in relation to Mr. S and 
within the context of the osteopathic approach. Questions that 
may come to mind for the physician as the geriatric assessment is 
taking place and the geriatric giants are being considered include.

Impaired Homeostasis

Does he have evidence that his situation is due to homeostenosis? 
Has there been a change that has interfered with the body’s inher-
ent capacity to self-regulate? Is the loss of his caregiver support 
evidence that a social homeostasis has been lost?

Incompetence or Intellectual Impairment

Does his mental status exam suggest that he may have intellec-
tual impairment? If so, it is important to determine in what realms 
and to what degree. Is the impairment quantifi able? Is it from a 
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his cognitive function has the greatest clinical implication for his 
long-term health. The physician must determine if there are diag-
nostic criteria for dementia. The DSM-IV R lists criteria for the 
diagnosis of dementia (Table 53.1). Concerning Mr. S, one need 
to only apply the fi ndings of short-term and long-term memory, 
with the patient’s functional capacity in ADLs to recognize that 
our patient has a cognitive loss that meets the diagnostic criteria 
for dementia.

The differential diagnosis of dementia can be divided into 
two broad classifi cations—those that are reversible (Box 53.3) and 

metabolic, vascular, psychiatric or other source, or perhaps a 
combination? Physicians may determine capacity to function, use 
cognition, perform activities of daily living (ADLs), or meet executive 
abilities such as planning insight and judgment, but it is the courts 
that decide competence. Therefore, physicians need to be aware of 
how the courts referred to and defi ne incompetence. Box 53.2 presents 
questions to consider in the evaluation of a person’s competency to 
make decisions directly affecting their health and fi nancial security.

Iatrogenesis

Is there a possibility of iatrogenesis? Has a previous diagnosis been 
in error? Has a treatment been instituted or not instituted that has 
created or exacerbated the current situation? Has treatment been 
started that is based on a symptom and rather than a cause? Is there 
a possibility of polypharmacy with drug/drug interactions?

Immobility

Is Mr. S’s apparent immobility his central and most important 
problem? Does this put him at risk for a cascade of disasters as his 
daughter fears? Although it is the chief complaint, is immobility 
the root cause or the symptom of something signifi cant?

Incontinence

Finally, Mr. S has an incontinence problem. Is it a physical prob-
lem (is his bodily system intact), is it caused by decreased cognitive 
function, or is it a physical function issue (he has diffi culty moving 
to the bathroom)? Perhaps it is not an intrinsic problem unto itself 
but rather it is the manifestation of another problem.

This patient’s history and physical exam are strongly sugges-
tive of dementia, and although it was not the presenting complaint, 

Competency Evaluation
Due to psychiatric illness, mental retardation, delirium, or 
dementia, older adult patients may in some situations be 
incapable of making decisions that safeguard their own self-
interests. Although the MMSE provides useful information 
regarding a patient’s global cognitive function, it is impor-
tant to assess, by way of an interview, his or her competency 
in at least two areas: medical and financial decision-making. 
Following are questions to consider in the evaluation of a per-
son’s competency to make decisions directly affecting their 
health and financial security:

•  Is the patient aware they have a mental illness (as listed 
above)?

•  Does the patient understand the nature of the proposed 
treatment?

•  Does the patient understand the need for treatment and the 
implications of refusing treatment?

•  Does the mental illness interfere with judgment and reason-
ing so much that it accounts for refusal of treatment?

•  Does the patient have knowledge of their current assets?
•  Does the patient have knowledge of their monthly expenses 

and bills?
•  Does the patient know where their assets are located and 

being managed?
• Can the patient complete simple calculations?
•  Is the person’s judgment so affected that his or her fi nances 

would be in jeopardy?

T A B L E  5 3 . 1

DSM-IV Diagnostic Criteria for Dementia

A The development of multiple cognitive 
deficits manifested by both:
1.  Memory impairment (impaired ability 

to learn new information or to recall 
previously learned information)

2.  One (or more) of the following cognitive 
disturbances:
a. Aphasia (Language disturbances)
b.  Apraxia (impaired ability to carry out 

motor abilities despite intact motor 
function)

c.  Agnosia (failure to recognize or identify 
objects despite intact sensory function)

d.  Disturbance in executive function 
(i.e., planning, organization, 
sequencing, abstracting)

B The sequencing deficits in criteria A1 and A2 
each cause significant impairment in social 
or occupational functioning and represent a 
significant decline from a previous level of 
functioning

C The course is characterized by a gradual 
onset and continuing cognitive decline

Source: Ward RC, Hruby RJ, Jerome JA, et al. Foundations 
for Osteo pathic Medicine. Philadelphia, PA: American 
Osteopathic Association, Lippincott Williams & Wilkins, 2002.
Adapted from the Diagnostic and Statistical Manual of Mental 
Disorders—DSM IV. 4th Ed. American Psychiatric Association: 
Washington DC, 1994.

Potential Reversible Causes for 
the Dementia
Neoplasm
Autoimmune (lupus, arthritis, multiple sclerosis)
Metabolic disorders
Drugs/medications
Toxins (ETOH, heavy metals, organic poisons)
Nutritional disorders
Infections
Psychiatric disorders (depression, delirium, psychosis)
Other
Normal pressure hydrocephalus

Source: Kane R, Ouslander J, Abrass I. Essentials of Clinical Geriatrics. 5th Ed. 
New York, NY: McGraw Hill, 2004:130.
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Dementia with Lewy bodies accounts for up to 20% to 25% of 
dementia cases listed above. Age at onset is typically greater than 
60 (Galvin et al., 2008).

In some cases, causes of dementia may overlap. That is the case 
for Alzheimer dementia and Parkinson disease. When the patient 
has dementia with detailed hallucination, Parkinsonian signs, and 
alterations in alertness and attention, one might suspect dementia 
with Lewy bodies (Table 53.2).

Vascular dementias are predominately caused by circula-
tory interruption to the brain. Often they are related to infarcts 
(strokes). They can be progressive as the patient experiences recur-
rent infarcts and hence were previously referred to as multi-infarct 
dementias. Many of these strokes happen at the subcortical level 
and are too small to cause permanent residual neurologic defi cits 
in the motor or sensory systems. The key characteristic that distin-
guishes a classic vascular dementia is the typical stepwise decline. 
Unlike Alzheimer disease (AD) that usually shows a steady down-
ward course, vascular dementias show a new decline with each new 
vascular insult followed by a period of stability and then another 
decline with the next event.

Mr. S presents with a past history of Parkinson disease and 
Alzheimer dementia with a recent decline in cognition that is 
slowly getting worse over the previous few months and has been 
exacerbated since the death of his wife. In treating the whole per-
son, consideration must be given to his previous diagnosis of AD, 
the recent initiation of anti-Parkinson drugs, and the loss of his 
primary caregiver whose support may have masked the true seri-
ousness of his cognitive loss.

The physician is left with the quandary of a potential multi-
factorial cause for his current presentation. This is especially true 
when one remembers that the body is an integrated sum of its parts 
and that care of the presenting disease must include considerations 
by the physician for not only the patient’s physical body, but also 
his emotional, social, and spiritual health. The challenge is that 
there are no algorithms for such considerations, which calls upon 
the skill of the physician to consider these factors at every stage 
of the diagnostic and treatment process. The differential diagnosis 
of subacute, progressive cognitive decline, and gait and behavioral 
changes in a 77-year-old man with a history of hypertension, dys-
lipidemia, AD, and Parkinson disease can be viewed in Table 53.3.

In considering the whole context of Mr. S presentation, the Par-
kinson disease diagnosis can be confi rmed as illustrated by his hand-
writing, his gait, and his paucity of facial expressions among other 
characteristics. However, the fact that his dementia was exacerbated 
by the initiation of anti-Parkinson medication and the presence of 
delusions and psychotic overlay suggests a Lewy body dementia. 
Lewy bodies are rounded eosinophilic intracytoplasmic neuronal 
inclusions that contain the protein a-synuclein; they are charac-
teristic of dementia with Lewy bodies and of Parkinson disease. 
In dementia with Lewy bodies, Lewy bodies occur in the cerebral 
cortex and other areas of the brain. In Parkinson disease, Lewy bod-
ies occur in selected subcortical structures, most notably the sub-
stantia nigra. Dementia with Lewy bodies, Parkinson disease, and 
AD overlap considerably. For example, patients who have Parkin-
son disease may develop dementia with Lewy bodies; patients who 
have AD may have a modest number of Lewy bodies, and patients 
who have dementia with Lewy bodies may have neuritic plaques 
and neurofi brillary tangles. Further research is needed to clarify the 
relationships among these disorders (Aarsland et al., 2004; Hurtig 
et al., 2000; Merdes et al., 2003; Tsuboi and Dickson, 2005).

However, in the case of Mr. S, AD is unlikely to be accom-
panied by the level of psychotic symptoms displayed by Mr. S. 
Pseudodementia in the form of depression may also be considered, 

those that are not. The fi rst responsibility for the physician is to 
distinguish between these two categories, and much of the workup 
is aimed at precisely this distinction. Failure to fi nd reversible 
causes, if they exist, results in unnecessary treatment and stresses 
for the patient and the family.

The initial workup for reversible dementias always begins with 
a thorough history and physical examination. As with many con-
ditions the history is central to the diagnosis and as osteopathic 
physicians, it is the functional consequences of the disturbance 
that should be investigated and documented for its impacts on the 
patient and the patient’s support system. The physical exam should 
emphasize the neurologic and cardiovascular systems. Because the 
defi nitive diagnosis of dementia can only be proven by tissue sam-
ple from a brain biopsy, the diagnosis is one of exclusion. One must 
evaluate the patient for other reasonable causes of the diagnosis 
and when that fails, the physician is left with the likely diagnosis of 
dementia. Likewise, it is the constellation of signs and symptoms 
of the whole person that steers the physician to the conclusion of 
the type of dementia once the determination that a dementia exists 
is made.

The laboratory and imaging evaluations may include:

A. Blood studies
Complete blood count (CBC)
Comprehensive metabolic profi le

Glucose
Renal functions—BUN, creatinine
Electrolytes—sodium, potassium, chloride
Liver functions—AST, ALT
Calcium and phosphorus

Thyroid-stimulating hormone (TSH)
Vitamin B12 and folate
Serologic test for syphilis

B. Radiographic studies
Computerized tomography (CT) or magnetic resonance imag-

ing (MRI) of the brain
Selected patients may need autoimmune studies and neuropsy-

chological testing.

It is also important to quantify the degree of the dementia 
to assist with the diagnosis and to provide a baseline for future 
assessments to determine the effectiveness of interventions. 
This could include a test for cognition such as the SLUMS, the 
Folstein Mini Mental Status Exam, or the Clox test. It could 
include a test for depression such as the Geriatric Depression 
Scale. A functional assessment of his ADLs is also useful and 
can be accomplished with such tests as the ADLs Scale or the 
Instrumental ADL (IADL) Scale. Many of these tests are easy to 
administer and can be done in the offi ce by trained paramedical 
personnel.

Nonreversible causes of dementia can be classifi ed in a number 
of different ways. The Agency for Health Care Policy and Research 
lists four basic categories: (1) degenerative, (2) vascular—previously 
referred to a multi-infarct, (3) trauma, and (4) infections (Costa 
et al., 1996). There is considerable overlap and some patients may 
have a mixture.

AD is known to account for approximately 50% of the demen-
tias, vascular (previously called multi-infarct) dementia accounts 
for another 25%. Fifteen percent of dementias are caused by irre-
versible central nervous system (CNS) disorders such as Pick dis-
ease, Huntington chorea, inoperable brain tumors, and Parkinson 
disease. The remaining 10% result from treatable causes such as 
the effects of various drugs, brain tumors, vitamin B12 or folate 
defi ciencies, depression, thyroid disturbances, and CNS infection. 
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care dollars and physicians’ time and limited resources (Flowers 
et al., AARP, 2003). Despite this, it is the physician’s responsibility 
to work with older adult patients and their caregivers to facilitate 
successful aging well before the onset of a health crisis. Implement-
ing preventive activities at younger ages includes primary and sec-
ondary disease prevention and health promotion activities such as 
proper nutrition, physical exercises, cognitive exercises, and the care-
ful exploration of psychosocial dimensions. These activities can be 
implemented with patients of all ages and health conditions. Suffi ce 
to say, it is never too late to make changes to augment health.

The overall goal is to maximize the patient’s residual functional 
capacity to meet patient-centered goals for care for an optimal 
quality of life. A variety of measures are useful for the well being 
of patients with dementia and their families. These interventions 
range from the assessment and potential alteration of the physical 
living environment, to education on the use of specifi c strategies of 
care to providing information and counseling services or referrals. 
It is important to remember that this can only be done with the 

but his presentation is not convincing for depression based on the 
DSM criteria for depression or his depression test score. Vascular 
dementia usually has a more abrupt onset with a gradual stepwise 
decline as more vascular events occur and impact brain function.

OSTEOPATHIC PATIENT MANAGEMENT

The osteopathic approach to patient care, fi rst described in the 19th 
century, dovetails well with the much newer fi eld of geriatric medi-
cine that stresses the care of the individual as much as the care of 
the disease state. This symbiotic relationship is paramount in older 
adult healthcare. The physician is tasked with helping the patient 
achieve maximal residual functions. It cannot be stressed enough 
that the majority of older adults age successfully; they are survivors. 
Nationally, approximately 5% require institutional care (AHCA, 
2007), leaving 95% of older adults to be cared for in the community 
with an increasingly limited number of physicians trained in geri-
atrics. Unfortunately, it is the 5% who consume much of the health 

T A B L E  5 3 . 2

Diagnosing Lewy Body Dementia

Symptom/Area of Deficit Dementia with Lewy Bodies Parkinson Disease Dementia

Diagnostic criteria Probable = Probable =
• Dementia plus 2 Core •  Parkinson’s, Dementia plus 2 Core
• Dementia plus 1 Core 1 Suggestive
Possible = Possible =
• Dementia plus 1 Core •  Parkinson’s, Dementia plus 1 Core
• Dementia plus 1 Suggestive

Dementia Required Required
1. Memory impairment X Core
2. Language impairment X Core
3. Visuospatial function impairment Usually prominent Core
4. Executive function impairment Usually prominent Core
Parkinsonism Core (can occur around the same time 

OR after dementia)
PD diagnosis required (usually years 
before dementia)

Fluctuating cognition Core X
1. Reduced attention Usually prominent Core
2. Excessive daytime sleepiness X Supportive
Visual hallucinations Core Supportive
Severe neuroleptic sensitivity Suggestive X
REM sleep behavior disorder Suggestive X
Changes in personality and mood Supportive
1. Depression Supportive X
2. Anxiety X X
Delusions Supportive Supportive
Apathy X Supportive
Hallucinations in other modalities Supportive X
Severe autonomic dysfunction Supportive X
Repeated falls and syncope Supportive X
Transient, unexplained loss of 
consciousness

Supportive X

X = Common symptom not required for diagnosis. Galvin JE, Boeve BF, Duda JE, et al. Current Issues in Lewy Body Dementia Diagnosis, 
Treatment and Research, Report sponsored by The Carmen Foundation, Lewy Body Dementia Association, Inc., 2008:7.
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tenderness—(Mosier and Kohara, 2007) fi ndings must be inter-
preted in the context of usual aging. We can expect that the older 
adult will have tissue texture abnormalities based on elastin loss and 
changes in tone and turgor. We will fi nd there is usually asymmetry 
and motion restrictions in the absence of trauma. Tenderness can 
be a useful guide to the onset of new conditions for considerations. 
The older adult patient loses height while preserving span due to 
the loss of hydration in the intervertebral discs and the prevalence 
of osteoporosis. The typical older adult will demonstrate a “fl ex-
ion posture.” Thus, the knees and hips may not extend as far and 
forward bending at the lumbar spine may be restricted. There is 
typically fl attening of the usual lumbar lordosis and accenting of 
the dorsal kyphosis and or cervical lordosis. Cranial sutures calcify 
with age and cranial motion abnormalities and their interpretation 
can be diffi cult to detect in older adults.

Osteopathic manipulative treatment (OMT) can be applied 
in cases where there is degenerative neurologic disease especially 
in which dopaminergic synapses in the corpus stratum deterio-
rate leading to tremor, bradykinesis, and muscular rigidity. Muscle 
energy techniques are thought to be especially helpful in treating 
these patients. The author usually avoids thrust and impulse tech-
niques because of the risk of osteopenia in many geriatric patients. 
A combination of manipulation, physical therapy, and strength 
training, especially in the earlier phases of dementia of the Lewy 
bodies type, may improve head and neck posture, increase stride 
length, increase hip, knee and ankle fl exion, increase foot lift from 
fl oor, decrease incidence of falls, decrease depression, thereby 
improving quality of life (DiGiovanna and Rowante, 2005).

Respiratory Circulatory Model

Vascular dementia may be caused by macrotrauma such as 
in a stroke, but it can also be caused by the changes in blood 
fl ow brought on by aging. Arteries may narrow, slowing capil-
lary fl ow. This may affect the intrinsic function of the brain; the 
failure to clear the waste also may assist in the accumulation 

involvement of a multiprofessional team and it is the physician’s 
duty to recognize the need and to provide avenues to the appropri-
ate resources when possible. The management of patients is best 
done in the least restrictive environment possible. The preparation 
for changes in level of care must always be anticipated, as dementia 
is a progressive disease. The support for the family and caregivers 
is crucial to this effort. Guilt, feelings of being overwhelmed and 
underprepared are common. The physician should proactively assess 
the family for signs of physical, emotional, and fi nancial stresses 
that will impact the care of the patient and thus advocate for strate-
gies that minimize those stresses. Services, such as those from Area 
Agencies on Aging, the Alzheimer’s Association or Lewy Body 
Dementia Association may be of value (Box 53.4). Local agency 
and chapters can be found via a web search or in local phonebooks.

Biomechanical Model

While there are no biomechanical changes specifi c to the diag-
nosis of dementia, we are aware of certain prevailing tendencies 
for the older adult population. It should also be emphasized that 
many healthy older adults often practiced good health habits in 
their younger years. If the osteopathic physician is to see the results 
of healthy aging, then the interventions such as immunizations, 
smoking cessation, lipid management, calcium and vitamin D sup-
plementation, and exercising the mind and body must begin well in 
advance of the diagnosis of disease. A good health foundation gives 
older adults a stronger base to call upon.

Regardless of past health practices, older adults tend to experi-
ence alterations in biomechanical functions such as an increased 
incidence of protein crosslinking in the soft tissues and a loss of 
elastin that leads to a generalized stiffening and slowness of reac-
tion. There is a loss of subcutaneous fat and subcutaneous tissues 
making the patient vulnerable to trauma and ecchymoses, Bony 
joints are subject to the development of degenerative condi-
tions such as arthritis due to longevity and wear and tear. Thus, 
TART—tissue texture abnormality, asymmetry, restriction of motion, 

T A B L E  5 3 . 3

Differential Diagnosis Chart

Differential Diagnosis Consideration

Vascular Vascular dementia
Inflammatory Unlikely
Neoplasia Unlikely
Degenerative Alzheimer dementia

Lewy body dementia
Picks disease

Iatrogenic idiopathic Adverse medication effect
Congenital Unlikely
Autoimmune Unlikely
Trauma/toxins Unlikely
Endocrine/metabolic Hypothyroidism
Psychologic Depression, delirium

Source: Ward RC, Hruby RJ, Jerome JA, et al. Foundations for 
Osteopathic Medicine. Philadelphia, PA: American Osteo pathic 
Association, Lippincott Williams & Wilkins, 2002.
Adapted from the Diagnostic and Statistical Manual of Mental 
Disorders—DSM IV. 4th Ed. Washington DC: American Psychi-
atric Association, 1994.

Caregiver and Patient Resources
A.  Alzheimer’s Association. Warning signs for Alzheimer’s 

disease. http://www.alz.org/alzheimers_disease_symptoms_
of_alzheimers.asp

B.  Eldercare Locator - 800-677-1116 http://www.aoa.gov/
elderpage/locator.html

C.  Lewy Body Dementia Web site (http://www.lbda.org) 
Resources:
1.  Introduction to Lewy Body Dementia Web address: 

http://www.lbda.org/feature/1942/an-introduction-to-
lewy-body-dementia.htm

2.  Understanding Lewy Body Dementia: 10 Things You 
Should Know. pdf file accessed through http://www.
lbda.org

3.  Facts about Lewy Body Dementia Pamphlet. http://
www.lbda.org/feature/1925/facts-about-lbd-brochure.
htm

4.  Lewy Body Digest—Newsletter. http://www.lbda.org/
category/3477/newsletter.htm

D.  National Agencies on Aging (N4A) is the leading voice 
on aging issues for Area Agencies on Aging. Access this 
site to find a local Agency on Aging to assist with finding 
services and answers on older adult resources. http://www.
n4a.org/
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The newest agent is Memantine (Nemenda) that affects another 
neurotransmitter, glutamine. Like the cholinesterase inhibitors, this 
agent will not stop or reverse the dementia. It may be necessary to 
use these agents in combination (Qaseem et al., 2008).

As with all medications, there are risks and benefi ts, and drug 
treatment should be instituted with the mantra of “start low, go 
slow, but go.” Low dosages are instituted and gradually adjusted 
upward, slowly but deliberately. Consequently, repeated assess-
ments and adjustments of medication over time are needed. The 
astute physician must recognize and counsel the patient and family 
on these risks and benefi ts. For many patients and their families, 
an ethical struggle may eventually ensue around the discontinua-
tion of medications when they no longer serve to meet a patient-
centered goal related to the quality of life.

In considering which pharmacologic agents to institute, one must 
also consider which agents the patient may already be taking that can 
exacerbate the symptoms or are incompatible with those planned to 
be instituted. Reversible causes of dementia may include iatrogeni-
cally prescribed medications and other treatments. Mr. S should stop 
his anti-Parkinson medication as it can exacerbate the psychoses 
of dementia with Lewy bodies. Antipsychotic medications may be 
instituted with caution. He probably should continue on donnepizil.

Behavioral Model

In a society with fewer extended families, the psychosocial aspects of 
the dementias can be paramount in care management. In terms of 
the whole patient, the cultural and spiritual foundations of the patient 
and the family of caregivers will infl uence the care decisions and the 
context in which they are suggested by the physician and the manner 
in which they are accepted by the patient and caregivers. Autonomy 
is prized as an ethical precept and should be honored when possible 
in the patient with capacity. As dementias progress, practitioners must 
increasingly rely on secondary sources of information to determine 
values and wishes of the patient. It is therefore important to try to 
determine these preferences as early in the disease process as possible.

The psychosocial elements of dementia range from the emo-
tional response to the diagnosis to stressors from coping with the 
ongoing management of the individual, to honoring the indi-
vidual’s beliefs and values. Honoring the patient’s previous stated 
wishes may cause dissonance among caregivers who want to honor 
those wishes but fi nd it diffi cult to do so. Role reversal as offspring 
assumes care for their parents is stressful. Practical matters of 
advanced directives, aggressiveness of interventions, preferences for 
religious support, and guardianships or power of attorney should be 
discussed early on in the management. Since the “mind is robbed 
before the body,” patients and their families may experience a divide 
between the apparent abilities of the older adult and the actual abil-
ities. Issues of alone time, driving, and fi nancial management may 
become obstacles and create a dynamic tension in the patient and 
in intrafamily relationships (Family Caregiver Alliance, 2009).

The osteopathic philosophy makes very clear the distinction 
between treating disease in patients and treating patients who have 
disease (Still, 1892). It is the latter that must dominate our osteo-
pathic approach. Clarity of goals of care, honoring the culture and 
belief systems of families and individuals, providing support sys-
tems for patients and families must all be sought. Care must be 
tailored to the needs of the individual and families, not institutions. 
For the physician, the issue involves more than just managing the 
dementia; it is imperative to help the patient make the most of 
their remaining years (Rabin, 2000).

Most patients with dementia express the desire to remain in 
their homes. Caregivers often have considerable guilt and feelings 

of waste products, and toxic b-amyloid creating a chemical imbalance 
of the neuronal ability to function (Center for Dementia Research, 
NIH Report, 2001).

Many clinicians and researchers have observed lifestyle factors 
in the onset and progression of dementia. We know that exercise 
and nutrition play a large role in healthy aging in general, and this 
seems to be true for dementia prevention as well. The activities 
reduce concomitant risk factors such as obesity, elevated lipid lev-
els, and high blood pressure. Pursuing intellectual activities (exer-
cise for the mind) and active social contacts are contributors to 
healthy aging (Snowdon, 2003). Epidemiologic studies show that 
higher level of physical activities reduces cognitive decline. Animal 
studies show that activity increases capillary formation in the brain. 
Although a fair amount of research has been conducted, more trials 
are needed to expand our knowledge.

Neurological Model

Dementia results from a confl uence of numerous infl uences. Some 
such as Parkinsonian dementia and Alzheimer dementia are rooted 
in genetic, environmental, and systemic factors that then lead to the 
accumulation of abnormal proteins or reduced oxygen fl ow to tissues 
and resulting toxic processes. These toxic processes then lead to the 
manifestations that we can observe. These early symptoms depend 
on the area of the brain affected but can include tremor, memory loss, 
executive functions losses of planning insight and judgment, gait and 
movement disorders, hallucinations, delusions, and rigidity.

Alzheimer researchers have uncovered the apoE gene on chro-
mosome 19 that is believed responsible for some cases of familial 
AD as it produces a protein referred to as apolipoprotein E. But this 
connection is incomplete and does not account for all cases. The 
two hallmarks for AD are the plaques and neurofi brillatory tangles 
found in brain tissue. Plaque formation involves the production and 
deposition of b-amyloid plaques. Tau is the protein that is the chief 
component of the tangles. These tangles are commonly found in 
the frontotemporal dementias such as those associated with Par-
kinson disease and may be a cause of dementia. These hypotheses 
warrant aggressive ongoing research.

Scientists do not yet fully understand what causes AD or other 
dementias. Age is the most important known risk factor. For exam-
ple, the number of people with AD doubles every 5 years beyond 
age 65 (Launer et al., 1999). Some researchers have implicated a 
low-grade chronic infl ammation as an inciting factor. Others have 
targeted the metabolic processes that produce free radicals that 
cause oxidative damage on cellular mitochondria. These damaged 
mitochondria then cause malfunctions of the cellular functions 
including neurotransmitter production and receptivity. Since the 
brain has a high rate of metabolism, it may be especially suscepti-
bility to this oxidative damage.

A strong component of the care of patients with dementia is 
pharmacological therapy that addresses the neurological pathology 
and sequelea of the condition. The pharmacotherapeutics fall into 
three broad categories: drugs that (1) enhance cognition and func-
tion, (2) treat coexisting depression, and (3) treat complications of 
dementia. None of the medications in these categories cure the dis-
ease but may slow the progression of the disease thereby adding func-
tional months to the patient’s quality of life. They may also be useful 
in managing comorbid conditions associated with the dementia. For 
medications that enhance cognition, currently available medications 
include the cholinesterase inhibitors such as Donnepezil (Aricept), 
Rivastigmine (Exelon), and Galatamine (Razadyne). These drugs 
work by slowing down the action of acetylcholinesterase to main-
tain higher levels of the acetylcholine neurotransmitter in the brain. 
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Additional resources on dementia of the Lewy body type may be 
found in Box 53.5: Lewy body dementia resources for physicians.

The key principles of managing dementia can be found in 
Box 53.6.

of inadequacies when this is no longer possible. Geriatric practi-
tioners would support the home environment as the best place for 
ongoing care. As the patient loses ADL skills, the concerns about 
safety, provision of care, and the need for continual supervision may 
become overwhelming. Home health agencies can be of assistance 
but are often limited as to length and depth of service availability. 
To further compound care for older adults with dementia, fi nancial 
outlay for care can be considerable, regardless of the skill and avail-
ability of such care, it is often diffi cult to secure even for those with 
the means to pay out of pocket.

A study conducted in 2006 (Buhr et al., 2006) cited the caregiver 
reasons for placement of older adult loved ones in nursing homes. 
These included (a) the need for skilled care (65%), (b) the caregiv-
er’s health (49%), (c) dementia-related behaviors (46%), and (4) the 
need for more assistance (23%). Behaviors are often the last straw 
for decision makers. These include socially inappropriate behaviors, 
agitation, delusions, wandering, and incontinence. In an earlier study 
(Magaziner et al., 2007), the prevalence of dementia in Maryland 
nursing homes—a state with similar admissions to nursing homes 
elsewhere in the United States—was 48.2% with an upper bound 
estimate at 54.5%. Prevalence was highest in smaller (<50 beds) facil-
ities (65.5%) as compared with those with a higher number (200+) 
of beds (39.6%). Percentages were also higher in urban versus rural 
areas (50.0% vs. 39.1%). Of note is that dementia-related admissions 
represent high percentages of all nursing home admissions.

Metabolic Energy Model

The single most identifying characteristic of the aging process is a 
narrowing of the homeostatic window. As we age, processes come 
into play that impact the individual’s response to physical, biologic, 
or psychologic insults. This has been called homeostenosis. The 
ability of the body to self-regulate and to marshal resources to heal 
is challenged in older adults. For example, the cardiac reserves are 
lessened as cardiac output diminishes and the heart is less respon-
sive to a catecholamine stimulus. Similarly, the endocrine system is 
less responsive to the stimulating hormones. There may be reduced 
receptor responsiveness to endogenous and exogenous stimuli, the 
immune response may be blunted, and osmoreceptors are less sen-
sitive to changes in fl uid and electrolytes. With less ability for older 
adults to tolerate physiologic stress, the line between health and 
wellness narrows. Further, a person with dementia may fi nd it dif-
fi cult to marshal the psychological and social resources to cope with 
illness. This homeostenosis makes older adults prone to a cascade 
of disasters. An example of this could be: dementia leads to less 
mobility, the immobility leads to instability, the instability leads to 
a fall, the fall leads to a fracture, the fracture leads to more immo-
bility that leads to respiratory stasis and atelectasis, which leads to 
pneumonia, and so forth. However, it must be stressed that this 
characteristic of aging does not apply universally. Individuals age 
individually; meaning that aging itself is not a disease and indi-
viduals must be approached individually.

Diet has been an area of interesting research as well with atten-
tion to antioxidants and folate. Individual studies have been prom-
ising but inconclusive when reviewed as a whole. Mega doses of 
vitamin B and the use of herbal medications and antioxidants have 
been proposed. Gingko biloba has been the leading herbal promoted 
for memory improvement. Vitamin E has been likewise had its advo-
cates. Anti-infl ammatory medications such as ibuprofen have been 
recommended for their anti-infl ammatory abilities. Despite the fer-
vor of some, none of these has proven more effective than a balanced 
diet and exercise of the mind and body (Engelhart et al., 2002; Gray 
et al., 2008; Heyn et al., 2004; Mazza et al., 2006).

Lewy Body Dementia Resources for 
Physicians
1.  For Emergency Room Physicians: Treating LBD Psychosis. 

Developed in consultation with LBDA’s Scientific Advisory 
Council. http://www.lbda.org/go/er

2.  Current Issues in Lewy Body Dementia: Diagnosis, 
Treatment, and Research (May 2008) by Galvin et al. PDF 
found on home page at: http://www.lbda.org/

3.  Physician’s Reference List of Lewy Body Resources—
updated 2008. PDF found on home page at: http://www.
lbda.org/

4.  Message to Physicians Treating Lewy Body Dementia—
PDF found on home page at: http://www.lbda.org/

Principles in Managing Dementia
   I. Optimize function

Investigate and treat reversible and comorbid medical 
conditions
Avoid unnecessary medications especially anticholerner-
gic and sedating medications
Provide appropriate assistive devices such as walkers, 
hearing aids, eyeglasses
Modify the environment such as widening doors, the 
addition of grab bars, ramps, elevated toilet seats and 
the removal of scatter rugs
Prepare patient and family for changes in location and 
time to adapt to new placements
Emphasize nutrition and exercise

  II. Identify and manage complications
Behavioral disorders
Depression
Loss of insight and judgment (wandering, driving, planning)
Psychoses
Incontinence
Team based care with nursing, occupational and physical 
therapists, social work, home health agencies and others

III. Information management for patient and family
Nature of disease with regular updates of progression and 
prognosis
Social service agency resources such as the Alzheimer’s 
Association
Advanced directives
Respite service options

 IV. Family/caregiver counseling
Identify supportive services
Identify and resolve family conflicts
Handle feelings of guilt anger and despair
Legal concerns
Financial concerns
Ethical concerns
End of life care

Source: Modified from Kane R, Ouslander J, Abrass I. Essentials of Clinical 
Geriatrics. 5th Ed. New York, NY: McGraw Hill, 2004:141.
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http://www.caregiver.org/caregiver/jsp/content_node.jsp?nodeid=569. 
Accessed March 2009.

12. Flowers L, Cool RJ, Melvin ME. AARP, Public Policy Institute, AARP, 
601 E Street, NW, Washington DC, Pub ID: D17984, 2003.

13. Galvin JE, Boeve BF, Duda JE, et al. Current Issues in Lewy Body Demen-
tia Diagnosis, Treatment and Research. Report Sponsored by The Carmen 
Foundation, Lewy Body Dementia Association, Inc., 2008.

14. Gawande A. The way we age now. A. Annals of Medicine: The New Yorker, 
2007. Available at: http://www.newyorker.com/reporting/2007/04/30/
070430fa_fact_gawande/. Accessed November 2008.

15. Gray SL, Anderson ML, Crane PK, et al. Antioxidant vitamin supplement 
use and risk of dementia or Alzheimer’s disease in older adults. J Am Geriatr 
Soc 2008;56(2):291–295.

16. Heyn P, Abreu BC, Ottenbacher KJ. The effects of exercise training on 
elderly persons with cognitive impairment and dementia: a meta-analysis. 
Arch Phys Med Rehabil 2004;85:1694–1704.

17. Hurtig HI, Trojanowski JQ, Galvin J, et al. Alpha-synuclein cortical 
Lewy bodies correlate with dementia in Parkinson’s disease. Neurology 
2000;54:1916–1921.

18. Kane R, Ouslander J, Abrass I. Essentials of Clinical Geriatrics. 5th Ed. New 
York, NY: McGraw Hill, 2004.

19. Launer LJ, Andersen K, Dewey ME, et al. EURODEM Incidence 
Research Group and Work Groups. Rates and risk factors for dementia 
and Alzheimer’s disease. Neurology 1999;52:78.

20. Lee M, Wilkerson L, Reuben DB, et al. Development and validation 
of a geriatric knowledge test for medical students. J Am Geriatr Soc 2004;
52:983–988.

21. Magaziner J, German P, Itkin Zimmerman S, et al. The prevalence of 
dementia in a statewide sample of new nursing home admissions aged 65 
and older. Gerontologist 2007;40:663–672.

22. Mazza M, Capuano A, Bria P, et al. A comparison in the treatment of 
Alzheimer’s dementia in a randomized placebo-controlled double-blind 
study. Eur J Neurol 2006;13:981–985 [PMID: 16930364].

23. Merdes AR, Hansen LA, Jeste DV, et al. Infl uence of Alzheimer pathology 
on clinical diagnostic accuracy in dementia with Lewy bodies. Neurology 
2003;60:1586–1590.

24. Mosier AD, Kohara D. Osteopathic Medicine Recall. Baltimore, MD: 
Lippincott Williams & Wilkins, 2007.

25. Rabin B. Social networks and dementia. Lancet 2000;356(9233):76–77.
26. Snowdon DA. Healthy aging and dementia: fi ndings from the nun study. 

Ann Intern Med 2003;139:450–454.
27. Still AT. The Philosophy and Mechanical Principles of Osteopathy. Kansas 

City, MO: Hudson-Kimberly, 1892.
28. Tsuboi Y, Dickson DW. Dementia with Lewy bodies and Parkinson’s 

disease with dementia: are they different? Parkinsonism Relat Disord 
2005;11:S47–S51.

29. Qaseem A, Snow V, Cross JT Jr, et al. the Joint American College of 
Physicians/American Academy of Family Physicians Panel on Dementia. 
Current pharmacologic treatment of dementia: a clinical practice guide-
line from the American College of Physicians and the American Academy 
of Family Physicians. 2008;148:5:370–378.

30. Wagner EH, Austin BT, Von Korff M. Organizing care for patients with 
chronic illness. Milbank Q 1996;74:511–544.

31. Ward RC, Hruby RJ, Jerome JA, et al. Foundations for Osteopathic Medicine. 
Philadelphia, PA: American Osteopathic Association, Lippincott Williams 
& Wilkins, 2002.

SUMMARY

The treatment of an older adult with dementia begins with a history 
and physical to determine the degree of progression of the condi-
tion. Applying the osteopathic practices and principles including 
evaluating for predisposing dysfunction of the entire body is a part 
of the physical examination. The diagnosis includes considerations 
of two broad classifi cations of dementia—those that are reversible 
and those that are not. The physician must distinguish between 
these two categories, which is accomplished by and large by the 
history, physical, and lab results. Treatment is directed to the iden-
tifi ed dementia and must include considerations of the patient as a 
whole person. OMT may be utilized when appropriate to improve 
head-and-neck posture, increase stride length, increase hip, knee 
and ankle fl exion, increase foot lift from fl oor, decrease incidence 
of falls, decrease depression, thereby improving quality of life. The 
environment must also be considered in the case of dementia diag-
nosis and a determination of ways of modifying the environment to 
improve the overall health or at least quality of life is essential.
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Uncontrolled Asthma
MARY ANNE MORELLI HASKELL AND JESUS SANCHEZ, JR54

K E Y  C O N C E P T S
■ Asthma is an obstructive pulmonary disease with an inflammatory component.
■ The dynamic balance between sympathetic and parasympathetic influences in the lung is distorted in asthma.
■ Aspects of anatomical and physiological immaturity in young children with asthma result in vulnerability for 

respiratory muscle fatigue, inefficiency of diaphragmatic mechanics, and ineffectiveness of tissue recoil.
■ There are biomechanical, respiratory-circulatory, metabolic, and neurological influences that need to be 

considered in the management of the child with asthma.
■ Osteopathic manipulative medicine used in conjunction with standard care may improve the severity of asthma 

symptoms and decrease the need for pharmaceutical management.

Medications
Albuterol MDI—two puffs q.i.d.
Beclomethasone inhaler—two puffs q4-6h as needed

Immunizations
Up-to-date

REVIEW OF SYSTEMS
General:
She admits to fatigue but denies fever, chills, and sweats.

HEENT:
She denies headache, visual changes, she admits to nasal con-
gestion but denies sneezing and sore throat.

Lungs:
She admits to “trouble breathing” and feeling “chest tightness” 
and “out of breath.” She admits to cough, which is nonproduc-
tive. She admits to wheezing.

Cardiovascular:
She denies weakness.

GI:
She denies nausea, vomiting, stomach pain, diarrhea, burning 
chest pain

Orthopedic:
She denies myalgias and arthralgias

PHYSICAL EXAM
Vital signs:
HR: 98 beats/min, RR: 24 breaths/min, BP: 180/90 mm Hg, 
and pulse oximetry O2 saturation: 93% while breathing room 
air. The patient was afebrile and blood pressure was 120/88.

General:
She appears mildly ill and has occasional paroxysm of coughing.

HEENT:
Normal.

CASE VIGNETTE

CHIEF COMPLAINT
A 10-year-old female patient with a history of asthma was 
brought from school to the clinic by her mother. This patient 
was well known to the clinic, as she has been seen two to three 
times per week for her symptoms. She has often been sent to 
the clinic during school hours.

History of Present Illness:
The patient has been noted to be noncompliant with her 
medications. On this particular visit, the patient ran out of 
her albuterol measured dose inhaler (MDI) and was having 
an asthma attack. The clinic staff approached the patient in a 
somewhat dismissive manner, stating that the patient was only 
trying to get out of school.

Past Medical History:
Positive for recurrent upper respiratory tract infections with 
exacerbation of wheezing and cough. The patient has been 
hospitalized four times in her lifetime because of asthma exac-
erbations, but she has never been ventilated. Her last hospital-
ization was 2 years ago. She has also had numerous emergency 
room visits because of her asthma. As an infant, she had reflux 
and recurrent ear infections.

Past Surgical History:
Positive for tympanoplasty and ventilation tubes at 8 months 
of age and 2 years.

Family History:
Father is 36 with anxiety/depressive disorder and hypertension. 
Mother is 34 with irritable bowel syndrome. Both parents smoked 
until 2 years ago. One elder sister with scoliosis, two younger sis-
ters in good health except for ear infections as infants.

Social History:
The patient lives at home with her parents and three sisters. The 
family is economically challenged and there is some concern 
about regarding her and her family’s ability to comprehend and 
comply with medical instructions regarding her asthma therapy.
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Heart:
Heart rate is regular. No murmur or gallop is auscultated.

Lungs:
Diffuse bilateral expiratory wheezing with full breath sounds. 
Moderate accessory respiratory muscle use with respiration 
without paradoxical thoracoabdominal breathing was noted.

Abdomen:
Soft and nontender without hepatospenomegaly. Bowel sounds 
are normal.

Orthopedic/Structural Exam:
There is a mild right thoracic scoliosis present with forward 
bending, which is 50% reducible with passive sidebending. 
The pelvis is rotated right. The lumbosacral junction is side-
bent right. The thoracolumbar junction is sidebent right and 
rotated left. Expiratory motion of the upper ribs on the right 
is decreased and overall there is decreased rib compliance and 
reduced excursion during the exhalation phase of respiration 
especially involving ribs three to five with bilateral paraspinal 
muscle spasm at these levels. C7-T1 is sidebent and rotated to 
the left. There is compression of the cranial base and occipito-
mastoid area on the right.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of diffuse expiratory wheezes, moderate 
accessory respiratory muscle use, increased pulse rate, and decreased 
oxygen saturation level in a patient with known asthma supports 
the working diagnosis of an acute exacerbation of asthma. The staff 
was immediately notifi ed to begin a nebulized albuterol treatment.

Asthma is the most common chronic disease of children and 
adolescents. The most common symptoms include wheezing, short-
ness of breath, chest tightness, and cough (Barrios, 2006; Colice, 
2004). Asthma symptoms may be exacerbated by cold, exercise, 
infection, medications such as aspirin and NSAIDS, and aller-
gens. Although the precise etiology is still unclear, asthma involves 
hypersensitivity of the bronchi and lower airways to allergens, cold, 
or other irritants including pollution. The resulting infl ammation, 
bronchospasm, and mucous plugging lead to intermittent airway 
obstruction and diffi culties in breathing. In severe cases, death may 
result (Barrios, 2006; Eder, 2006). The severity of asthma should 
never be underestimated.

Asthma can be thought of as an obstructive respiratory process. 
In addition to high-pitched diffuse wheezes, it may present with 
night time cough or prolonged expiratory phase of respiration.

Asthma is classifi ed by severity of symptoms and management 
is based upon this classifi cation. Mild intermittent asthma occurs 
when symptoms present 2 or fewer days per week or 2 nights per 
month; mild persistent asthma presents more than 2 days per week 
or more than 2 nights per month but less than once daily; moder-
ate persistent asthma presents daily nightly; and severe persistent 
asthma occurs continually during the day and frequently at night.

Exploring the natural history of asthma has raised awareness 
of the variability within the disease continuum (Barrios, 2006). 
Asthma commonly begins in infancy; as one study found, 5% of 
infants had at least one physician encounter for reported wheez-
ing within the fi rst year of life (Reed, 2006). During the age range 
from infancy into adolescence, intrinsic asthma appears to be asso-
ciated with exposure to respiratory infections, such as Respiratory 
Syncytial Virus. Asthma, which is termed “allergic or extrinsic,” 

has been found to develop most often during the second decade of 
life with some persistence into adulthood (Barrios, 2006). Persis-
tent symptoms of asthma more often occur in children with atopy 
(Carroll, 2008; Reed, 1999; Sears, 2008; Singh, 2006). Although 
different criteria have been used to diagnosis asthma over the past 
thirty years, the incidence of asthma appears to have increased over 
the last two decades (CDC, 2008), and external factors such as 
environmental pollutants may have contributed. There is a greater 
incidence of asthma in children who are minorities, of low socio-
economic status, or live with people who smoke.

A number of factors may precipitate an asthma attack, including:

■ Emotional stress including anxiety, fear, anger, and suppressed 
feelings

■ Exercise
■ Gastroesophageal refl ux
■ Inhaled and ingested allergens (e.g., animal dander, food allergies, 

house dust, mold, pollens, spores, chemicals, food additives)
■ Inhaled irritants (e.g., tobacco, smoke, air pollution, aerosol 

sprays, strong odors)
■ Medication (e.g., aspirin, NSAIDs, beta-blockers)
■ Poor diet and mucogenic foods (e.g., dairy products)
■ Viral respiratory infections especially sinusitis
■ Weather changes (including wind and changes in temperature 

and humidity)

Anecdotally, some osteopathic physicians suspect that mechanical 
injuries can precipitate an asthma attack. One group has found that 
injuries to the head or sacral regions may precipitate an asthma 
attack (Frymann et al., personal communication, 2009).

Asthma as a disease has been characterized by intermittent 
airway obstruction, also termed reversible airway obstruction. It is 
proposed to consist primarily of two major components, bronchos-
pasm and infl ammation. Bronchial smooth muscle is innervated by 
the vagus nerve (CNX) and vasovagal refl exes can cause broncho-
constriction. This may be the mechanism involved in the reported 
association between gastroesophageal refl ux and asthma (Kase, 
2009; Yoshida, 2009). In asthma, bronchial spasm and increased 
bronchial secretions can be caused by overactivity of the bronchial 
branches of the vagus nerve. Actions of the sympathetic nerves 
innervating the bronchi are diminished and the normal equilib-
rium with the vagus nerve is disturbed. On a cellular level, many 
changes can take place. The fi rst component is bronchospasm 
or hyperresponsive bronchial smooth muscle, which is mediated 
through b-adrenergic receptors and interlukin-13 that act directly 
on bronchial smooth muscle and epithelium to elicit hyperreactivity. 
The second component is the infl ammatory mechanism leading to 
edema of the airways. Two principal immune mechanisms linked 
to the infl ammatory process involve the T helper cells, of which 
secrete multiple cytokines and interleukins, and the hypersensitivity 
pathway as mediated by IgE produced by the B cells, which leads 
to activation and degranulation of mast cells, basophils, eosino-
phils, and other airway cells (Colice, 2004). This in turn leads to 
the well-known process of histamine release and the subsequent 
infl ammatory response.

Gross pathologic features consist of overinfl ation of the lung 
through a process known as “air trapping,” especially in individu-
als who expire in status asthmaticus. Other features are the mucus 
plugs, composed of mucus, serum proteins, infl ammatory cells and 
debris, occluding the medium and small-sized bronchi and bronchi-
oles. In fact, bronchiectasis has been described as a complication in 
15% to 20% of asthmatic patients. Microscopic pathologic features 
include both goblet cell hyperplasia and submucosal gland hyper-
trophy. One study reported that there may be up to a three-fold 
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increase of both goblet and mucin cells in asthmatic patients versus 
controls (Ordonez, 2001).

Repetitive episodes of infl ammation lead to a production of 
matrix proteins and growth factors that in turn can potentially 
cause airway remodeling. This may include the theory that frequent 
damage to the epithelium and subsequent repair also contribute 
to remodeling. It is also thought that remodeling, with increased 
muscle mass, mucosal edema and reduced elasticity, may lead to 
decreased effi cacy of bronchodilators (Barrios, 2006).

Although wheezing is a characteristic breath sound in asthma, it 
may not be heard in the most severe cases in which all breath sounds 
will be markedly reduced. In a patient with suspected asthma exac-
erbation, look for the following signs and symptoms when examin-
ing the patient: use of accessory muscles of respiration, posturing to 
enhance respiratory muscle mechanics, fl aring of the nostrils, a pro-
longed exhalation phase of breathing, increased heart rate, or acro-
cyanosis. In addition to the ausculated wheezes, this patient shows 
moderate accessory muscle use and a slightly increased heart rate.

Based upon this patient’s history and physical examination, she 
appears to have mild persistent asthma; her symptoms are report-
edly occurring greater than two times per week but she does not 
appear to have night-time symptoms. The guidelines for asthma 
management and prevention from the National Asthma Education 
and Prevention Program recommend pharmaceutical treatment 
specifi c for the severity of the asthma. According to these guide-
lines, this child is probably not receiving optimal medical therapy 
and her medication regiment should be adjusted. (Table 54.1.) 
There is evidence that chronic use of short-acting beta-2 agonists 
such as albuterol does not provide clinical benefi t and may in fact 
worsen symptoms in patients with mild asthma. Short-acting 
beta-2 agonists should be reserved for rescue therapy during symp-
tom exacerbation rather than regular control (Walters, 2003). Cor-
ticosteroids are effective in controlling asthma in children although 
there is some evidence that chronic inhaled corticosteroid use may 
impair growth rate (Pauwels, 2003; Sharek, 1999).

OSTEOPATHIC PATIENT MANAGEMENT

Biomechanical Model

There are key anatomic considerations (Allen and D’Alonzo, 
1993) when utilizing osteopathic manipulative treatment (OMT) 
in asthmatic patients (Box 54.1). Depending upon the degree of 
accessory muscle involvement needed during labored breathing, 
the muscles engaged in respiration can extend from the cranial 
base to the pelvis. The thoracic cage is the center of all this activity. 
It houses some of the most important organs in the human body, 
namely, the heart, lungs, and great vessels. The thorax is one of the 
most intricate and dynamic regions of the body, with an orches-
trated movement of over 146 joints (Kuchera and Kuchera, 1994; 
Moore and Dally, 1999).

T A B L E  5 4 . 1

Asthma Management Recommendations National Asthma Education and Prevention Program

<5 Years Age >5 Years Age

Mild intermittent asthma: 2 or less 
days per week and 2 or less nights 
per month

Treat as needed only, not daily Treat as needed only

Mild-persistent asthma: for >2 d/wk 
but less than once daily, and 
>2 nights per month

Daily low-dose inhaled corticosteroid, 
OR cromolyn or leukotriene receptor 
antagonist

Daily low-dose inhaled 
corticosteroid, OR nedocrmil and 
sustained release theophylline.

Moderate-persistent asthma: daily 
and 1 night per week

<5 years age; low-dose inhaled 
corticosteroid + long-acting inhaled 
beta-2 agonist; OR medium-dose 
inhaled corticosteroid only; 
medium-dose inhaled corticosteroid + 
long-acting inhaled beta-2 agonist in 
recurring severe exacerbations

>5 years: low-to-medium-dose 
inhaled corticosteroid + long-
acting inhaled beta-2 agonist; 
increase corticosteroid and add 
long-acting inhaled beta-2 agonist 
in recurring severe exacerbations

Severe-persistent asthma: continuous 
or repeatedly during the day and 
frequent at night

High-dose inhaled corticosteroid + 
long-acting inhaled beta-2 agonist; 
oral corticosteroid PRN

High-dose inhaled corticosteroid +
long-acting inhaled beta-2 
agonist; oral corticosteroid PRN

Source: Adopted from Key clinical activities for quality asthma care: recommendations of the National Asthma Education and Prevention 
Program. MMWR Recomm Rep 2003;52(RR-6):1–8.

Factors That Affect Breathing Difficulties
From an osteopathic perspective, the following areas may 
contribute to or exacerbate the patient’s breathing difficulties.

1. Upper thoracic vertebrae, ribs, sternum
2.  T1-6 because of sympathetic innervation to the lungs
3.  Occipitoatlantal junction and the course of the vagus nerve 

that supplies parasympathetic input to the pulmonary tree
4. Accessory muscles of respiration
5. Anterior cervical fascia
6.  Thoracic diaphragm (The diaphragm is enervated by the 

phrenic nerve from the cervical plexus (C3-5), and its 
mobility is influenced by the lower six ribs, L1-2 and the 
sternum.)

7.  Chapman’s reflexes for the lungs, sinuses, and adrenal 
glands

8. The cranial-sacral mechanism
9. T10-L2 and the lower ribs
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Breathing is the only subconscious vital function that can be 
raised to a conscious level. Proper breathing helps the nervous 
system relax, while shallow, spasmodic breathing signals alarm. In 
the older child, breathing exercises may help strengthen peripheral 
and accessory muscles that aid breathing. Since asthma is an air-
trapping disease, exercises that facilitate exhalation may be useful. 
In older children yoga, tai chi, and noncontact martial arts that 
integrate breathing with movement can be fun and health promot-
ing. Exercise has been shown to improve breathing function.

RESPIRATORY-CIRCULATORY MODEL

The primary muscle of respiration is the diaphragm. With the 
average respiratory rate between 10 to 18 breaths/min, the dia-
phragm will move approximately 14,400 times in a day. The role of 
the diaphragm goes beyond mere movement as it is intimately con-
nected to the cardiac and pulmonary pleura above and the hepatic 
and gastric pleura below. The movement of the diaphragm not only 
changes the intrathoracic and intra-abdominal pressures but also 
alters the circulation and lymphatic fl ow in these respective cavi-
ties (Moore and Dalley, 1999). Fluid movement through the vena 
caval system is dependent upon effective diaphragmatic excursion. 
Lymphatic fl uids and deoxygenated blood reenter the cardiac sys-
tem through the pressure changes generated by the diaphragm and 
respiratory muscles. Extravascular fl uids in the abdominal compart-
ment are absorbed by lymphatic lacunae situated on the abdominal 
surface of the diaphragm in response to mechanical changes in the 
diaphragmatic fascia (Schmid-Schonbein, 1990; Shinohara et al., 
2003). To some extent, the removal of cellular waste products, the 
maintenance of tissue pH, and the reentry of fl uids into the circula-
tory cycle are infl uenced by diaphragmatic function.

Neurologic Model

An important consideration in children with asthma is the perpetu-
ally dynamic interplay between the autonomic (sympathetic and 
parasympathetic) nervous system. The sympathetic nerve fi bers of the 
lungs arise from the sympathetic chain ganglion at the level of  T1-6. 

The child with asthma suffers from an obstructive respira-
tory disease. The amount of effort needed to maintain normal air 
movement through the bronchioles is increased, as is the work of 
breathing. This can have signifi cant consequences in the pediatric 
population. First, infants are at risk for muscle fatigue and respira-
tory failure due to immaturity of acetylcholinesterase and increased 
contraction and relaxation times of muscles (Panitch, 1993). There is 
also evidence that the immature innervation patterns in respiratory 
muscles of children more than 3 years old result in uncoordinated 
and random contraction sequences that become exacerbated during 
times of increased demand (Haddad and Perez Fontain, 1996).

Second, when compared with adults, the mechanical effective-
ness of the diaphragm and rib cage is compromised in children less 
than ten years old. This is because the rib cage is more fl exible and 
laterally splayed, and the dome of the diaphragm is fl atter than in 
an adult (Figs. 54.1 and 54.2). As a result, diaphragm excursion 
is shallower, intrathoracic respiratory pressures are less negative, 
and there is less tissue recoil during exhalation (Oppenshaw et al., 
1984). During times of increased demand, children will compen-
sate by increasing the rate and decreasing the depth of respiration.

In all children, the increased workload of breathing increases 
oxygen demand and cellular waste production, which alter pH and 
change the cellular milieu. This may be a contributing stress on the 
cardiopulmonary system. Optimizing mechanical function of the 
structures involved with breathing may help to decrease the overall 
workload placed on the child’s cardiopulmonary system.

Figure 54-2 Schematic diagram comparing zone of apposition in 
the infant with that of the adult. The fl attened diaphragm and wid-
ened thoracic cage contribute to the decreased zone.

Figure 54-1 Dissection of term infant, 
right lateral view. The ribs 1 through 9 
have been removed as has the right lat-
eral abdominal wall to reveal the dome 
of the diaphragm draping the superior 
surface of the liver. The zone of apposi-
tion lies between the dome of the dia-
phragm and its inferior attachment and 
represents the length of inferior excur-
sion possible during inhalation. (Used 
with permission from Willard & Carreiro 
Collection.)

Chila_Chap54.indd   886Chila_Chap54.indd   886 8/4/2010   7:50:49 PM8/4/2010   7:50:49 PM



 54 • UNCONTROLLED ASTHMA 887

structure. It is important to avoid processed, devitalized food. Many 
food colorings, sulfi tes, preservatives, and other food modifi ers cause 
asthma and allergic reactions. For instance, “modifi ed wheat starch,” 
a thickener used in many processed foods, is “modifi ed” by six differ-
ent chemicals all of which can trigger asthma and allergic reactions 
in susceptible individuals. Empirically, some physicians fi nd that 
asthmatic children benefi t from the avoidance of foods such as milk, 
ice cream, excess cheese and processed fl our, sugar, and corn syrup 
sweeteners. There is some evidence that asthmatics are more likely 
to have antioxidant imbalances (Nadeem et al., 2008), so adequate 
vitamin C with biofl avonoid and a B vitamins may be benefi cial. 
Intravenous magnesium has been shown to have a positive effect 
on respiratory function and hospital stays in children with asthma 
(Mohammad and Goodacre, 2007). Patients with asthma with a 
high dietary intake of magnesium have better lung function and a 
reduction in wheezing (Bede et al., 2008). Encouraging breastfeed-
ing exclusively in the fi rst 3 months of life decreases the incidence of 
developing reactive airway disease (Scholtens et al., 2009).

Although inhaled corticosteroids are far safer than systemic 
steroids, some of the inhaled steroid is swallowed and passes 
through the gastrointestinal (GI) tract. Esophageal candidiasis is 
most commonly reported (Aun, 2009; Nielsen, 2007), but swal-
lowed steroids may also adversely affect the normal fl ora of the 
intestine. Some physicians believe these types of medications can 
play a role in “leaky gut” syndrome, which in turn may contribute 
to allergic issues that are already present.

Patient Outcome
OMT may provide some benefi t to an asthmatic patient. First, 
by using myofascial release and balanced ligamentous tension to 
address thoracic cage and diaphragm impediments, one can restore 
optimal diaphragmatic motion for that patient. Rib raising tech-
niques may help to mobilize the thoracic cage as well as stimulate 
the sympathetic chain ganglion and alter sympathetic outfl ow to 
the visceral organs. Soft tissue techniques such as paraspinal inhi-
bition of the cervical region and a suboccipital release may infl u-
ence parasympathetic input to the lungs. Osteopathy in the cranial 
fi eld may be effective in patients who have suffered a hard fall with 
mechanical injuries to the head or sacrum that have triggered an 
asthma attack (Centers et al., 2003). The goal of using OMT in 
the treatment of a child with asthma is to optimize the dynamic 
balance between parasympathetic and sympathetic input to the 
pulmonary system, remove mechanical restrictions that adversely 
affect respiratory mechanics, decrease the workload of breathing, 
and facilitate the child’s ability to function normally.

SUMMARY

Given its multifactorial nature, asthma is diffi cult to treat and 
requires a comprehensive evaluation on the part of the clinician. 
A multifaceted approach, including diet, allergen prevention, med-
ication, and alternative modalities such as OMT, may work syn-
ergistically to control the symptoms of an asthmatic patient and 
potentially modify the severity (Hondras et al., 2006; NAEPP, 1997; 
NIH, 2005; Rowane and Rowane, 1999). In a randomized controlled 
trial, Guiney et al. (2005) reported a statistically signifi cant improve-
ment in peak expiratory fl ow measures in asthmatic children after 
treatment with OMT. Bockenhauer et al. (2002) compared OMT 
to sham treatment in a pilot study of adults with chronic asthma 
using a crossover design. Upper thoracic and lower thoracic forced 
respiratory excursion was statistically increased after osteopathic 
manipulative procedures compared with sham procedures although 
there were no signifi cant changes in peak expiratory fl ow rates. 

The parasympathetic fi bers travel within the vagus nerve as it exits the 
jugular foramen of the cranial vault and makes its way down the cervi-
cal region and through the thoracic inlet where it then splays onto the 
lungs. Smooth muscle fi bers traveling from the intrapulmonary bron-
chial tree to the alveolar duct are innervated by sympathetic, parasym-
pathetic, and primary afferent fi bers. Parasympathetic input maintains 
dynamic tone during quiet breathing. Changes in autonomic activity 
or infl ammation will alter the tone of the smooth muscle.

Somatovisceral refl exes associated with asthma have been found 
in the paraspinal muscles between T1 and T6 in adults (Beal and 
Morlock, 1984). The osteopathic physician may attempt to infl u-
ence sympathetic activity by treating the upper thoracic area, and 
parasympathetic activity by addressing somatic dysfunction in the 
cervical region, including the craniocervical junction and cranial 
base. Dr. A.T. Still reportedly had great success relieving asthma and 
hay fever. He attributed his success to correcting spinal somatic dys-
functions, especially of the third and fourth thoracic vertebrae, that 
may represent a viscera-somatic refl ex as well as being two of the spi-
nal segments, which provide sympathetic innervation to the lungs.

Many authors have described the role of afferent drive on 
the neuroendocrime immune system and infl ammatory diseases 
(Ganong, 1988; Gold and Goodwin, 1988; Ricci, 1989; Seeman 
et al., 1997; Willard et al., 1997). Arguably, somatic dysfunction 
increases afferent drive. Asthma, which has a strong infl ammatory 
component, appears to be exacerbated by stress, endocrine changes, 
and immunity The bronchodilators, corticosteroids, and anticho-
linergics used to treat asthma do so by infl uencing neuronal control 
and infl ammatory mechanisms in the lower airways. Medications 
such as leukotriene inhibitors and mast cell stabilizers are used to 
control related allergy symptoms. OMT used in conjunction with 
these medications may help to reduce the necessary dosage of med-
ication required to control symptoms.

Behavioral Model

Focusing on the patient as a “whole” is a simplifi ed view of the prin-
ciples and philosophy of osteopathic medicine. Still M.D., D.O., 
founded osteopathic medicine in 1874 and during this time estab-
lished the tenets of the body’s own inherent capacity for health and 
well being, the importance and interrelationship between structure 
and function, the removal of impediments to the optimal fl ow of the 
body’s fl uids and nerve function, and the concept that the body is an 
integrated unit (Seffi nger, 2003). To achieve this, one must look at 
a patient collectively and evaluate their physical, mental, emotional, 
and spiritual state. Additionally, in today’s world, the clinician must 
also consider psychosocioeconomic implications that patients face. 
In fact, numerous studies have mentioned the signifi cant impact 
of emotional triggers and poor outcomes in asthmatic individuals 
with inadequate support systems and insuffi cient self-care. Two sys-
temic reviews reported improvements in some asthma parameters 
after self-management education and family therapy (Panton and 
Barley, 2005; Wolf et al., 2002). The national and global diffi culty 
in providing accessible health care for impoverished patients is a 
concern of all health care providers. Even if patients were able to 
receive the necessary medications, their response to these medica-
tions is dependent on multifactorial elements ranging from genetics 
to the environment. In short, one has to approach the patient as an 
individual and treat the person, not the disease.

Metabolic Energy Model

The importance of a fresh, whole food diet cannot be overempha-
sized. Just as structure is foundational, so is the food that builds our 
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Adult with Chronic
Cardiovascular Disease
BRIAN KAUFMAN

55
K E Y  C O N C E P T S

■ Heart failure is a clinical syndrome characterized by fluid overload.
■ Fatigue and dyspnea are characteristic symptoms of heart failure.
■ Heart failure can be both acute and chronic.
■ Patients with both acute and chronic heart failure exhibit changes in the musculoskeletal system.
■ These musculoskeletal changes can be divided into five distinct pathophysiologic models, which provide an osteo-

pathic interpretation of heart failure.
■ The osteopathic physician can utilize these models to plan a rationale for treatment of patients with heart failure 

that includes both pharmacologic and osteopathic manipulation.
■ There are biologic and physiologic data to support this approach.

Allergies:
No known drug allergies. ACE inhibitor caused cough.

Medications:
Carvedilol: 12.5 mg twice daily. Valsartan: 320 mg daily. 
Aspirin: 81 mg daily. Furosemide: 40 mg daily. Amlodipine: 
10 mg daily. Atorvastatin: 10 mg daily. Calcium: 600 mg and 
Vitamin: D 600 IU taken twice daily. Metformin: 1,000 mg 
twice daily.

Social History:
Patient is a retired schoolteacher. Patient lives alone in an 
assisted living complex. Patient’s husband is recently deceased. 
Patient has two grown children nearby who are active in her 
life.

Family History:
Father deceased at age 57 of MI. Mother deceased at age 80 of 
old age. Two siblings with cardiac disease. No family history of 
diabetes, cancer, or blood disorders.

REVIEW OF SYSTEMS
General:
No constitutional symptoms of fever, chills, night sweats. 
Admits to fatigue and approximately 12-lb weight gain over 
the last 2 weeks.

Head:
Denies headache.

Eyes:
Denies diplopia, change in vision, eye pain.

ENT:
Denies change in hearing, earache or tinnitus. No sinus tender-
ness or nasal discharge. No voice changes, hoarseness, or sore 
throat.

Neck:
No neck stiffness, tenderness, swelling, or masses.

CASE VIGNETTE

CHIEF COMPLAINT
A 79-year-old female comes to the office complaining of 
shortness of breath and worsening fatigue for 1 week.

History of Present Illness:
W.S. has a complicated medical history, which is significant 
for known coronary artery disease (CAD), ischemic cardiomyo-
pathy with an ejection fraction of 45%, previous episodes of 
congestive heart failure (CHF), hypertension, hypercholester-
olemia, diabetes mellitus (DM) type 2, and osteoporosis.

The patient reports that over the last week she’s had 
increasing fatigue and worsening shortness of breath from 
some baseline symptoms which have exacerbated in the last 
24 hours and she is now having shortness of breath at rest. 
The patient reports a nonproductive cough and wheezing and 
has noticed increased lower extremity swelling over the past 
week. She reports that last night she slept in a recliner in order 
to breath and experienced episodes of chest pressure last night 
which improved transiently with nitroglycerin.

Prior to this recent episode, the patient has been feeling 
depressed due the recent loss of her husband. The patient also 
admits that she has recently been eating some very salty foods 
and also admits that she has recently missed some dosages of 
her medications.

Past Medical History:
CAD diagnosed in 1998 after non-ST elevation myocardial 
infarction (MI). Mild mitral regurgitation and mild aortic 
stenosis by echocardiogram (ECHO) done last year. Ejection 
fraction 45% with moderate diastolic dysfunction. CHF. DM 
type 2. Hyperlipidemia.

Past Surgical History:
Appendectomy in 1960. Total abdominal hysterectomy with 
bilateral Salpingo oopherectomy in 1980. Coronary artery 
bypass graft (CABG) in 1998 with left leg vein harvesting. Left 
knee arthroscopy in 2002.
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Cardiovascular:
Admits to chest pressure, shortness of breath, and dyspnea on 
exertion. Three pillow orthopnea. Denies palpitations.

Respiratory:
Admits to nonproductive cough and wheeze. Denies hemopty-
sis or pleuritic chest pain.

GI:
Admits to decreased appetite, some abdominal fullness. Denies 
heartburn, abdominal pain, nausea, vomiting, diarrhea, rectal 
bleeding, change in bowel habits. No change in stool color or 
caliber.

GU:
No dysuria, polyuria, urinary retention or incontinence. No 
increased frequency. No blood in urine.

CNS:
No disturbance of smell, dizziness, vertigo, weakness, convul-
sions, gait disturbance, or involuntary movement.

Extremity:
Admits to recent worsening lower extremity swelling. Denies 
cyanosis.

Vascular:
No history of claudication but recent complaints of exertional 
leg pains.

Integument:
No rashes, change in moles, pigmentation, or pruritus noted 
by the patient.

Endocrine:
No increased hunger, thirst, urination. No hot or cold 
intolerance.

Hematology:
No history of bleeding or clotting disorders. No active bleeding.

Musculoskeletal:
No significant joint pains, muscle aches, deformities.

Psychiatric:
No mood swings or crying spells, No changes in sleep, person-
ality or memory, No suicidal or homicidal ideation.

PHYSICAL EXAM
Vital Signs:
Temp: 99°F, BP: 150/88 in right arm, pulse: 104 bpm, RR: 22 
and shallow. Height: 63 in, Weight: 149 lb.

General:
Patient was alert, attentive, and oriented. She appeared 
extremely deconditioned.

Head:
Normocephalic and atraumatic.

Eyes:
PERRLA, EOMI, sclera was anicteric, and no xanthelasma 
was appreciated.

ENT:
Bilateral tympanic membranes were normal. Pharynx was clear 
without erythema or exudate.

Neck:
Neck was supple, trachea was midline, no carotid bruit 
was appreciated, and neck veins were slightly distended at 
45 degrees.

Cardiovascular:
Faint S1 and prominent S2, rhythm was regular, rate was 104, 
2/6 systolic ejection murmur at the RUSB without radiation is 
appreciated, S3 gallop is appreciated.

Pulmonary:
Decreased air entry bilaterally with normal quality of breath 
sounds and bilateral crackles midway up lower lung fields and 
wheezes throughout.

Abdomen:
Abdomen slightly distended but soft, nontender, without guard-
ing or rigidity. Positive Hepatojugular reflux was elicited.

Extremities:
Extremities revealed muscle atrophy and 2 + pitting edema on 
right, 3+ on left. Bilateral cyanotic appearing feet

Osteopathic/Musculoskeletal:
Cranial:
OA Extended rotated left and sidebent right. Suboccipital tis-
sues were boggy.

Cervical:
C2 is rotated right, C5 is extended rotated and sidebent to 
the left.

Thoracic:
Increased kyphosis. T1is in a neutral position rotated to the 
right and sidebent to the left, T3 and T4 are both extended, 
rotated and sidebent to the left. Skin was warm and boggy, yet 
with a ropey texture underneath in this region. T12 is flexed, 
rotated, and sidebent to the right. Sternum inferiorly distracted. 
Decreased diaphragmatic excursion bilaterally.

Ribs:
Bilateral ribs 10 to 12 have an inhalation dysfunction.

Lumbar:
Psoas hypertonicity on right. Slightly increased lumbar lordo-
sis. Sacrum: Increased nutation

Pelvis:
Right anteriorly rotated innominate.

UE:
left elevated clavicle, internally rotated humerus.

LE:
Right internally rotated femur. Right femoral triangle congestion. 
Left externally rotated femur with femoral triangle congestion.

DIFFERENTIAL DIAGNOSIS
W.S. is a 79-year-old patient with multiple chronic medical 
problems presenting with acute or chronic dyspnea, cough, 
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Ultimately making an accurate diagnosis is a combination 
of pattern recognition, test results, and clinical judgment.

In this case, the following laboratory and diagnostic test 
results were obtained:

Na±: 130 mmol/L
K±: 3.0 mmol/L
Bun/Cr: 66/2.4mg/dL
Magnesium: 1.9 mg/dL
Troponin: I 1.5 ng/mL
BNP: 10,000 pg/mL
AST/ALT: 90/120u/L
TSH: 1.25 mlU/L
UA: specifi c gravity of 1.030, PH of 5.5, no cells or casts seen.
Oxygen saturation: 87% on room air
EKG: Sinus rhythm at 105 bpm. Left bundle branch block 

pattern. No changes compared with previous EKG from 
1 year ago

CXR: Cardiomegaly noted. Cephalization of vessels noted. 
Bilateral infi ltrates. Small bilateral pleural effusions

ECHO: Ejection fraction 45%. Moderate diastolic dysfunc-
tion. No critical valvular disease

Impedance cardiogram: Increased thoracic fl uid content. 
Decreased cardiac index. Increased systemic vascular 
resistance

In summary, we have a 79-year-old female with previous his-
tory of CAD, ischemic heart disease with ischemic cardio-
myopathy, moderate diastolic dysfunction, previous episodes 
of CHF who complains of progressive dyspnea, fatigue, chest 
pressure, increased nitrate use, and a recent history of dietary 
indiscretion and depression.

Physical examination revealed findings consistent with 
CHF exacerbation, including:

■ Past medical history—CAD, CHF, ischemic cardiomyopa-
thy, and diastolic dysfunction

■ Review of systems—progressive dyspnea, fatigue, chest pres-
sure, increased nitrate use, dietary indiscretion, and depression

■ Physical exam—tachypnea, shallow breathing, increased jugular 
venous distension, S3 gallop, pulmonary crackles and wheezes, 

wheezing, lower extremity edema, and worsening fatigue. She 
also admits to several episodes of chest pressure. Although this 
is a complicated case, the patient’s complaints can be categorized 
into those that are potentially life threatening and those related 
to her chronic disease. This constellation of symptoms sug-
gests the following possible diagnoses: exacerbation of CHF, 
first episode of exacerbation of chronic obstructive pulmonary 
disease, acute bronchitis with exacerbation of chronic CHF, 
pneumonia, and acute ischemic heart disease.

To help narrow our differential and arrive at an accurate 
diagnosis, it is reasonable to check basic laboratory studies. The 
American College of Cardiology/American Heart Association 
College of Cardiology guidelines for initial evaluation of heart 
failure (Box 55.1) recommend a thorough history and physi-
cal examination, including assessment of volume status (Hunt, 
2005). Recommended labs include complete blood count 
(CBC), chemistry profile including calcium and magnesium, 
lipid profile, liver function test (LFT), thyroid-stimulating 
hormone (TSH), and urinalysis (UA). Other tests include car-
diac enzymes to evaluate cardiac ischemia, and a beta naturetic 
peptide (BNP) level to corroborate suspicions of CHF. Liver 
function studies (LFT) should be considered in this patient, 
given her abdominal complaints.

In terms of diagnostic imaging and functional testing, 
a hemoglobin oxygen saturation level is used to evaluate the 
patient’s oxygenation status and if this is abnormal, arterial blood 
gas (ABG) analysis is a reasonable next step. An electrocardio-
gram (EKG) is included to evaluate for acute changes consistent 
with cardiac ischemia. If possible, the EKG should be compared 
with a previous EKG to evaluate for changes. A chest x-ray 
(CXR) (Fig. 55.1) can provide evidence of lung infiltrates or 
findings suggestive of CHF such as vascular prominence, Kerley 
B lines, bilateral alveolar infiltrates, or bilateral pleural effusions.

Once we have decided on the most likely diagnosis, cor-
roborative tests that are not in the current ACC/AHA guide-
lines may be used to confirm it such as impedance cardiography, 
which can be used to evaluate increased thoracic fluid in CHF. 
The ACC/AHA guidelines do recommend an ECHO to assess 
left ventricular (LV) function and look for the presence of criti-
cal valvular disease.

Figure 55-1 Typical heart failure CXR.

The American College of Cardiology/
American Heart Association College 
of Cardiology Guidelines for Initial 
Evaluation of Heart Failure
• History and physical
• CBC
• Chemistry profile
• Calcium
• Magnesium
• Lipid profile
• LFT
• TSH
• UA
• Cardiac enzymes and BNP
• Oxygen saturation level and ABG if needed
• EKG
• CXR
• ECHO, if indicated
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account for the renal findings, there is sufficient evidence that 
these factors are all prerenal and would act to reduce renal 
blood flows. The rise in serum creatinine indicates a decrease 
in glomerular filtration rate. (2). Hyponatremia, renal failure, 
increased specific gravity in UA, and elevated BNP in a patient 
who appears to be clinically volume overloaded helps support 
the diagnosis of heart failure. The diagnosis is further supported 
by the patient’s CXR and echocardiographic findings both of 
which are consistent with the cardiomyopathy and impedance 
cardiography results.

HOSPITAL COURSE
The patient was admitted to the hospital and placed on a 
telemetry unit. The Heart Failure Society of America and the 
European Society of Cardiology have published guidelines on 
managing acute decompensated heart failure as well as other 
topics related to heart failure management (3,4). Our patient 
was started on nitrates to decrease preload and help decrease 
pulmonary pressures. Intravenous diuretic treatment was insti-
tuted to remove fluid from this patient. We used supplemental 
oxygen, which was effective at raising oxygen saturation lev-
els. If this had not helped, we could have used noninvasive 
ventilation methods (CPAP and BiPAP), which is sometimes 
useful in heart failure exacerbations (5). The patient under-
went musculoskeletal and osteopathic evaluation. Osteopathic 
diagnosis and treatment was instituted as an adjunct to medi-
cal treatment (6). Patient underwent serial cardiac enzyme 
testing, which showed a trend of decreasing enzyme levels. 
Fluid inputs and outputs were tracked and patient underwent 
daily weight testing. Patient had an excellent diuresis and over 
the course of 3 days she lost 5 lb of weight. Patient showed 
good improvement in oxygen levels and symptoms. She was 
able to be removed from supplemental oxygen. Because of 
patient’s renal failure, her angiotensin receptor blocker was 
held. Additionally, because of renal failure, her metformin 
was also held during her hospitalization (7). Over the next 3 
days, patient had normalization of her renal function, sodium 
level, and the remainder of her electrolytes. Serial electrocar-
diograms showed no changes. W.S. underwent repeat ECHO 
and results were obtained as earlier (8). The patient was even-
tually restarted on her regular medications. In addition, she 
received counseling from social work while in the hospital and 
was started on an antidepressant. This patient was discharged 
to her home at the assisted living with outpatient follow up 
arranged with her primary care physician. Visiting nurse was 
arranged to monitor patient at home and do serial weight and 
vital sign checks (9,10). The patient was referred to a super-
vised cardiac rehabilitation center to begin a comprehensive 
rehabilitation course (8). As an outpatient, W.S. continued to 
receive osteopathic evaluation and manipulative treatment as 
an adjunct to her medical management.

positive hepatojugular refl ex, LE edema, somatic dysfunction 
at T3/4, decreased diaphragmatic excursion and thoracic com-
pliance, hyperkyphosis, and femoral triangle congestion

These findings are consistent with the increased respiratory rate 
and shallow breathing. There was jugular vein distension which 
is evidence of right heart failure. There was an S3 gallop present 
on cardiac exam, and crackles and wheezes appreciated on pul-
monary exam. Abdomen revealed some minimal distension but 
more significant was the positive hepatojugular reflux which is 
consistent with right heart failure. There was significant lower 
extremity edema which is also consistent with heart failure 
although could also be a side effect of Amlodipine (1).

There are no musculoskeletal findings specific to heart 
failure; however, this patient had somatic dysfunctions that 
have been associated with cardiovascular disease (108,109,110) 
such as the changes at occipital atlantal joint, C2, and the tho-
racic area (warm, boggy region at T3/4 region). Additionally, 
the changes in thoracic compliance, decreased diaphragmatic 
excursion, changes at the lumbar, sacrum, and pelvis while not 
specific for either heart disease or cardiac disease are common 
in patients with pulmonary and cardiovascular disease and 
could have been impacting W.S.’s presentation. Congestion in 
the femoral triangle could be seen in any condition of increased 
lower extremity edema as is this case.

Our patient’s troponin and BNP are both elevated, which 
is evidence of acute cardiac ischemia. This is consistent with the 
patient’s complaints of chest pressure that responded to nitrate 
use. It should be noted, however, that often in cases such as this, 
it may initially be unclear whether an acute ischemic event has 
triggered an exacerbation of heart failure or an exacerbation of 
heart failure has triggered acute cardiac ischemia. Furthermore, 
this patient has significantly decreased renal function and the 
elevated troponin level may a decrease in clearance of troponins 
from the blood, rather than cardiac ischemia.

The hyponatremia (sodium 130) seen in this patient may 
be from diuretic use, pulmonary pathology, or pain. It could 
also result from increased ADH secretion and the absorption 
of free water (2). Her UA showed a specific gravity of 1.030, 
which indicates increased ADH secretion. This could be from 
intravascular depletion (dehydration) or decreased effective cir-
culating volume (fluid overload states). Given the other pre-
senting complaints, historical features, physical examination 
findings, laboratory and radiological features of this case the 
latter scenario is more likely.

This patient has renal failure. This patient’s baseline crea-
tinine was 1.1 and baseline creatinine clearance was approxi-
mately 45 mL/min. When she arrived at the hospital, her 
creatinine clearance had decreased to approximately 20 mL/min. 
Although this is a complicated topic on its own, we can explain 
this by a combination of factors.

In heart failure, there is a decrease in effective circulating 
volume. This is due to decreased cardiac output. This causes 
a decrease in renal blood flow. In addition, this patient is on 
a diuretic agent (furosemide) which may have contributed to 
intravascular depletion and decreased renal blood flow. She is 
also taking an Angiotensin 2 receptor blocker. Angiotensin 2 
constricts the efferent arteriole in the kidney and acts to increase 
filtration by raising intraglomerular pressure. Angiotensin 2 
receptor blockers remove the ability to constrict the efferent 
arteriole and effectively reduce intraglomerular pressure and 
glomerular filtration. Although there may be other factors to 

OSTEOPATHIC PATIENT MANAGEMENT

The case described above is primarily a case on CHF, but the 
principles that underlie the models of musculoskeletal medicine can 
apply to many different cardiovascular patients. For the purposes 
of illustration and brevity, we will focus on this patient and the 
topic of heart failure for the remainder of the chapter. This is not 
meant to be an in-depth discussion and review of the topic of heart 
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increased LV work and oxygen usage. There is a cascade of events 
which result in biochemical and other biophysical changes in the 
myocardium (16).

The venous and lymphatic systems are low pressure systems 
and as such are much more susceptible to structural changes (17). 
The venous system is assisted by muscular contractions to assist in 
the return blood from the periphery into the abdomen. Once in the 
abdomen, diaphragmatic contractions and pressure differentials 
created by diaphragmatic contractions help return venous blood to 
the right atrium where it is then propelled by cardiac contraction 
to the lungs (18).

The lymphatic system is also a low pressure system and depends 
on several factors for return into the systemic circulation. The lym-
phatics have an intrinsic contraction that occurs at a rate of approx-
imately every 6 seconds (19). The walls of the lymphatic vessels 
are anchored fi rmly by fi laments (19). Motion of the extremity or 
structural deformity of the vessel will create pressure changes in 
the lymph vessel and help draw extravascular proteins and fl uids 
into the lymphatic system and help propulsion. Muscular contrac-
tion also assists in propulsion away from the extremities. Valves 

failure for there are many excellent articles and texts which cover 
this topic, but the purpose of this chapter is to view this topic 
through the osteopathic lens. The attempt was to focus in on those 
aspects of heart failure which relate to musculoskeletal medicine 
and the osteopathic perspective.

The fi ve pathophysiologic models for musculoskeletal medi-
cine are as follows:

1. Biomechanical model
2. Respiratory—circulatory model
3. Neurologic model
4. Metabolic—energy model
5. Behavioral model

Throughout the remainder of this chapter, we will look at the 
principles illustrated by this case in each of these pathophysi-
ologic models. By understanding these principles, we can not only 
understand the role of musculoskeletal medicine in this patient but 
also construct a rationale for the role of osteopathic treatment to 
assist in the restoration of homeostasis in this and other patients 
with cardiovascular disease. At all times, attempts will be made 
to cite biological, physiologic, pathophysiologic, and clinical data 
to support an osteopathic approach; however, it should be noted 
that there are few randomized clinical trials that have examined 
this subject and fewer that meet the rigor of the current practices 
of evidenced based medicine. Because of this, most times we must 
rely on biological and pathophysiologic plausibility to support our 
approach.

BIOMECHANICAL MODEL

When there is a change in structure, functional changes follow. 
This is one of the basic osteopathic tenets. Structural changes can 
lead to changes in physiology and lead to pathology (11).

The heart and associated vascular system are essential for life. 
The heart is a muscular structure that resides in the mediastinum. 
It is encased in the pericardium that is anchored to the thoracic 
diaphragm below and that blends and encases the great vessels 
above. The left ventricle pumps blood into the systemic circula-
tion via the aorta, which in turn transmits blood into branching 
vessels. The arterial system accepts blood via the aorta and dis-
tributes it throughout the body (Fig. 55.2). The circulatory system 
provides nourishment and oxygen for the cells and via the venous 
system provides a waste removal and blood return system (12). The 
structural model would view those elements that provide support 
and stability to our system. Structural elements are those of bone, 
muscle, fascia, and all connective tissues. Alterations in these can 
affect cardiovascular function. An extreme example is the effect of 
a pronounced kyphoscoliosis on cardiopulmonary function (13). 
Less obvious examples are the effect of small alterations in pos-
ture affecting the effi ciency of the body’s ability to regulate venous 
return to the heart and lymphatic fl ow to return into the systemic 
circulation (14). Yet another example is the development of com-
partment syndrome in an extremity after a trauma (15).

The heart undergoes remodeling and structural changes after 
MI and heart failure. These occur through neurohumoral activation 
as well as other processes. Besides the biochemical and biological 
changes that occur, there are structural alterations in the geometry 
and architecture that are deleterious. Dilation of the LV, thinning 
of its wall, change in shape of the left ventricle from an ellipti-
cal to a more spherical shape, and mitral valve incompetence can 
all occur. These changes create mechanical factors which worsen 
function. The change to a more spherical confi guration creates 
an increase in end diastolic wall stress and dilation will result in 

Head and arms

Lungs

Kidneys

Liver

Trunk and legs

CO2 O2

Aorta

Inferior
vena cava

Superior
vena cava

Carotid artery
(also subclavian
artery to arms)

Jugular vein
(also subclavian
vein from arms)

CO2

O2

Heart

Hepatic
portal vein

Hepatic
vein

Renal
vein

Renal
artery

Iliac arteryIliac vein

Figure 55-2 Schematic diagram of heart and vascular system and 
pressure changes with portal circulation.
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894 IV • APPROACH TO OSTEOPATHIC PATIENT MANAGEMENT

throughout the body. From a microscopic view, we can focus on 
the exchange of oxygen and nutrients and removal of metabolic 
waste products at a cellular level. There are many scenarios where 
macrocirculation appears intact, yet at the microscopic level the 
needs of the end tissues and cells are not met (29). If there is 
inadequate end tissue oxygen levels, the cells shift from aero-
bic to anaerobic metabolism (30). This causes the production of 
lactic acid. If there is inadequate drainage from these regions, 
there is accumulation of lactic acid. In some cases this is a local 
phenomenon, but in severe cases can be systemic. These severe 
cases can occur in heart failure, acute cardiac ischemia as well as 
other pathophysiologic states such as sepsis (31). Proper tissue 
functioning depends on adequate supply and removal. As already 
stated, effi cient venous and lymphatic drainage from the extremi-
ties requires musculoskeletal assistance. Muscle tone, immobility, 
and fascial relationships infl uence this. Neurologic tone infl uences 
vascular smooth muscle diameter which infl uences both arterial 
infl ow and venous and lymphatic outfl ow from tissues. Increased 
sympathetic tone raises blood pressure which can promote move-
ment of fl uids into the third spaces and inhibits drainage. It can 
also increase heart rate, contractility, and respiratory rate, which 
is an adaptive response to restore homeostasis by providing more 
fl ow through the system.

Thoracic cage mechanics and diaphragmatic action is impor-
tant in moving lymph and venous blood from the abdomen and 
thorax back into circulation (18). The thoracic diaphragm acts as 
the “heart” of the lymphatic and venous system and as such con-
tributes to preload. It anchors the heart within the pericardium 
and fl attens the spinal curves with each contraction. Estimating 
12 breaths per minute yields 17,280 breaths per day. Each healthy 
diaphragmatic contraction causes a profound change in pressure 
differentials in our bodies. This contributes to preload, draws air 
into our lungs, assists in lymphatic fl ow, fl attens the spinal curves, 
and may contribute to passive diffusion processes throughout the 
body (18).

Heart failure is characterized by fl uid overload. Fluid overload 
states are characterized by the movement of body fl uids from the 
intravascular space to the extravascular space. Pulmonary edema is 
a frequent and potentially life-threatening consequence of decom-
pensated heart failure. This occurs when there is an acute rise in the 
pulmonary capillary pressure, which overwhelms the ability of the 
pulmonary lymphatic system to drain the excess fl uid (32).

The lymphatic system removes the products of infl ammation 
and relieves congestion. Lymphatic system is under autonomic ner-
vous system control, specifi cally the sympathetic system which pro-
duces vasoconstriction and impairs lymph drainage. The Peripheral 
Lymphatic Ducts contain valves which help move the lymph in 
one direction (Fig. 55.3). The Lymphatic system utilizes mechani-
cal advantage as much as possible and as such lymphatic vessels 
travel with the arteries and are usually contained in a sheath. With 
each pulse bringing arterial blood to the extremities, the lymphat-
ics get a mechanical boost back to the central circulation. Once in 
the central circulation, lymphatic fl ow is assisted by the diaphragm 
creating both pressure differentials and directly infl uencing the 
cysterna chyli (18).

Our patient had pleural effusions documented by CXR and 
peripheral edema. She also had some mild abdominal complaints 
and some abdominal distension on examination and elevated liver 
function enzymes in her blood testing. This pattern is consistent 
with abdominal third spacing and passive hepatic congestion 
although we did not confi rm this with any studies.

In viewing our patient from this respiratory—circulatory 
perspective, we can see evidence of many of the above concepts. 

help prevent back fl ow. Once in the abdomen, pressure changes 
generated by the diaphragm will draw lymph into the cysterna 
chyli and eventually into the systemic circulation (18).

The changes in skeletal muscle tone and volume found in a 
deconditioned state, combined with decreased physical activity 
and immobility, can compromise musculoskeletal forces needed to 
assist in venous and lymphatic return from the periphery. Tho-
racic mechanics and diaphragmatic action will also greatly infl u-
ence fl uid movement, and if altered can lead to stasis and edema 
formation (20).

In this patient’s surgical history, we note that she has had a 
CABG which required a midline sternotomy and rib retraction. 
This can alter the motion of the ribs post sternotomy (21). Recent 
research suggests that fascia has active contractile properties (22). 
CABG requires cutting through the pericardium which may 
change the fascial relations in the mediastinum and fascial attach-
ments both superiorly (investing fascia of the great vessels up into 
the neck as the pretracheal fascia and eventually to the cranial base 
[23]) and inferiorly (connection to the central tendon of the dia-
phragm), although I know of no studies demonstrating this.

The patient’s bypass vessels were harvested from her left lower 
leg. This often predisposes patients to the development of lower 
extremity edema. Our patient had worse pitting edema on the left 
and this is a likely contributing factor (24).

The somatic dysfunction in this patient’s pelvis and lower 
extremities is also impacting venous and lymphatic drainage (20). 
This is evidenced by the increased congestion in the femoral tri-
angle which serves as a drainage point for the lower extremities 
into the pelvis (25). As we work our way into the systemic circu-
lation, drainage is further hampered by decreased diaphragmatic 
excursion and decreased rib motion. This decreases the range of the 
pressure differentials generated with each breath. Adding to this 
there is somatic dysfunction at the thoracic-lumbar junction and an 
increased kyphosis which also can decrease pressure changes and 
pumping action of the thoracoabdominal cylinder. Lastly, there is 
somatic dysfunction at the T1-rib 1/manubrium complex (14).

The thoracic duct, or left lymphatic duct, is a vascular struc-
ture which transmits lymph from the cisterna chyli and returns 
it into the systemic circulation. The thoracic duct must exit and 
then reenter this ring as it pierces sibson fascia twice to join at the 
union of the left Internal jugular and Subclavian veins at which 
point the lymph reenters the systemic circulation (26,27). Drain-
age from the right half of the thorax and right upper extremity 
occurs through the right lymphatic duct, which reenters the cir-
culation at the junction of the right subclavian vein and internal 
jugular vein (27,28). In the setting of a fl uid overload state, these 
factors will further impede effi cient return of lymph into the sys-
temic circulation.

After informed consent was discussed and signed, this patient 
underwent osteopathic treatment at the hospital bedside. Gentle 
osteopathic technique was utilized throughout her treatment 
course. This was a combination of balanced ligamentous tension 
technique, myofascial release, and some articulatory techniques.

Our goals were to improve range of motion of joints, tissue 
texture and help improve musculoskeletal structural relationships 
to assist the body in restoring homeostasis.

RESPIRATORY-CIRCULATORY MODEL

The respiratory-circulatory model is a way of viewing the move-
ment of fl uids throughout the body and the maintenance of the 
intracellular and extracellular environments. From the macro-
scopic perspective, we look at the movement of blood and lymph 

Chila_Chap55.indd   894Chila_Chap55.indd   894 8/6/2010   5:06:09 PM8/6/2010   5:06:09 PM



 55 • ADULT WITH CHRONIC CARDIOVASCULAR DISEASE 895

rate, respiratory rate, and cyanotic appearing feet. This is also 
evidence of vasoconstriction that would affect fl uid fl ow through-
out the body.

One of the principles of osteopathic medicine is the ability of 
the body to self-regulate (11). It is the osteopathic physician’s job 
to assist the body in this capacity. There are no adequate random-
ized controlled trials (RCT) addressing heart failure with OMT; 
however, by appreciating the factors that infl uenced this patient’s 
clinical state, we used plausible ways to improve this patient’s phys-
iology using an osteopathic approach.

This patient had a cardiomyopathy with depressed ejection frac-
tion and diastolic dysfunction which makes her more suscep-
tible to fl uid balance disturbances. This patient was taking rapid 
shallow breaths with poor diaphragmatic and thoracic excursion. 
Additionally, her thoracic mechanics were compromised by poor 
compliance and an increased kyphosis. This resulted in decreased 
thoracoabdominal pressure changes. She was quite deconditioned 
and along with increased lumbar lordosis and sacral nutation 
had limited musculoskeletal effi ciency. She had increased sym-
pathetic activity as evidenced by increased blood pressure, heart 
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Our patient had LV dysfunction/cardiomyopathy from her 
ischemic heart disease and resultant heart failure. This is a com-
mon remodeling pattern. On presentation, she had signs of hyper-
sympathetic tone with elevated heart rate, blood pressure, and 
vasoconstriction (cool extremities).

The sympathetic outfl ow to the heart is from spinal levels T1-6 
(47). The outfl ow nerves relay through the middle cervical ganglia 
and the stellate ganglion. They then join up with the cardiac plexus 
and ultimately synapse on and innervate the myocardium. Nerves 
carrying nociceptive information are called Nociceptors and travel 
with the sympathetic nerves. Cardiac nociceptors are very sensi-
tive to ischemia and infl ammation (36). Afferent nerves from both 
visceral and somatic structures synapse in the spinal cord onto the 
same lamina and facilitate viscerosomatic refl ex somatic dysfunc-
tions (48,49).

Viscerosomatic refl exes or segmental facilitation is character-
ized by warmth, muscle spasm, tenderness, and moisture. These 
are explained by the physiologic processes of vasodilation, refl ex 
stimulation of alpha motoneurons in the deep back muscula-
ture, activation of the infl ammatory cascade and infl ammatory 
mediators such as substance P. These are the basic fi ndings that 
characterize somatic dysfunctions. Several studies have been per-
formed that demonstrate this and that has bearing in our patient 
(50,51).

In 1983, Cox et al. published a paper entitled “Palpable muscu-
loskeletal fi ndings in CAD: results of a double-blind study.” Dur-
ing this study, 97 patients who were having cardiac symptoms had 
a blinded musculoskeletal assessment for somatic dysfunction. All 
patients went on for cardiac catheterization. The authors concluded 
that there was a high correlation of changes at T4 in patients with 
signifi cant cardiac disease in the men and women (52).

Nicholas published a similar study in the British Medical Journal 
in 1985 entitled “A somatic component to myocardial infarction.” 
The authors concluded there was a signifi cantly higher incidence 

In terms of the respiratory-circulatory model, we looked to 
augment the pharmacologic and respiratory treatments that were 
initiated. Our goals were to augment venous and lymphatic drain-
age to assist in the ability to reabsorb fl uids that had been third 
spaced. This improves the removal of metabolic wastes and as end 
tissue pressures are decreased, helps improve oxygen delivery and 
may improve delivery of medications.

Once the patient had stabilized, we addressed peripheral drain-
age by using myofascial release to improve the mechanics at the T1/
rib 1/manubrium. This was done to optimize thoracic duct drainage. 
We then used a gentle lymph pump to induce drainage (14,33). We 
used balanced ligamentous tension (BLT) and rib raising to the rib 
cage, thorax, and lumbar spine to improve compliance, pliability, and 
decrease the spinal curvature (18). We redomed the diaphragm to 
improve effi ciency of the thoracoabdominal-pelvic cylinder in order 
to improve fl ow through the central circulation (14). The goal of this 
was to increase pressure changes throughout the thoracoabdominal-
pelvic cylinder. Lastly, lymphatic pump techniques were employed 
to assist drainage from the peripheral tissues. As we were mobilizing 
fl uids from extravascular spaces and augmenting return into the sys-
temic circulation, we were careful not to overload the patient at any 
point and paid careful attention to physiologic parameters (18).

In summary, the respiratory-circulatory model deals with fl uid 
movement. Our patient had fl uid overload. We used a combination 
of diuretics (furosemide), preload reduction (nitrates), and OMT 
to help restore more physiologic somatic relationships to facilitate 
venous and lymphatic drainage and help the body mobilize and 
ultimately remove excess fl uids.

NEUROLOGIC MODEL

The cardiovascular system is under constant infl uence from the 
nervous system. The autonomic nervous system regulates heart 
rate, force of cardiac contraction, vascular tone, and blood pressure. 
The preferred homeostatic state of the cardiovascular system is 
under parasympathetic dominance. In decompensated heart failure 
and many chronic cases of heart failure, there are increased levels of 
catecholamines and hypersympathetatonia (34).

Under states of increased sympathetic tone, the body experi-
ences increased heart rate (chronotropy), increased force of con-
traction (ionotropy), vasoconstriction, and elevated blood pressure. 
This in turn leads to increased myocardial oxygen demand. This 
is coupled with decreased coronary blood fl ow (CBF) from vaso-
constriction and decreased time of diastole and this can lead to 
cardiac ischemia. Sympathetic and parasympathetic considerations 
are outlined in Table 55.1.

Under conditions of increased sympathetic tone, the myocar-
dium undergoes a remodeling process (35). There is a prolonged 
healing time and decreased angiogenesis (36). This has been well 
recognized after both cardiac ischemia and in the setting of heart 
failure. This is the heart’s attempt to restore homeostasis and 
occurs through several mechanisms including genetic transduc-
tion and protein synthesis. Unfortunately, under the infl uence of a 
hypersympathetic state and other neurohumoral infl uences, the 
body produces changes that are ineffective and ineffi cient (35). 
There are other pathologic structural changes that occur in the 
myocardium under these conditions which were discussed in the 
preceding section. This is part of the basis of providing beta block-
ade and has been shown to modify the remodeling process and 
improve survival (37–41). Also, adding ACE inhibitors or Angio-
tensin receptor blockers has also been found to prevent and reverse 
some of the pathologic remodeling that occurs and also improves 
mortality (42–46).

T A B L E  5 5 . 1

Neurologic Model Considerations

Sympathetic • Increased catecholamines
•  increased chronotropy/

ionotropy
• increased BP
• Increased oxygen demand
• Decreased CBF
• Decreased time for diastole
• Cardiac remodeling
• Impaired Lymph drainage
• Typical VSR

Parasympathetic • Vagal
•  Decreased ionotropy 

(in some cases increased)
• decreased chronotropy
• Decreased BP
• Increased CBF
• Improved lymph drainage
• Myocardial stabilizing
• C1/2 segments
No typical musculoskeletal 
reflex activity
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In addition to the above changes that take place, there are 
endocrine changes in the decompensated heart failure patient. 
There is a cascade of events that lead to heart failure. Our patient 
admits to eating salty foods and skipping some of her medications. 
This is quite common for heart failure patients (66). With increased 
salt load, there is increased retention of fl uids. With increased 
fl uids, there is increased pressure in the vasculature. There is a 
decrease in the effective circulating volume sensed by the kidneys. 
This leads to activation of the renin-angiotensin-aldosterone sys-
tem, which attempts to preserve fl uid volume by salt and fl uid reab-
sorption. ADH secretion from the hypothalamus acts to reabsorb 
free water and can contribute to the development of hyponatremia. 
These changes can lead to heart failure, peripheral edema, and 
lymphatic stasis.

In summary, along with appropriate medical treatment (beta-
blockade and ACE inhibition) to improve neurohumoral balance 
and prevent or reverse cardiac remodeling, we also utilize osteo-
pathic treatment. Our osteopathic treatment goals were to identify 
somatic dysfunction that may have contributed to our patient’s 
pathology and defacilitate viscerosomatic refl exes to assist her 
body help restore parasympathetic dominance to the autonomic 
nervous system.

METABOLIC ENERGY MODEL

Fatigue and dyspnea are common complaints in heart failure 
patients. These were our patient’s presenting complaints. Exercise 
capacity is the ability to perform activity or endurance of an indi-
vidual. Exercise intolerance is when an individual is not able to 
exercise to the expected level and is a concomitant feature of heart 
failure (67).

Exercise capacity depends on the ability of the cardiovascular 
system to deliver oxygen to exercising skeletal muscle and the abil-
ity of that muscle to extract oxygen from the blood and is based on 
cardiovascular dynamics, the ability of pulmonary gas exchange, 
and skeletal muscle metabolism (68). Peak exercise capacity is 
defi ned as the maximum of this capacity and maximal oxygen 
uptake (VO2max) has a strong linear correlation with cardiac output 
and skeletal muscle blood fl ow (67).

Heart failure patients have a reduced capacity to increase car-
diac output with even mild exertion (67). Several factors may con-
tribute to the inability of heart failure patients to have suffi cient 
response to exercise (Box 55.2). There is downregulation of beta 
receptors in the setting of chronically elevated catecholamine levels, 
and this results in a reduced ionotropic and chronotropic response 
(69,70). There is an increase in diastolic dysfunction that may 
impair cardiac output. There is a demonstrated, abnormal increase 

of somatic dysfunction confi ned almost entirely to the upper for 
thoracic levels in patients experiencing MI. The authors then went 
on to conduct a 3-year follow-up published in the British Medi-
cal Journal in 1991 whereby they reassessed patients who had had 
MI in the previous study after 3 years post-MI. They found a sig-
nifi cant decrease in palpable somatic dysfunctions in these patients 
who had survived and were treated (53,54).

A study whereby dogs were subjected to induced myocardial 
ischemia demonstrated increased muscle tension and texture from 
T2-5 on the left and increased amplitude on EMG on T4 and 
T5 during myocardial ischemia. This again demonstrates this well-
known phenomenon of this viscerosomatic interaction. Interest-
ingly, the same experiment conducted after sympathectomy failed 
to demonstrate these somatic changes reinforcing the pathway of 
viscerosomatic refl exes propagating through the sympathetic ner-
vous system (55).

Although it has been written about in the osteopathic litera-
ture, and there are experimental data examining somatovisceral 
refl ex activity, there are no studies that have investigated the 
impact of somatic dysfunction and in particular somatovisceral 
refl exes on the development or worsening of visceral dysfunction. 
This is, however, an in intriguing concept that bears further study 
(56,57).

Our patient had changes in her upper thoracic region that 
correlate with cardiovascular viscerosomatic refl exes. In addi-
tion to the fi ndings of acute viscerosomatic refl exes, such as the 
warmth and boggy tissue texture, she was found to have had an 
underlying ropey texture associated with more chronic somatic 
refl exes. Perhaps these fi ndings may be contributing to her 
pathology by acting as a somatovisceral stimulus. Treatment was 
directed to this area; however, any acute viscerosoamatic refl exes 
were treated with extreme care because of the potential to induce 
somatovisceral input on an already pathologic area (18). During 
outpatient follow-up, we focused on this region to reduce the 
long-term potential of somatovisceral refl exes to infl uence her 
cardiac physiology.

Parasympathetic outfl ow occurs through the right and left 
vagus nerves. The vagus nerve exits through the jugular foramen 
at the occipitomastoid suture and enters the cardiac plexus (58). 
Parasympathetic activity slows the heart rate and lowers the blood 
pressure and has a myocardial stabilizing effect that is antiarrhyth-
mic. In the decompensated heart, such as a patient with heart fail-
ure, increased parasympathetic activity can increase ionotropy by 
moving the cardiac physiology to a more favorable portion of the 
Frank-Starling curve (59).

There are well-described “vagal refl exes” in the osteopathic 
literature that tend to involve the C2 segment. These have been 
described by osteopaths in both cardiac and pulmonary conditions 
(18,50). Along with the C2 segment, the occipital atlantal junc-
tion and occipitomastoid are areas that have been written about 
in osteopathic literature that tend to infl uence autonomic tone 
(60). Some experimental animal data have shown that vagal affer-
ent activity is mediated through the C1 and C2 spinal segments 
(61,62). There is evidence that vagal cardiac afferent activity is 
inhibitory and decreased muscular spasms and affected response 
to cardiac sympathetic generated by introducing noxious cardiac 
stimulation (63–65).

Our patient did have changes at C2, which may indicate that 
there are changes in vagal tone. If treating C2 and the other areas 
of vagal outfl ow (jugular foramen, occipital mastoid suture, occipi-
tal atlantal joints) could change the autonomic balance toward a 
parasympathetic predominating state, then this could have a posi-
tive infl uence on our patient.

Changes Occurring in Heart Failure
• Downregulation of beta receptors
• Increased diastolic dysfunction
• Increased wedge pressure
• Impaired pulmonary diffusion
• Muscle changes
• Myocyte apoptosis
• Reduced capillary density
• change from fatigue resistant to fatiguable
• change to anaerobic activity and increased lactic acid
• enhanced ergoreceptors and mechanoreceptors
• Diaphragm change from type 2 to type 1 fibers
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One meta-analysis concluded there was reduced mortality and 
rate of hospitalization in patients who participated in a supervised 
program for 8 weeks at 2 years of follow up (94).

Exercise training has a class 1 recommendation from the ACC/
AHA for heart failure patients with reduced systolic function (8).

W.S. had a stiffened thorax to palpation. She was also very 
deconditioned and we could reasonably assume that her respira-
tory muscles were weakened. Because of these changes, the work of 
breathing and oxygen utilization would be expected to be increased.

One of the tenets of osteopathic medicine is the reciprocal 
nature of structure and function (11). Many of the above changes 
in cardiac and skeletal muscle function show this relationship. This 
is illustrated clearly by the diaphragm which changes structure on 
the microscopic level to accommodate functional changes on a 
macroscopic level.

There are no studies looking at the impact of osteopathic 
manipulation on energy utilization or documenting changes in the 
structure of skeletal, respiratory, or diaphragmatic muscle or the 
types of biophysical and biochemical changes listed previously in 
heart failure patients; however, by evaluating and treating somatic 
dysfunctions we addressed our patients structure in the expectation 
the there would be a positive change in her function and functional 
status.

Our patient had complaints of both dyspnea and fatigue at 
baseline that were exacerbated at presentation. Once her acute 
symptoms were treated and she had clinical improvement, she was 
appropriately referred for a supervised cardiac rehabilitation pro-
gram. She continued to undergo outpatient osteopathic diagnosis 
and treatment with a goal of reducing the work of breathing by 
improved pulmonary and chest wall compliance and improving her 
overall functional status by improved musculoskeletal relationships 
and decreased somatic dysfunction severity.

BEHAVIORAL MODEL

In osteopathic medicine, we are trained to look at the person as a 
whole. One of the basic tenets of osteopathic medicine is that the 
person is a unity of body, mind, and spirit (11). When we review 
the history of this patient, it is important to note some of the 
behavioral aspects that have a direct impact on this patient’s life 
and well-being. She has recently lost her spouse of many years. 
Our patient reports that she has been feeling depressed because 
of a recent change in her living arrangement after the death of her 
husband. She had gone from living independently with her spouse 
to living interdependently alone in an assisted living apartment. 
She has been grieving these losses. This could be having a large 
impact in her immediate and long-term health. She admits to eat-
ing foods that she knows are deleterious for her. Additionally, she 
is skipping her medications at times. These two factors alone could 
precipitate her present condition and are in a large part resulting 
not from medical but more behavioral factors. This underscores the 
importance of addressing these concerns.

It has long been suspected that there is an increase in the inci-
dence of depression in patients with heart failure (95,96). There 
have been several studies looking at this relationship. And it is 
becoming clear that not only is depression common in heart fail-
ure patients but that it is associated with increased mortality and 
rehospitalization (97,98). The fi ndings of depression and social 
isolation worsen mortality (99). Anxiety, although also common in 
this population, has had confl icting data in regard to whether it is 
associated with increased mortality (99).

A recently published trial looked at treating heart failure 
patients with Sertraline for a period of 12 weeks. All patients in the 

in pulmonary wedge pressure that can exacerbate pulmonary 
congestion causing dyspnea and limiting exercise capacity. There 
can be impaired pulmonary diffusion even in the absence of pul-
monary congestion.

Previously, it was thought that poor exercise capacity was due 
to depressed cardiac output and decreased oxygen delivery and 
that treatment with positive ionotropes would improve symptoms 
and exercise capacity. Several studies investigated the impact of 
ionotropes and vasodilators on exercise tolerance and found that 
although there were measurable increases in both cardiac output and 
peripheral blood fl ow, which would also increase oxygen delivery to 
exercising muscles, there were no signifi cant increases in exercise 
capacity (71). The researchers were able to demonstrate that these 
interventions had limited impact on maximal oxygen consumption 
(VO2max) and concluded that this may have been from decreased 
oxygen extraction by the muscle. Subsequently, it became recog-
nized that there were intrinsic skeletal muscle changes, which were 
present in heart failure patients that had a substantial role in exer-
cise tolerance. This became known as the muscle hypothesis (72).

There are several contributing factors in the development 
of skeletal muscle abnormalities. Physical deconditioning and 
inactivity is thought to be one factor. Another factor may be 
chronic hypoperfusion of skeletal muscle secondary to an inad-
equate response to exercise and a shift from aerobic to anaerobic 
metabolism (73).

There are several abnormalities that have been found in skel-
etal muscle of heart failure patients. Myocyte apoptosis has been 
identifi ed and correlates with the degree of limitation in exercise 
capacity (74). Capillary density is reduced in heart failure patients 
compared with controls and has an inverse relationship with oxygen 
consumption (75). Biochemical abnormalities have been found that 
include changes in the types of muscle fi bers from fatigue resistant 
to more fatigue able types of fi bers (76). Other studies have found 
lower intracellular pH, indicating increased lactic acid buildup sec-
ondary to anaerobic metabolism, evidence of more rapid depletion 
and, less effi cient utilization of high-energy phosphates both in the 
presence of preserved blood fl ow (77).

Functional abnormalities have been found in patient with heart 
failure. There has been demonstrated enhancement of ergorecep-
tors and metaboreceptors which may partially explain the increased 
ventilatory response and dyspnea in heart failure (78–80). Respira-
tory muscles undergo the above changes in heart failure patients 
and may also be contributing to the symptom complex by early 
fatigue (81). The diaphragm undergoes change from type 2 (fast 
twitch, glycolytic, fatigue susceptible) fi bers to type 1 (slow twitch, 
oxidative, fatigue resistant) fi bers, which is thought to be from the 
increased work of breathing and are similar to changes that occur 
with endurance training (82).

Exercise training and cardiac rehabilitation have been studied 
and have been shown to have many benefi ts: Improved peak VO2, 
improved muscle energetics, more effi cient oxygen utilization, and 
improved symptoms of fatigue and dyspnea (83,84). Reduced sym-
pathetic tone and increased vagal tone at rest, decreased systemic 
vascular resistance, reduced neurohumoral activity, and decreased 
levels of angiotensin, aldosterone, and BNP have also been dem-
onstrated (85–88). Reversal of skeletal muscle abnormalities such 
as mitochondrial density and a shift from type 2 to type 1 muscle 
fi bers are seen (89).

Improvements in VO2peak can be seen and this translates to 
improved symptoms, exercise capacity, ability to perform activities 
of daily living and maintain independence. Also, improvement in 
NYHA class and 6-minute walk distance as well as reduction in 
hospitalization rates has been shown (90–93).
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for managing acute threats, can in fact damage the body in the long 
run through activation of the hypothalamic-pituitary axis (104). 
The nervous system integrates information from the somatic, vis-
ceral, and psychological sources, and these can summate to achieve 
a stress response (Fig. 55.4). It is possible that by treating underly-
ing somatic dysfunction we might decrease the overall allostatic 
load to our patients (105–107).

In our patient’s case, it was important to discuss her living 
arrangement. It is important that this patient realize the implica-
tions of her actions on both her short-term and long-term health. 
W.S. received social work evaluation during her hospitalization 
and then outpatient follow-up from visiting nurse services and 
social work after she returned home. Additionally, as she believed 
that she was depressed and still grieving her losses, she was given 
the option of pharmacologic treatment, which she chose to begin. 
An antidepressant was started during her hospitalization and fol-
lowed as an outpatient.

W.S. was receiving osteopathic treatment in hospital as part of 
a comprehensive plan of acute management for heart failure, and 
this was also continued after her hospitalization. Over time, this 
patient’s mood did improve and she demonstrated a renewed inter-
est in her health and well-being.

In osteopathic medicine, we are trained to look at the person 
as a whole. One of the basic tenets of osteopathic medicine is that 
the person is a unity of body, mind, and spirit (11). This is dem-
onstrated in the connection between depression, anxiety, social 
isolation, and outcomes in heart failure referenced above. One 
intervention we can offer as physicians is to recognize the con-
nection between heart failure and depression and take corrective 
steps in order to address this. Frequent outpatient physician vis-
its, visiting nurse services, counseling, or mobilization of support 
services may provide improved care. Another intervention may be 
to include osteopathic diagnosis and treatment in our approach to 
these patients. Our goals would be to treat the somatic dysfunction 
we fi nd with the possible goals of decreasing any somatic contribu-
tion to the overall allostatic load.

To summarize, there is an established connection between 
heart failure and depression. This has been demonstrated in several 
studies and should be in our minds when evaluating patients with 
either acute or chronic heart failure. It is reasonable to institute 
appropriate interventions in the belief that these will positively 
impact our patients’ health and although no large RCTs demon-
strate this, we have some cursory evidence and pathophysiologic 
rationale to include osteopathic treatment as a possible interven-
tion in this patient population.

trial received nursing intervention and one arm of the trial received 
Sertraline (100,101). The trial showed no signifi cant difference in 
patients treated with the antidepressant versus patients who had 
just nursing intervention. Although the study was not powered to 
look at hospitalization rates, there was a trend toward decreased 
hospitalization rates in the treatment group (101). Another inter-
esting observation was that most of the patients benefi ted from 
nursing intervention. The author notes that this was a powerful 
intervention for these patients and may have blunted the response 
to medication (100). This may indicate that nursing intervention 
could be a preferred treatment for these patients. Additionally, the 
author believes that part of the reason antidepressants may help in 
heart failure is the restoration of normal autonomic function which 
may improve immune and infl ammatory factors (100).

There are not many controlled trials looking at the treatment 
of mood disorders with manipulation. The studies that have been 
performed do not readily translate to the typical heart failure 
patients.

One small trial looked at treating premenopausal women 
with depression with osteopathic manipulation. The patients were 
randomized to either a control group, which received a structural 
examination; or a treatment group, which received OMT. Both 
groups received Paxil and psychotherapy weekly for 8 weeks. At 
the end of the study, there was a signifi cant difference in favor of 
the treatment group. This was a small pilot study and it is unclear 
whether the results of this would translate to a larger population 
group (102). Additionally, this was a study done in pre-menopausal 
women, few of whom are typical heart failure patients.

Patients with fi bromyalgia frequently have concomitant depres-
sion. A small study looked at treating patients with fi bromyalgia 
with osteopathic treatment alone or in combination with medica-
tion. There was a noted improvement in depression in the patients 
treated with manipulation and medicine (103). Again, this does 
not easily translate to our patient’s population.

Neither of the above studies found any somatic dysfunction 
pattern that was “typical” for the patient with depression. Despite 
the lack of applicable randomized control trials, these studies do 
offer some evidence in favor of osteopathic manipulation as an 
intervention for patients with depression. The etiology of this ben-
efi t is less clear.

One possible explanation may be found in the concept of Allo-
static load. The term Allostatic loadwas coined by Dr. Bruce McE-
wen and refers to the physiological costs of chronic exposure to 
neuroendocrine immune stress responses. It is used to explain how 
frequent activation of the body’s stress response, an essential tool 

Figure 55-4 Allostatic load.Trauma
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SUMMARY

Heart failure is a complicated diagnosis, which has many causes 
that can lead to changes in the structure of the heart and vasculature 
(remodeling), neurohumoral changes, and endocrinologic changes 
throughout the body. There are changes in the skeletal muscle 
that have a large contribution to two of the hallmark symptoms 
of heart failure: dyspnea and fatigue. There are medications that 
have been shown to improve mortality and morbidity and decrease 
hospitalization rates (8). Despite the available medical treatments, 
there are patients who will remain symptomatic and we must look 
at other impacting factors. There is a recognized correlation with 
depression, which should be recognized, evaluated, and will need 
to be treated in some patients. Lastly, although no suffi cient RCTs 
have been conducted to examine the role of osteopathic medicine 
in heart failure, there are supporting data in the form of physiologic 
and pathophysiologic plausibility for the use of adjunctive osteo-
pathic diagnosis and treatments.

W.S. showed many classic fi ndings and complaints consistent 
with heart failure and has served to illustrate the principles in the 
evaluation and treatment of heart failure patients.
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Adult with Chronic Pain and 
Depression
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56
K E Y  C O N C E P T S

■ Chronic pain and depression are intimately linked, physiologically and psychologically, and can become part 
of a vicious interdependent cycle.

■ Osteopathic philosophy provides several perspectives within which to view this chronic pain–depression cycle.
■ Helping a patient to cope with his or her pain can break that cycle and influence his or her life in many ways.

as well as tenderness and hypertonicity in the right piriformis 
muscle. Flexion tests and measurements of iliac crest height 
along with very mild scoliotic spinal curves suggested a pos-
sible “short leg syndrome.” The common compensatory pattern 
noted by Zink and Lawson was violated by the lumbopelvic 
junction, and the pelvic floor was tight.

The patient was informed that this constellation of 
somatic dysfunction could cause chronic low back pain (LBP) 
that often responded favorably to osteopathic manipulative 
treatment (OMT).

CASE VIGNETTE

Chuck, a 45-year-old farmhand, was seen in the clinic with 
back pain.

Chief Complaint:
Chronic back pain for 3 years. This discomfort, present on his 
right side, was described as deep, nagging, and constant, with 
periods of acute exacerbation into the right hip, groin, and down 
the back of the leg to just above the knee. Full symptoms would 
occur with prolonged walking or standing and would persist for 
several weeks. The patient was unable to lift more than 25 pounds 
(11 kg) without aggravating his symptoms. His back took several 
hours to fully relax after lying down, even on “good” days.

History of Present Illness:
Pain onset had first occurred while the patient carried a small bale 
of hay in front of his body. He had stepped in an unseen pot-
hole, stumbled, and fell. The next day, he noticed full symptoms, 
which persisted as recurring episodes for several months. Between 
and during episodes, he achieved only partial relief with ibuprofen 
(800 mg/d). Physical therapy reportedly aggravated his pain.

During the next 3 years, the patient visited several physi-
cians, visits that were prompted by three to four substantial 
recurrences of pain radiation per year. Negative results from elec-
tromyographic, magnetic resonance imaging, and radiographic 
studies—coupled with negative results from tests of reflex changes 
and nonspecific, nonradicular patterns of muscle weakness—
during these 3 years left the patient with no specific diagnosis 
beyond “low back pain with recurrent lumbosacral sprain.” He 
was unable to work on the farm and said that he had the impres-
sion that physicians believed he was “malingering,” or “lazy.” He 
was depressed because he thought his family also shared these 
beliefs, and he became concerned about his marriage.

PHYSICAL EXAMINATION
Clinical findings revealed a slim white man who denied smok-
ing or illicit drug use. Review of his nonmusculoskeletal sys-
tems was noncontributory. Results of deep tendon reflexes, 
pathologic reflexes, straight leg-raising testing, Chapman’s 
viscerosomatic reflex screen, and Lloyd test were all negative. 
The result for a Trendelenburg test (a test to determine any 
weakness of hip abductors) of the right leg was questionable. 
Somatic dysfunction included reduced lumbar lordosis, left ili-
acus tender point, right sacral shear, and tenderness over the 
right iliolumbar ligament and posterior sacroiliac ligament, 

DIFFERENTIAL DIAGNOSIS

Depression

Depression occurs in roughly 50% of chronic pain patients (56–58). 
Pain severity is strongly associated with depressed mood (59, 60). 
Depression worsens suffering (54) (55) by interfering with social 
and occupational functioning (29, 30) and decreases activity levels 
(31, 32). Finally, depression predicts negative treatment outcome, 
disability (33), and increased use of medical services (34). Early 
treatment of depression avoids excessive diagnostic procedures and 
multiple surgeries (35).

Chuck depression appears more situational (i.e., dysthymic 
disorder) and secondary to his pain as there is irritability, sadness, 
lack of interest in enjoyed activities, fear of movement and rein-
jury by heavy farm work. In contrast, more severe clinical depres-
sion (i.e., major depressive disorder) would occur most of the day, 
every day with weight change of more than 5% of body weight 
in a month, insomnia or hypersomnia, fatigue, irritability, diffi -
culties with concentration, and reoccurrent suicidal ideation (39). 
Remember, pain alone is not usually a suffi cient condition for the 
development of depression (40, 41). Specifi c perpetuating factors 
that predict depression secondary to pain are (41–44):

1. Reduction in activity
2. Interference with life activities
3. Decreased sense of quality of life
4. Work interference

All these factors appear present in Chuck case.

Family and Spouse Response

Research has consistently shown that the spouse of the chronic 
pain patient can exert powerful effects on the way the patient copes 
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with their pain (15). Much of the research focuses on the spouse 
reactions to their partners in pain.

Chronic LBP drastically changes the roles and relation-
ships in families. The impact is particularly great for the spouses 
(45, 46) leading to more negative interactions (47–49) which we see 
in this case. Actually, the spouses are themselves also at greater risk of 
depression (50), loneliness (49), distress (50, 51), and marital discord 
(52, 53). Marital discord means less communicating, commitment, 
sexual frequency (50, 51), and more negative interactions (47). Spouse 
perceptions that appear critical (i.e., “lazy”) and that are hostile or 
punishing further add to negative thinking and depression on the 
patients part (52, 53). On the fl ip side, when pain patients are satis-
fi ed with the response of their spouse, then pain and depression are 
less likely. Spousal support may help to mitigate negative thinking.

Chronic Pain
Persistent nonmalignant pain is not a single entity. It has many 
different causes and manifestations, each with varied character-
istics and names. In an osteopathic approach, a complete patient 
history and physical examination are used to reveal any previously 
unidentifi ed pain generator or underlying cause for persistent pain. 
In addition, osteopathic physicians need to understand the individ-
ual’s unique response to pain and will therefore screen patients for 
signs of depression or other signifi cant nonsomatic links contrib-
uting to pain. Based on such patient histories and examinations, 
osteopathic practitioners can develop individualized osteopathic 
prescriptions to address their fi ndings, with the mutually benefi cial 
goals of decreasing biomechanical, biochemical, and psychological 
stressors, removing barriers to self-healing, self-regulating mecha-
nisms, and empowering patients themselves to reduce the impact 
of persistent pain on quality of life.

Figure 56.1 shows an osteopathic algorithm for management 
of patients with chronic or recurrent pain. An OMM approach 
that integrates palpatory diagnosis and OMT provides balance 
for patients with persistent nonmalignant pain seeking both state-
of-the-art interventions and individualized patient-centered care. 
The various osteopathic models offer strategies to both decrease 
pain and to enhance physiologic function. In this fashion, the 
osteopathic perspective offers two major recognized advantages: 
an expanded differential of potentially treatable etiologies and an 
individualized, patient-centered pain prescription based on the 
application of osteopathic principles.

Osteopathic Patient Management
In addition to providing appropriate strategies for management of 
pain, an osteopathic management algorithm (such as the one shown 
in Fig 56.1) incorporates the fi ve common osteopathic models of 
care to identify and address a variety of host factors directed toward 
the underlying cause, secondary signs and symptoms, and the tan-
gible and persistent impact of both in patients. These models also 
provide a framework for the patient education needed to foster 
compliance built on an understanding of complex interrelation-
ships among many different factors. Each osteopathic prescription 
seeks to discover and incorporate those factors needed to address a 
patient’s unique response to pain. The emphasis in treating patients 
who have persistent nonmalignant pain should be on improving 
function, decreasing peripheral nociception and central facilitation, 
and empowering individuals to move forward in resuming their 
normal activities of daily living.

The fi ve most commonly applied osteopathic models include:

1. Biomechanical
2. Respiratory-circulatory

3. Neurologic
4. Metabolic-energy
5. Behavioral

Each was considered in this case history and two models in par-
ticular, biopsychosocial and postural/biomechanical, were found to 
be most specifi cally involved in this case. The other three models 
could easily have been involved as well and are therefore also dis-
cussed below.

Biomechanical Model
Signifi cant and distinctive contributions to the evidence base sur-
rounding LBP management commonly stem from application of 
the postural/biomechanical model. One such contribution lies in 
the identifi cation of six somatic diagnoses commonly found in 
chronic back pain patients—the so-called dirty half-dozen. Using 
a structure-function approach, Greenman examined 183 patients 
who had persistent LBP for an average of 31 months. With osteo-
pathic palpation, he identifi ed three or more of six common diag-
noses of somatic dysfunction in 50% of this cohort. Treatment with 
OMT to eliminate the identifi ed somatic dysfunctions resulted in 
nearly 75% of the dysfunctional group returning to work or to their 
other activities of daily living (37).

Chuck benefi ted from the osteopathic clinician’s recognition 
of both the mechanism of injury and its potential relationship to 
at least three of this dirty half-dozen nonphysiological (traumatic) 
somatic dysfunctions documented in the literature. He also ben-
efi ted from the capability of the DO to deliver effective OMT to 
return function to the region itself and to prepare the rest of the 
body to accept the associated postural and biomechanical change 
that would inevitably follow.

The benefi cial role for manual modes of therapy, including 
OMT, in removing somatic dysfunction (the “manipulable lesion”) 
has been documented for patients with acute, subacute, and 
chronic LBP (33–36). In patients with LBP, spinal manipulations 
generally—and OMT specifi cally—produce physiologic effects 
similar to effi cacious prescription nonsteroidal anti-infl ammatory 
drugs, and has the potential to create effects more benefi cial than 
either physical therapy or home back exercises (13, 36). Benefi cial 
long-term functional outcomes for manual therapy have also been 
demonstrated in patients with chronic LBP (38). In fact, based 
on a review of the literature, Mein postulated that patient popula-
tions with subacute (secondary) and chronic (tertiary) LBP would 
benefi t most from manipulative care, rather than from more costly 
behavioral modifi cation, functional restoration, and chronic pain 
management programs. Why live with and learn to cope with pain 
if it is possible to remove somatic dysfunction?

In the postural/biomechanical model, OMT is applied primar-
ily to remove somatic dysfunctions and their objective manifesta-
tions of tenderness, asymmetry, ROM alteration, and tissue texture 
change. That said, identifying and addressing the “key lesions” 
(or primary somatic dysfunctions) becomes the goal of the model. 
For example, postural imbalance and compensatory somatic dys-
function above the sacral shear was a real, albeit secondary, conse-
quence in Chuck case. Even in the absence of signifi cant LBP, it 
would therefore not have been uncommon for other patients like 
Chuck to be seen repetitively for other somatic symptoms (such as 
headache, midthoracic back ache, and knee pain) or even somato-
visceral symptoms (such as irritable bowel syndrome) that would 
benefi t transiently from the more limited use of the postural/
biomechanical model.

Obviously, without specifi c palpatory examination for sacral, 
innominate, and pubic shears, they will be overlooked; pubic 
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Failing to make a diagnosis of the key somatic dysfunctions 
or being misled by pain to concentrate treatment on secondary 
or compensatory sites constitute two signifi cant elements in the 
postural/biomechanical model that the physician can rectify. Undi-
agnosed, key somatic dysfunctions—particularly “nonphysiologic 
dysfunctions” (e.g., traumatically induced pelvic shears)—might 
inadvertently result in several years of persistent pain (either locally 
or at distant sites linked through compensatory mechanisms) or the 
development of latent myofascial trigger points (MTrPs) that recur 
whenever they are stressed. If the sacral shear had been overlooked 
in Chuck case, his apparent “short leg syndrome” might have been 
recognized as another of the “dirty half-dozen” and treated with 

dysfunction (in the front of the pelvis) was present in 76% of 
Greenman dirty half-dozen causes of chronic LBP! Shears or 
compression at the pubic symphysis are common dysfunctions that 
can happen in the peripartum period, after a fall, and after a missed 
step (40); pubic dysfunction restricting pelvic motion anteriorly 
causes the two sacroiliac joints to overwork and therefore be pain-
ful. Likewise, dysfunction of one sacroiliac joint due to nonphysi-
ologic pelvic shear forces greatly increases functional demand on 
the other sacroiliac joint and its stabilizing ligaments (40). In this 
frequently encountered scenario, a unilateral sacral dysfunction is 
overlooked because the associated pain is located in the overused 
sacroiliac joint rather than the dysfunctional one.

+ +

History of Persistent Pain
Despite Traditional Workup and Treatment

Rational osteopathic manipulative medicine
(OMM) care considers each of these three issues

Consider Body Unity Issues Consider Homeostatic Issues Consider Structure-Function Issues
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Consider chemical
depression or sleep
disturbance

Consider specific history and
physical examination including
somatic clues affecting each
tenet of osteopathic medicine
above

Consider viscerosomatic-
somatovisceral reflexes

Consider perpetuating factors

Structure-Function Treatment
for Individual

Homeostatic Mechanism Treatment
for Individual

Body-Unity Treatment for Individual

History of
potential
emotional-
spiritual issue
linked to
region?

Evidence of
depression or
excessive
fatigue?

Dysfunction of central biochemistry

Dysfunction of local biochemistry
and cellular mechanism

Dysfunction of primary and/or
secondary respiration

Dysregulation/increase
of autonomic nervous system
(ANS) response

Biomechanical issue?
Specific pain
syndromes

Functional demand?

Postural
decompensation
(primary or
perpetuating
factor)

Specific
neuromusculo-
skeletal
dysfunction
findings

History of
poor
ergonomics
or habits

Post-OMT recurrencePost-Osteopathic Manipulative
Treatment (OMT) recurrent pattern?

Recurrence
postconservative care:

OMT: Stress reduction (DV4,
condylar-basilar decompression,
soft tissue OMT, touch);
somatoemotional approaches
Rx: Antidepressants
Rx: Titrated analgesic
Energy-based pain reduction
(magnetic, percussion hammer,
thermal)
Biofeedback and relaxation
techniques
Psychological/biopsychosocial
models
Empowerment for self-care

OMT: ANS model
OMT: Respiratory-circulatory model
OMT/orthotics: Postural model
Medication to supplement
homeostasis
Diet/nutriceuticals to supplement
homeostasis
Energy-based enhancement of
homeostasis and healing (laser,
magnetic, thermal, etc.)

Patient education regarding habits,
ergonomics
OMT addressing specific somatic
dysfunction
Exercise/rest (specific)
Rx: anti-inflammatory
Orthotics (if indicated)
Surgical musculoskeletal repair
(if indicated)

Figure 56-1 Osteopathic algorithm for management of patients with chronic or recurrent pain.
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A common example of this is seen in the constellation of pain 
in the back and lower extremity coupled with weakness of a num-
ber of muscles that happen to share the L5 nerve root as the source 
of their innervation. Travell and Simons have given the moniker 
“failed laminectomy syndrome” to the practice of surgical interven-
tion for the constellation of back pain with lower extremity referral 
that is also associated with a positive Trendelenburg test due to 
pelvic stabilizer muscle weakness arising from MTrPs in the glu-
tei muscles and the pain pattern produced by these MTrPs and 
stress on overworked posterior sacroiliac ligaments. Missing such 
a biomechanical cause can lead to unnecessary surgery while also 
magnifying the risk-to-benefi t ratio of that procedure, which is, 
in fact, indicated in a small percentage of neurological cases with 
pathology.

Another true neurological fi nding such as sciatica secondary 
to Chuck sacral shear somatic dysfunction could easily have been 
present and would have further complicated the case presentation. 
Pelvic shears often disrupt muscle balance both related to their pel-
vic attachments and to the body’s compensation for these disrup-
tive somatic dysfunctions. Piriformis hypertonicity is commonly 
with sacral shears because of its sacral attachments. Such piriformis 
dysfunction can manifest with posterior pelvis and thigh pain, 
rarely moving below the knee, secondary to MTrPs or mechanical 
pressure upon—or even entrapment of—a portion of the sciatic 
nerve. In the 11% (Caucasian) to 33% (Asian) individuals with 
the anatomic variation in which the peroneal portion of the sciatic 
nerve passes through the body of the muscle, weakness of ankle 
dorsifl exion might be seen due to entrapment. Counterstrain or 
even procaine injection of the piriformis muscle may provide tem-
porary relief from sciatica, referred pain, or even a mild footdrop, 
but will recur until the pelvic shear is corrected. One of the authors 
(MLK) has seen multiple injections and even transaction of the 
piriformis muscle in attempts to employ the neurological model 
where fi nal resolution was only obtained using the postural/biome-
chanical approach.

Lastly, it was interesting in Chuck case to note that his irritable 
bowel symptoms resolved with the correction of the somatic dys-
functions associated with his traumatic and compensatory somatic 
dysfunctions. Patients like Chuck will often withhold information 
that they do not feel is relevant to their chronic pain only to remark 
about the coincidence of symptom resolution. This common occur-
rence might be explained through the interaction between somatic 
dysfunction and the autonomic nervous system. In applying this 
model to Chuck case, sacral or innominate shears and nocicep-
tion from the piriformis might all be expected to increase sacral 
afferent load; overlapping with parasympathetic innervation to the 
left half of his colon. Unleveling of the sacral base in sacral shear 
cases typically leads to compensatory scoliotic curves often with 
a compensatory postural crossover at the thoracolumbar junction, 
segmental facilitation affecting the sympathetic innervation of 
the colon. Irritable bowel syndrome is considered as a functional 
manifestation of dysautonomia or autonomic imbalance between 
the parasympathetic and the sympathetic systems—leading to 
alternating diarrhea and constipation. This is further magnifi ed by 
segmental facilitation that acts like a “neurological lens” for both 
biopsychosocial model stressors and increased nociceptive afferent 
load from biomechanical pain generators.

This case may have benefi ted from the palpation of collateral 
ganglia and Chapman’s points associated with the area of the pos-
tural crossover (T11-L2). Such a rapid screening examination could 
have revealed tissue texture changes and tenderness consistent with 
colon dysfunction; this is empirically noted in perhaps 80% of irri-
table bowel cases. After a careful history, such additional somatic 

a heel or shoe lift on the short leg side to level his sacral base. 
Unfortunately for Chuck, regardless of the impact initially on 
restoring balance, alignment, and function above with a lift, the 
long-term effect of such a strategy would be to increase the shear 
forces on the sacroiliac joints thereby increasing the patient’s symp-
toms. The diagnosis of “short leg syndrome” (or more properly that 
of sacral base unleveling requiring lift therapy) should be reserved 
until—at a minimum—lumbopelvic and lower extremity somatic 
dysfunctions are addressed.

Reduction or alleviation of pain is one of the greatest benefi ts of 
applying the postural/biomechanical model, as was demonstrated 
in Chuck case. Furthermore, the close link between this somatic 
model and the biopsychosocial model has already been discussed. 
The remainder of this chapter will discuss the three other models 
that were considered or that were secondarily involved.

Respiratory-Circulatory Model
Note that mentally or emotionally stressed patients with chronic 
pain often breathe more shallowly and rapidly. As pain and stress are 
relieved, often the patient will be seen and heard to sigh deeply and 
switch their respiration over to a slower, deeper, and more effective 
respiration. This, in turn, helps to maintain that pain reduction. To 
this end, the respiratory-circulatory model has been applied by osteo-
pathic physicians in managing chronic pain patient. One goal is to 
reduce pain and edema by removing local metabolic waste products 
such as substance P, histamine, kinins, and certain interleukins that 
add to the allostatic load. This and the link between the postural-
biomechanical and respiratory-circulatory models have already been 
discussed in the chapters of this text associated with each topic.

In western medicine, focusing on the breath (as in Lamaze) has 
been an effective method for pain and stress reduction. The ancient 
Chinese used their own version of a respiratory-circulatory model—
the combination of deep breathing and meditation—to help con-
trol arthritis pain. With inhalation, all spinal curves straighten; 
with exhalation all exaggerate; respiration creates motion down to 
the cellular level. This mental-spiritual focus can be linked with the 
act of breathing to create motion or to link it with other motions 
as in Tai Chi. In the fi rst example, the key is motion; in the second, 
motion is key.

Maximizing the respiratory system to act as a suction pump 
to reduce local pain is accomplished not only through mechanical 
intervention by the osteopathic physician using OMT and postural 
strategies but also by teaching the patient how to link mind, spirit, 
and emotion (elements in the biopsychosocial model) to the struc-
tures most commonly thought of as being part of the respiratory-
circulatory model. Again, regardless of the underlying mechanisms 
involved, the respiratory-circulatory model goals can be effectively 
applied in the chronic pain patient.

Neurological Model
Although there were only weak neurological signs in Chuck case, 
those objective fi ndings present—and others—could certainly have 
been several more prominent. In similar cases possessing stronger 
neurological symptoms, either patient or physician might become 
fi xated upon a pathologically linked neurological diagnosis such 
as radiculopathy; even when diagnostic tests or treatment trials 
fail to confi rm the link between the anatomical site and the pain. 
In this same fashion—and even in the absence of neurological 
fi ndings—often the concomitant fi nding of degenerative changes 
in the lumbar spine or that of a incidental bulging disc eventually 
prove to be only incidental; in the meantime, their diagnosis and 
ineffective treatment consume tremendous fi scal, emotional, and 
temporal resources.
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returning to work as soon as possible leads to faster recovery and 
lowers rates of disability. In fact, a belief by the physician that there 
is psychogenic pain (“lazy” or “malingering”) leads to no practical 
diagnosis, is dualistic (i.e., mind vs. body) and counterproductive. 
Counterproductive means we have challenged Chuck integrity 
and truthfulness (1,2); contributed to family disruption (7); set 
the stage for social isolation and withdrawal (13) and; encouraged 
hypervigilance, negative thinking, and fear (3,4) resulting in avoid-
ance of activity and movement (5,6) as seen in this case. Depres-
sion would be the likely result.

CASE CONTINUED

OMT given to the patient consisted of applying the spring-
ing, direct method articular technique to the right sacral shear, 
counterstrain to the iliacus and piriformis tender points, and 
indirect balanced ligamentous tension to the thoracolumbar 
and sacral regions. Fascial patterns were treated with high-
velocity low-amplitude techniques aimed toward symmetry, 
and abdominal and pelvic diaphragms were treated with indi-
rect and direct myofascial release, respectively.

Post-OMT iliac crest heights and flexion measurements 
were normal. The patient left with instructions to drink lots 
of fluid, switch to acetaminophen as needed, avoid jumping or 
lifting until his next visit, and return in 1 week for follow-up 
examination.

At 1-week follow-up, the patient noted that both his acute 
and nagging pains had been relieved for nearly 4 days, but mild 
nagging pain had since recurred. A recurrence of sacral shear 
(approximately 40% of original) and piriformis muscle dysfunc-
tion were also noted and re-treated with OMT. Two weeks 
later, the patient returned with no symptoms and no recurrence 
of pain. He also noted in passing that what had been diagnosed 
as irritable bowel syndrome had “coincidentally” disappeared. 
He was instructed to make an appointment for 1 month later, 
but to cancel the appointment if he remained symptom-free. 
He phoned 1 month later, reporting that he was without pain 
and able to function normally at home.

FOLLOW-UP

Depression must be considered a comorbid condition if Chuck’s 
pain returns, without appreciable presence of somatic dysfunction 
or reinjury, and in association with continued tension in his mar-
riage, sadness, fear of movement; or failure to return to work. In 
this case, the osteopathic physician must reassure Chuck and his 
wife that depression is common and it is normal to feel depressed 
under the stress of chronic pain and all the trouble it causes. The 
old saying, “Pain sets in a still joint and depression sets in a still 
person” applies here.

Remember, a patient’s depression does not invalidate somatic 
dysfunction, pain, or suffering, nor does it imply the pain is “not 
real,” or that being depressed is a personal weakness. Concepts such 
as sensitization, neuroplasticity, neuromodulation, kindling, wind-
up, supersystem, dysregulation, etc. provide cogent hypothesis to 
explain the clinical spectrum of chronic LBP.

The simple message to Chuck is, “I believe you…I know that 
you have pain…the pain is real. The pain occurs in your body and 
for that we will do …, etc.” “You also have a reaction to the pain 
that has affected your function, family and quality of life. For that 
we will do…, etc.”

clues discovered during the osteopathic structural examination 
and interpreted through an application of the neurological/auto-
nomic model often prompts the DO to ask additional and more 
pointed questions. While in Chuck case, the condition appeared 
to be somatovisceral in nature, but one of the authors (MLK) has 
seen frequent instances where somatic dysfunction, even in the 
piriformis, has been perpetuated by visceral pathology through a 
viscerosomatic refl ex.

The neuroendocrine/immune connection is another important 
component of the neurological model. Stress from pain, inability 
to accomplish desired tasks, marital discord, and depression all are 
capable of creating effects beyond central nervous system facilita-
tion, in fact. The hypothalamic-pituitary adrenal axis is affected by 
the chronic pain state. The resultant increases in cortisol infl uence 
interleukin and other components of the immune system. This 
may impact overall health. Seeman and McEwan have described 
these relations in terms of allostatic load (61).

Behavioral Model
Over 80% of all physician visits are for complaints of pain. Pain 
patients are fi ve times more likely to utilize health care services 
(54–56). Chuck, a 45-year-old farm hand, with chronic LBP rep-
resents what is recognized today as the major cause of absentee-
ism and disability in every industrialized society (59). Like Chuck, 
those who develop chronic pain will use more than 80% of all 
health care dollars for back pain.

The behavioral model of chronic pain emphasizes pain as a 
multidimensional (i.e., mind, body, spirit) phenomenon expressed 
as interactions among somatosensory inputs, cognitive and behav-
ioral processes, emotions, and various adaptive/ maladaptive coping 
strategies (57, 58). Chronic pain is punctuated by high incidence, 
high relapse, and low rate of recovery (Kuchera M.).

Osteopathic physicians treating chronic back pain often 
encounter returning symptoms. Sometimes, these patients are 
thought to be exaggerating, “lazy,” or malingering when they fail 
to make expected progress following initial treatments (27) (28). 
Patients like Chuck who has had pain for 3 years are particularly 
frustrating to health care providers trying to identify pain genera-
tors, somatic dysfunction, and a return to optimal function and 
health.

“Secondary gain,” “malingering,” “psychogenic pain,” “lazy,” 
“nonorganic,” etc. concepts are often invoked as possible explana-
tions for relapse particularly when it is clear that the pain is now 
adding attention, possible injury compensation, avoidance of work, 
decreased physical activity/responsibility (16–19).

When all the psychosocial factors are examined, secondary 
gains are rare (20–22) and the secondary costs (20) are great. In 
Chuck’s case, loss of job, probable fi nancial instability, and the 
family and physician questioning his intent create tremendous 
chronic stress affecting immune, neurologic, endocrine, and mus-
culoskeletal systems. Couple this with shame or guilt for not being 
able to work and not living up to family expectations, perhaps 
anger for not being believed, and the sheer burden of persistent 
nociception, and it is clear that secondary losses outweigh any 
value added by pain. Given any chance of hope, Chuck, like most 
chronic pain patients, will strive to regain health and function. 
The art of managing the doctor/patient relationship is essential to 
success in this case.

Negative attitudes and beliefs by the family physician toward 
Chuck can greatly expand fear of pain and avoidance of movement 
and activity (9–12). Osteopathic practitioners know motion is the 
basic function of life (ECOP). There is strong evidence for chronic 
back pain that staying active, continuing normal activities, and 
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CHRONIC PAIN CAN REQUIRE CHRONIC CARE

Expect relapse. Effectively managing the biopsychosocial compo-
nent (25–28) for Chuck and his spouse requires the following:

■ Establishing trust and rapport. Address fears. Rule out malin-
gering and communicate this clearly to the patient and family. 
Defi ne pain generators, mechanisms, and rationale for targeted 
individualized treatment

■ Expect something back. Expect compliance in treatment and 
recognize specifi c goals and endpoints to treatment

■ Provide logistic and psychosocial support. Advocate, document, 
and reinforce Chuck pain self-management strategies and active 
problem-solving efforts

■ Confront secondary gain. Lay out clearly the cost to benefi t to 
risk of secondary gain. Dispel illusions. “No ‘pot of gold’ at the 
end of a disabling rainbow…Cut your losses and live a meaning-
ful life in spite of pain, if necessary”

■ Ignore “exaggeration” and “pain talk” without being judgmental 
or condescending. Reinforce positive, ignore negative.

■ Set goals of decreasing pain, restoring a functional role in the 
family and return to normal work activities as soon as possible.

■ If relapse, discuss and address patient’s fears, gather more biop-
sychosocial information, and recommit to self-management 
goals of pain control (i.e., not cure) and functional improvement 
(i.e., not 100% recovery)

■ Educate the family. Chuck family also needs education and sup-
port to help him and the treatment team achieve specifi c goals, 
rather than being an unintended obstacle to rehabilitation. 
Chuck spouse may be depressed and need treatment. Routinely 
evaluate the family every few visits and actively engage them in 
planning treatment. Therapy groups for patients and spouses 
have also proven very helpful in reducing depression and inter-
personal sensitivity

SUMMARY

When osteopathic models are actively integrated and applied to 
create a treatment plan for a patient with chronic pain, the result is 
a personalized, effective care plan typically combining nonpharma-
cological treatment strategies with appropriate types and levels of 
pharmacotherapy. Placing the patient at the center of the program 
and including patient education in a comprehensive treatment plan 
helps to improve quality of life and to break the vicious cycle result-
ing from pathophysiological mechanisms of persistent pain.
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Dizziness
HARRIET H. SHAW AND MICHAEL B. SHAW57

K E Y  C O N C E P T S
■ Balance depends on the intricate interaction of sensory input (vestibular, visual, and proprioceptive), central 

processing (vestibular nuclear complex and cerebellum), and motor response (eyes and postural muscles).
■ Disturbance in the cervical proprioceptive input to the vestibular nuclear complex and cerebellum is suggested as 

a cause for dizziness without hearing loss (cervicogenic vertigo), following neck injury.
■ Benign paroxysmal positional vertigo, a common and well-described form of vertigo, is most effectively treated 

with particle repositioning maneuvers, aimed at the return of displaced otoconia to the vestibule.
■ Looking for the root cause is paramount, since dizziness is a symptom that can be associated with a multitude of 

conditions and diseases.
■ Vestibular sedating drugs such as meclinzine and diazepam impair the process of central compensation by 

decreasing sensory input. These drugs should be avoided in most cases of dizziness, or limited to a short course.
■ Because of its effect on proprioceptive input and its ability to help patients stay more active, osteopathic 

manipulative treatment has an important role in the treatment of many forms of dizziness.

CASE VIGNETTE

CC: 
HH is a 72-year-old male who presents to an outpatient clinic 
complaining of dizziness.

HPI: 
The patient reports a sensation of whirling and unsteadiness, 
which occurs daily, lasting several seconds to 2 hours. It began 
1 month ago shortly following a motor vehicle accident in 
which he was driving, stopped at a red light, and struck from 
behind by a car going 35 miles/h. Even though he was wearing 
a seat belt, he experienced rapid flexion and extension of his 
neck, with subsequent neck pain that was diagnosed as cervical 
strain. Head and neck movement can bring on or aggravate the 
dizziness.

Current Medications: 
Chlorothiazide 500 mg daily for control of hypertension; ibu-
profen 200 mg b.i.d. to t.i.d. when needed for joint pain and 
stiffness.

Allergies: 
None known to medications, inhalants, or food.

Past Medical/Surgical History: 
The patient had right medial menisectomy 20 years ago. 
Currently, he has Type II diabetes controlled with diet and 
exercise, mild osteoarthritis of the knees, and hypertension 
controlled with medication, diet, and exercise.

Environmental and Social History: 
The patient denies smoking, admits to drinking four to five 
beers a week, and denies use of recreational drugs. He is a 
retired engineer, married with grown children.

Family History: 
Two younger siblings are living with no apparent health 
problems. Mother had hypertension and died at age 92 of a 
myocardial infarction. Father died of colon cancer at age 80. 
There is no family history of vertigo or neurologic diseases.

Review of Systems: 
Eyes—The patient’s vision is corrected with glasses. He reports 
no blurred vision, double vision, or eye pain. ENT—He has 
dizziness as noted in chief complaint, but denies hearing 
loss, tinnitus, earaches, sore throat, rhinorrhea, and epistaxis. 
Cardiovascular—The patient was diagnosed with hypertension 
5 years ago. He denies chest pain, fainting, shortness of breath, 
irregular heartbeats, and palpitations; reports no extremity 
edema. Respiratory—He denies difficulty breathing, wheezing, 
and cough. Gastrointestinal—He also denies nausea and vom-
iting, abdominal pain, diarrhea, and constipation. The patient 
had a normal colonoscopy 1 year ago. Genitourinary—The 
patient has no complaint of dysuria, hesitancy, or frequency. 
His last prostate exam, 6 months ago, revealed mild hypertro-
phy with no masses. Musculoskeletal—The patient complains 
of neck pain and stiffness worse on the right side in the upper 
neck. Ibuprofen offers some relief. He has bilateral knee pain 
with prolonged standing, also helped by ibuprofen. He denies 
muscle weakness. Neurological—The patient has vertigo as 
noted, but denies tremors, seizures, headaches, numbness, 
or tingling in the extremities. He has had no difficulty with 
gait other than the unsteadiness associated with his dizziness. 
He denies memory loss, difficulty with speech or coordina-
tion. Psychological—The patient denies anxiety, unwarranted 
sense of panic or depression. He reports no disturbance of 
sleep. Endocrine—He denies fatigue, skin and hair changes, 
and intolerance to heat or cold. Hematologic/lymphatic—He 
reports no abnormal swelling, bruising or bleeding; denies 
fatigue and feeling faint.
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The complaint of dizziness is a common one in the primary 
care and emergency department settings. It may be due to disease 
in almost any of the body systems and often presents a perplex-
ing challenge for diagnosis and treatment. Severe dizziness can 
be disabling, but seldom represents a life-threatening condition. 
Accurate history and physical will often differentiate dizziness-
like symptoms that are related to anemia, cardiac irregularities, 
orthostatic hypotension, transient ischemic attacks, and stroke. 
The association with vascular headaches may identify dizziness as 
a component of migraine. Neurologic signs could suggest a central 
nervous system lesion and require imagining for further diagnosis. 
Dizziness is identifi ed in the Physicians’ Desk Reference as a side 
effect to numerous prescription drugs, so an accurate drug history 
in relation to the patient’s symptoms may indicate a pharmaco-
logic cause. Lightheadedness, giddiness, faintness can be associ-
ated with hyperventilation, anxiety, and panic disorder, making a 
history of phobias, apprehension, worry, and insomnia helpful in 
diagnosis.

The assessment of vertigo depends on an understanding of 
the body’s systems of balance. Dysfunction in any of the com-
ponents can cause a patient to complain of dizziness or vertigo. 
Certain conditions or dysfunctions have warranted specifi c names 
and are associated with distinct presentations. Of these, labyrin-
thitis, BPPV, Meniere disease, acoustic neuroma, and cervicogenic 
vertigo will be discussed. Familiarity with the pertinent anatomy 
and physiology is important in interpreting any presentation of 
dizziness.

RELEVANT FUNCTIONAL ANATOMY AND 
PHYSIOLOGY

Balance is a whole-body experience that depends on the inter-
action of and processing of information from multiple sources. 
There are three primary sensory inputs to the balance system—
vestibular (inner ear), visual, and proprioceptive. Central process-
ing of balance-related information takes place in the vestibular 
nuclear complex and cerebellum. Motor output, primarily to the 
eyes and postural muscle, helps the body react to balance issues. 
(Fig. 57.1)

Vestibular System

The vestibular system consists of the bony and membranous laby-
rinth, including its blood and nerve supply. The complex, which 
is housed in the temporal bones bilaterally, consists of the cochlea 
(responsible for hearing), the semicircular canals, and a central 
chamber or vestibule. (Fig. 57.2) The bony portion contains peri-
lymphatic fl uid (somewhat like cerebral spinal fl uid), in which the 
membranous structures are suspended. The membranous labyrinth 
contains endolymphatic fl uid (similar to intracellular fl uid) and 
specialized sensory hair cells, responsible for the neural fi ring of 
the labyrinth. (Fig. 57.3)

The semicircular canals are three in number, each having a wid-
ened end called the “ampulla.” The sensory hair cells are located in 
the ampullae and are sensitive to rotational movement of the head. 
The semicircular canals are oriented perpendicular to each other, 
similar to the fl oor and two adjacent walls of a rectangular room. 
Pairing of the bilateral structures, in mirror image fashion, allows 
detection of motion in any direction. Their arrangement corre-
sponds closely to the pulling directions of the extraocular muscles. 
Information from the semicircular canals helps the eyes remain still 
in space as the head moves, making clear vision possible.

Vital Signs: 
Temperature, 98.6°F; pulse, 74; respirations, 14/min; BP, 
130/74 with no significant change from supine to upright; 
height, 6¢1²; weight, 204 lb.

Physical Exam: 
The patient is well nourished, appearing stated age, and is alert 
and communicative. He walks with a normal gait.

Head: 
Head is normocephalic without signs of trauma. Pupils are 
equal and reactive to light and accommodation; conjunctiva is 
clear. Fundoscopic exam is normal. With the patient looking 
straight ahead (seated on a swivel stool), nystagmus is noted 
during rotation of the body.

ENT: 
ENT exam is within normal limits. Mild, high frequency, 
bilateral hearing loss, appropriate to patient age, is identified. 
There are no bruits ausculted over the carotids and no lymph-
adenopathy or masses are noted in the neck.

Heart: 
Heart has a regular rate and rhythm with no murmurs 
ausculted.

Lungs: 
Lungs are clear to auscultation.

Abdomen: 
Bowel sounds are heard in all four quadrants and the abdomen 
is soft and nontender with no masses palpated. Liver edge is 
not palpated or percussed below the costal margin.

Neurologic: 
Neurologic exam reveals cranial nerves II to XII to be intact, 
deep tendon reflexes to be equally responsive bilaterally in 
upper and lower extremities. No atrophy, spasticity, clonus or 
tremors are noted. The patient is able to perform finger-to-
nose, heel-to-shin, and Rhomberg tests. Sensation and two-
point discrimination are intact.

Musculoskeletal/Structural: 
Findings include tenderness and hypertonicity in the suboccipi-
tal area and right upper cervical muscles; left temporal inter-
nally rotated, right sphenobasilar side-bending rotation, OA is 
flexed sidebent left and rotated right, C3 is flexed sidebent and 
rotated to the left, the right scapula is superior when compared 
with the left, there is tenderness at the insertion of the right 
levator scapula, the lumbar paraspinal muscles are hypertonic 
on the right, and the talus is biomechanically anterior to the 
tibia on the right.

DISCUSSION

Dizziness is used by patients to describe a variety of symptoms 
including lightheadedness, feeling faint, weak or unsteady, as well 
as the sensation that the room is spinning. Giddiness is described 
as the feeling that one’s head in spinning. Vertigo is the sensation 
of movement, usually spinning, rotating, or whirling, associated 
with dysfunction in the vestibular system. Disequilibrium, imbal-
ance or unsteadiness, only occurs when walking or standing and 
may or may not be accompanied by vertigo.
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The utricle and saccule are sensory organs of the membranous 
labyrinth. They are located in the vestibule and contain calcium 
carbonate crystals called otoconia, in addition to sensory hair cells. 
Their arrangement (the saccule is vertical while the utricle is hori-
zontal) along with the mass of the otoconia make these otolithic 
organs sensitive to gravity and linear acceleration (Fig. 57.4).

Afferent signals from the labyrinth are carried by the vestibular 
nerve, which courses along with the cochlear nerve, facial nerve, 
and labyrinthine artery, through the internal auditory canal of the 
petrous portion of the temporal bone. The vestibular nerve enters 
the brain stem at the pontomedullary junction, and its information 
goes to the cerebellum and vestibular nuclear complex.

Vestibular 
(angular) 

Vestibular 
(linear) 

Cerebral cortex 

Eye movements 

Postural control 

Cerebellum 

Feedback loop

Proprioceptive 

Visual 

Auditory 

Other

Brainstem
Nuclei

Figure 57-1 Sensorimotor integration for 
balance—sensory input, central processing, 
and motor output.

Posterior
semicircular canal

Lateral
semicircular canal

Superior
semicircular canal

Common crus

Elliptical
recess

Spherical
recess

Cupula of
the cochlea

Oval windowRound window

Ampullae

Figure 57-2 Vestibular complex housed in 
temporal bones.

Arterial blood supply to the labyrinth is from the vertebral 
basilar system. The labyrinthine artery usually is a branch of the 
anterior inferior cerebellar artery, but may be a direct branch from 
the basilar. Its branches supply the cochlea, semicircular canals, 
utricle, saccule, ampulla, and vestibular nerve. There is no collateral 
circulation, making the labyrinth very susceptible to ischemia and 
disruption of blood fl ow.

Visual and Proprioceptive Systems

Visual information is processed along with that from the vestibular 
system and all the proprioceptors of the body to determine position 
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in space. Proprioceptive input from postural muscles, related fascia, 
joints, and ligaments is all interpreted, but information from the 
ankles and neck is especially important in balance control.

Central Processing

The vestibular nuclear complex (four major and seven minor nuclei) 
in the pons and medulla is the primary processor of the informa-
tion from the above sources. It provides fast and direct connec-
tion between incoming information and motor output response. 
The cerebellum is the adaptive processor, acting as a modulator 
and monitor. Fine tuning and adjustments to the system are done 
in the cerebellum. Regulation of the various refl exes responsi-
ble for balance occurs due to interaction between the vestibular 
nuclear complex and the cerebellum. The balance function of the 

brain stem and cerebellum depends on symmetrical, accurate, and 
consistent information from its sensory sources. It can, however, 
compensate for some missing information by using information 
from the other sources. Generally, compensation is possible if two 
of the three sources are functioning properly, even though this may 
require some adaptation over time.

Vestibuloocular Refl ex

Using information from the semicircular canals and otoliths 
(saccule and utricle), the vestibuloocular refl ex (VOR) provides 
clear vision during head motion. Motor impulses to the extraoc-
ular eye muscles generate eye movement compensatory to head 
movement.

Vestibulospinal Refl ex

Functioning to stabilize the body and prevent falling, the ves-
tibulospinal refl ex (VSR) is more complex than the VOR. Motor 
impulses are sent to skeletal muscles, in response to information 
reaching the vestibular nuclear complex and cerebellum. This 
information is then used to carry out strategies to maintain upright 
posture. These may include a number of complex interactions such 
as stepping forward, fl exing the ankles, grabbing a stable object.

Vestibulocollic Refl ex

Vestibulocollic refl ex (VCR) acts to stabilize the neck in response 
to vestibular output. This refl ex could explain the neck pain some-
times experienced with diseases of the inner ear—viscerosomatic 
refl ex.

Cervico-ocular Refl ex

Stimuli from neck ligaments, muscles, and joints cause a responsive 
movement of the eyes. This cervico-ocular refl ex (COR) interacts 
with the VOR. Normally, the gain of the COR is very low.

Differential Diagnosis

Cervicogenic Vertigo
Many people have reported symptoms of dizziness, unsteadiness, 
and imbalance following neck injury, especially with whiplash-
associated disorder (WAD). The symptoms are concurrent with 
neck pain and stiffness, and made worse by neck movement. There 
is no accompanying hearing loss or tinnitus, but nausea may occur. 
Disturbance in the cervical proprioceptive input to the vestibular 
nuclear complex and cerebellum has been suggested as the prob-
able cause. De Jong and De Jong (1) produced ataxia and nystag-
mus by injection of local anesthetic into the neck. Studies based on 
posturography data showed patients with cervicobrachial pain had 
poorer postural control than normal subjects (2). Prolonged con-
traction of the posterior cervical muscles, bilaterally, can alter bal-
ance control (3). Montfoort et al. (4) observed increased COR gain 
in patients with WAD, seemingly linked to reduced neck mobil-
ity, and offering a possible explanation for the vertigo reported by 
these patients.

Various studies have shown different types of manual manipu-
lation to be successful in improving symptoms of dizziness (5–7). 
In addition, numerous case reports over the years in the osteopathic 
literature discuss the success osteopathic manipulation in treating 
dizziness and vertigo. Still, controversy remains as to whether cer-
vicogenic vertigo is a distinct diagnosis. Brandt and Bronstein (9) 
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Figure 57-3 Specialized, sensory hair cells of the membranous 
labyrinth are defl ected during head movement.
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in their summary article on cervical vertigo note that vertigo can be 
accompanied by cervical pain, associated with head injury, whip-
lash injury or cervical spinal disease, and be dramatically improved 
with physiotherapy. Still the mechanism is yet to be proved. They 
conclude, “If cervical vertigo exists, appropriate management is the 
same as that for the cervical pain syndrome and that management 
should not be denied any patient.”

Acute Labyrinthitis

Infl ammation or infection of the inner ear may occur alone or in 
combination with a viral, or less commonly, a bacterial infection. In 
acute labyrinthitis, the patient complains of sudden onset of severe 
vertigo. It is accompanied by hearing loss, tinnitus, nausea, and 
vomiting. Nystagmus is present. The acute episode lasts 24 to 48 
hours. The condition slowly resolves with several days of disequi-
librium and motion-induced vertigo, followed by slow improve-
ment over several weeks.

Benign Paroxysmal Positional Vertigo

Thought to be caused by debris in the endolymph of the posterior 
semicircular canal, BPPV presents with episodic vertigo brought 
on by changes in head position. Commonly, patients report rolling 
over in bed or rapid neck extension precipitates symptoms. The 
episodes last 30 seconds to 2 minutes, and will subside even if the 
offending position is maintained. There is no associated hearing 
loss or tinnitus, but rotatory nystagmus accompanies the vertigo. 
Performing the Dix-Hallpike positioning test—a rapid change 
from sitting to lying, with head hanging turned toward affected 
side—brings on vertigo and nystagmus, which then subsides after 

holding the position for 10 to 40 seconds. (Fig. 57.5) BPPV is 
self-limiting and responds to vestibular exercises and particle repo-
sitioning maneuver (Fig. 57.6).

Meniere Disease (Endolymphatic Hydrops)

A disorder of the inner ear with increased endolymphatic pres-
sure, Meniere disease can cause devastating vestibular symptoms 
and hearing loss. Patients initially experience pressure in the ear, 
reduced hearing, and tinnitus. This is followed by severe vertigo 
with nausea and vomiting. Severe symptoms can last 30 minutes to 
24 hours. Intensity of symptoms diminishes over several days time. 
Unsteadiness may persist for weeks. Hearing loss and tinnitus may 
gradually improve, or sensorineural loss may be permanent. As the 
disease progresses, attacks continue with continuation of hearing 
loss, but the severity of vertigo may decrease. Although salt restric-
tion and diuretics have been used as treatment, there is no indi-
cation of their effectiveness. Betahistin has been used with some 
effectiveness (10). Other vestibular suppressants should only be 
used during the acute attack, not on a chronic basis. Many patients 
require psychological support in coping with the ramifi cations of 
the disease.

Acoustic Neuroma (Vestibular Schwannoma)

Schwannoma of the eighth cranial nerve causes unilateral sen-
sorineural hearing loss and tinnitus. Vertigo, when it occurs, is not 
an early symptom and is usually short lived, replaced by a sense of 
imbalance or disequilibrium. Suspicion of acoustic neuroma should 
be followed up with an MRI of the internal auditory canal with 
gadolinium contrast.
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Figure 57-4 Otolithic membrane in the utricle and sac-
cule is embedded with calcium carbonate crystals. Linear 
acceleration or change with respect to gravity causes the 
membrane to shift and trigger underlying hair cells.
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Osteopathic Patient Management

As dizziness is a symptom that can be associated with a multitude 
of conditions and diseases, looking for the root cause is paramount. 
Somatic dysfunction may be present in any of these cases as an 
associated fi nding or, as some suggest, a signifi cant etiologic fac-
tor. Somatic manifestations of vestibular disease could appear in 
the cervical area by way of shared neural refl ex pathways (VSR, 
VCR).

Certainly, any identifi ed underlying cause of dizziness needs to 
be treated. Often, a cause is not identifi ed or available treatment is 
only symptomatic. Addressing the management from a multifac-
eted approach is usually the most successful.

Biomechanical Model

Trauma seems to play a role in some types of dizziness. Patients 
with WAD frequently complain of dizziness (11). Lockhart (12) 
reported on two cases of Meniere syndrome resulting from mul-
tiple traumatic brain injury. Treleaven et al. (13) showed WAD 
patients with dizziness showed signifi cant error in returning their 
head to natural posture (joint position error), compared to controls 
and WAD patients without dizziness.

OMT to normalize proprioceptive input, improve range of 
motion, promote venous and lymphatic circulation, and balance 
neurologic refl exes makes sense in the management of patients 
with balance disorders.

Proprioceptors in the neck supply important information to 
the balance system of the central nervous system. Inappropriate 
signals due to cervical somatic dysfunction may be responsible for 
some forms of dizziness or exacerbation of dizziness due to other 
causes. Recent studies demonstrate decreased range of motion in 
the cervical spine causes increased activity in the CVR (4) and may 
partially explain the improvement in dizziness reported with man-
ual manipulation (5–8,14).

Other areas of the body also provide proprioceptive input to 
help regulate balance and must respond when postural adjustments 
need to be made. Somatic dysfunction in any of these areas, par-
ticularly the feet and ankles, may impact balance and the individ-
ual’s ability to compensate for imbalance. Range of motion in the 
extremities is important for balance rehabilitation training. OMT 
to improve extremity motion can be benefi cial in rehabilitation for 
those patients suffering from dizziness.

Figure 57-5 Dix-Hallpike maneuver for detecting BPPV.

Figure 57-6 Particle repositioning treatment for BPPV may be 
performed by physician and taught to patients.

AC

HC

PC

A

C

B

D

E

Chila_Chap57.indd   915Chila_Chap57.indd   915 8/6/2010   6:53:58 PM8/6/2010   6:53:58 PM



916 IV • APPROACH TO OSTEOPATHIC PATIENT MANAGEMENT

cranial fi eld addresses bony relationships and dural tensions in the 
head, thereby impacting function of the vestibular nerve. Relieving 
tension in the upper cervical spine and around the jugular fora-
men (occipitomastoid suture) may reduce symptoms of nausea and 
vomiting by effecting vagal tone. Medication use must be carefully 
considered, as vestibular sedatives, such as meclizine, impair the 
process of central compensation by decreasing the sensory input. If 
needed to control severe dizziness, these drugs should be limited 
to a short course (usually two to three doses.) Anticholinergic (e.g., 
scopolamine) and antidopaminergic (e.g., prochlorperazine) drugs 
may also offer some relief. Combination therapy can be benefi cial 
when a single drug regimen fails. Again, the sedating effects can be 
counterproductive to rehabilitation

Metabolic-Energy Model

Postural considerations are especially important in the manage-
ment of dizziness and balance disorders. Evaluation and treatment 
of postural imbalance from the standpoint of sacral base unlevel-
ness, muscle tone problems, or postural strains can play an integral 
part in the resolution of dizziness and unsteadiness.

Drugs with potential for ototoxicity must be considered as 
a cause of vertigo. A few drugs such as the aminoglycoside anti-
biotics and some antineoplastic drugs cause irreversible damage. 
Others such as aspirin, when stopped, will result in resolution of 
symptoms.

Behavioral Model

Patients with dizziness who succumb to a sedentary life style have 
much worse outcomes. Encouraging activity, in spite of symptoms, 
is very important. Persistent vertigo can be very disruptive to a 
patient’s life, and many patients become frustrated, even depressed. 
Psychological support may be critical. Some antidepressant medi-
cations have dizziness as a side effect, so pharmacologic treatment 
must be carefully monitored. Psychological disorders may also 
manifest symptoms of dizziness. It is the second most common 
symptom reported by people with panic disorder.

Discussion

Since dizziness is used to describe a variety of sensations and may 
result from a variety of problems, approach to a patient complain-
ing of dizziness must start with an in-depth history. Description of 
the patient’s sensation must be specifi c as to whether it is disori-
entation, a sense of moving, being off-balance, diffi culty walking, 
impending faint, lightheadedness, motion sickness, panic, trouble 
focusing, or spinning. History of present illness should include the 
timing and nature of the fi rst episode and subsequent episodes. 
What are the frequency and duration of the spells and when was 
the last spell? Precipitating factors and associated symptoms need 
to be considered. Other contributory information is found in med-
ication history, allergic history, family history, social history, and 
review of systems.

Appreciation of the sensorineural integration involved in bal-
ance helps in diagnosis and treatment of dizziness. Always consider 
the three major components in achieving good balance—sensing 
the environment, central processing of information, and musculo-
skeletal response. Also consider the three dominant sensory inputs 
to this system—vestibular (inner ear), visual, somatosensory ( joint 
proprioception). Comprehensive history and understanding of the 
involved anatomy and physiology will make the evaluation and 
treatment of patients with dizziness much more satisfying.

Magoun (15) states, “vertigo often follows trauma to the ear or 
the neck.” Considering the location of the paired labyrinth organs 
on the petrous portions of the temporal bones bilaterally, and the 
importance of coordinated input from the two sides, dysfunction 
of the temporal bone may be responsible for disturbance of equi-
librium. For those skilled in the cranial approach, gently realign-
ing the temporal bones to their proper orientation and motion will 
normalize the inner ear mechanisms.

BPPV is a common and well-described form of vertigo, most 
effectively treated with particle repositioning maneuvers (16). The 
goal of the maneuvers is the return of displaced otoconia to the 
vestibule. Vestibular sedating drugs such as meclizine and diazepam 
are not effective and usually not recommended for these patients. 
Lower extremity strength, range of motion, and coordination have 
important roles in the rehabilitation of vertiginous conditions. 
Good structural diagnosis can help direct appropriate musculoskel-
etal treatment and home exercises. OMT for somatic dysfunction in 
the neck, cranium, and extremities can offer relief to many patients 
suffering from dizziness. For those with cervicogenic vertigo, reso-
lution of involved somatic dysfunction is the treatment of choice.

Respiratory-Circulatory Model

Congestion in the middle and inner ear, while not a major recognized 
cause of vertigo, is a component to some diseases (e.g., Meniere’s) 
and may be associated with lightheadedness and imbalance. OMT 
aimed at improving venous and lymphatic circulation from the head 
and neck may offer symptomatic relief in those cases.

The vestibular system is particularly susceptible to vascu-
lar compromise. Awareness of postures and maneuvers that may 
impede blood fl ow through the vertebrobasilar system is important 
in patient education and when applying any type of manipulation. 
Avoidance of hyperextended positions of the upper cervical spine 
is recommended. If venous or lymphatic congestion is believed to 
be involved in the symptomatology, osteopathic techniques that 
promote venous and lymphatic drainage from the head may offer 
relief. Diuretics and salt restriction diets have been used with vary-
ing success in the treatment of Meniere’s in an attempt to decrease 
the inner ear fl uid volume. Although the endolymphatic space of 
the labyrinth does not directly communicate with the subarach-
noid space, fl uid movement in the inner ear may be augmented 
by cranial movement. Cranial treatment to improve cranial bone 
motion has been used with some success to reduce the symptoms 
of Meniere disease.

Neurologic Model

When one aspect of the sensory input to the brain stem and cer-
ebellum balance system is absent or dysfunctioning, the brain 
compensates by using information from the other systems. The 
more disinformation or lack of information, the more diffi cult is 
the compensation process. Rehabilitating patients with vertigo 
and balance disorders includes retraining the coordination of eye 
movement with head, neck, and body movements through exer-
cises. Enhancing the intact sensory inputs may entail sharpening 
proprioceptive input from the neck or extremities through exer-
cises, encouraging activities and OMT. Manipulative techniques 
contributing to a decrease in afferent load (e.g., counterstrain, indi-
rect myofascial) could help balance the involved neural refl exes. 
Corrective lens, when needed, can improve the accuracy of sensory 
input from the eyes. Dural tension around the internal auditory 
meatus has been suggested to impair proper function of the nerves 
coursing there (vestibular, cochlear, and facial). Osteopathy in the 
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•  These exercises can be best done with the help of an assistant
•  If on initial attempt of these exercises the response is too se-

vere to continue, the prescribed medication may be used
• Refer to the diagrams below while reading these instructions

Identification of Problem Ear
The first step in the self treatment of dizziness is to identify the 
side of the poorly functioning ear. This is done as follows:

 1.  Identify the position on a firm bed where you can lie back 
without hitting anything.

 2.  Identify where your shoulders will lie when you lie back in 
the bed.

 3.  Place a midsized pillow on the bed where your shoulders 
will land when you lie back in the bed.

 4. Position yourself in the bed as above.
 5.  Lower yourself with your shoulders contacting the pillow 

and your head contacting the bed and your head turned to 
the left.

 6.  Remain in that position for 2 minutes, and record your feelings.
 7.  Repeat the above maneuver; however, this time turn your 

head to the right.
 8.  Again remain in that position for 2 minutes and record 

your feelings.
 9.  Identify the side your head is turned to, which produced 

the most uncomfortable feelings whether they be dizziness, 
anxiety, or fear.

10.  Record this side that produced the most uncomfortable 
feelings.

Treatment of the dizziness
 1.  Sit on the bed positioned as above and with the pillow 

positioned as above.
 2. Turn your head 45 degrees.

 a.  If your head turned to the right produced the most 
uncomfortable feelings, turn to the right in No. 3.

 b.  If your head turned to the left produced the most 
uncomfortable feelings, turn to the left in No. 3.

 3.  Rapidly lie down in the bed turning your head to the above 
position, with your shoulders positioned on the pillow and 
your head touching the bed.

 4. Remain in that position for 1 minute.
 5.  Turn your head 90 degrees toward the opposite side (45 degree 

angle but to the other side) without raising your head.
 6. Remain in that position for 1 minute.
 7.  Turn your head 90 degrees further in the direction you are 

presently turned (so you will be looking down at an angle), 
and move your body as necessary.

 8. Hold this position for 1 minute.
 9. Sit up in this manner:

 a. keep facing the direction your head was turned
 b. hang feet off the bed
 c.  place your chin on your chest throughout the sitting up 

motion
10. Remain in that sitting position for 1 minute.
11.  Do not lie flat for 24 hours. A semirecumbent position is 

best (recliner position).
12. Assume normal activity after 24 hours.

Patient Education: Self-treatment of Dizziness
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Child with Ear Pain
KAREN M. STEELE AND MIRIAM V. MILLS58

K E Y  C O N C E P T S
■ Pediatric ear pain can be caused by diseases and processes both within the ear structure, and referred to the ear 

from distant structures.
■ Structural, environmental, genetic, ethnic, and other factors predispose some children to be “otitis-prone.”
■ Osteopathic manipulative treatment (OMT) has been shown clinically to be complementary to routine medical care 

of pediatric ear pain, including acute otitis media.
■ Suggested OMT protocols include the treatment of biomechanical, respiratory-circulatory, neurological, 

biopsychosocial, and metabolic aspects of the pediatric patient.
■ The OMT of children differs from that of the adult.

REVIEW OF SYSTEMS
General:
The child’s mother states that “she just hasn’t been herself.” She 
is more irritable than usual and having trouble sleeping.

Respiratory:
She has been congested for about a week with alternating stuffy 
and runny nose. There has been no coughing, wheezing, or 
blueness about the lips or fingers.

Gastrointestinal:
Her appetite has been decreased since she became congested 
although she is taking fluids appropriately. There has been no 
diarrhea.

PHYSICAL EXAMINATION
Vital Signs:
Temperature 102°F, respirations 30, pulse 105

General:
The child is well hydrated but seems in obvious pain.

HEENT:
There is no evidence of tenderness with movement of her pinna 
or palpation over her jaw or face. Her right tympanic mem-
brane (TM) is dull and inflamed, with a fluid level of yellow pus 
visualized behind the TM. The left TM is retracted but pearly, 
and neither TM moves. There is minimal white-yellow nasal 
drainage, and her throat shows mild redness, but no exudates. 
Her 2-year molars are erupting. Neck is supple, with mild ante-
rior cervical lymphadenopathy.

Lungs:
Chest is clear to auscultation, and breathing is unlabored.

Heart:
Heart is normal sinus rhythm without murmur or gallop.

Abdomen:
Abdomen is soft and without organomegaly or masses.

Musculoskeletal:
Extremities show no cyanosis, clubbing, or edema, and pulses 
are normal.

CASE VIGNETTE

DW is a 2-year-old Native American female with a history of 
three prior ear infections in the last 12 months, who presents 
with irritability, pulling at her right ear and fever to 102°F for 
the past day. Her appetite and usual activity level are decreased. 
She had a mild upper respiratory infection the previous week, 
which was getting better until these symptoms presented. Her 
most recent ear infection, which responded to azithromycin, 
was 2 months prior, and was followed by documented normal 
tympanograms.

Past Medical History:
Her first ear infection was at 6 months of age, soon after she 
began attending day care. She has had no other serious illnesses 
or hospitalizations.

Birth History:
She was delivered via assisted suction extraction to a primi-
gravida mother. She breast fed only for a week, due to poor 
suck, and required several formula changes during her first few 
months because of frequent vomiting. Also during her first few 
months, she had episodes of unexplained irritability lasting up 
to three hours, usually in the evening, which resolved by four 
months of age.

Developmental History:
Her development has been appropriate for age. Immunizations 
are up to date.

Allergies:
She has no known allergies to medications or food.

Social History:
She lives at home with her mother who is single and works at 
the day care center where the child attends. Mother smokes, 
but states she doesn’t smoke around the child.

Family History:
There are no contributory inherited diseases, except that the 
mother has a history of frequent ear infections as a child, 
requiring placement of ventilation tubes.
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Neurological:
Neurological exam is intact for cranial nerves (CN), strength, 
reflexes, and sensation.

Osteopathic Structural Examination:
There is compression of the cranial base with right temporal 
bone internally rotated and compression of the occipitomas-
toid suture on the right. There is suboccipital muscular tension 
and the occipitoatlantal joint is extended. The thoracic inlet is 
rotated right and the abdominal diaphragm is rotated left, with 
lower ribs held in exhalation. The pelvis shows compression of 
the right sacroiliac area.

Laboratory
Rapid strep test is negative.

a fungal infection of the skin of the external ear, accounts for 
approximately 10% of otitis externa in the United States.

Foreign bodies in the EAC in children are commonly seen in 
the primary care clinic and emergency department. Most can be 
removed under direct visualization and without general anesthesia 
(Ologe et al., 2007). Impacted cerumen has also been associated 
with pediatric ear pain. Impacted cerumen may need a few days of 
softening with an over-the-counter agent prior to in-offi ce removal 
with a curette. While there is no osteopathic manipulative treat-
ment (OMT) generally indicated in the treatment of otitis externa 
and foreign bodies in the middle ear, the reader may be interested 
in a dissertation by Andrew Taylor Still in his Philosophy of Osteopa-
thy (1899) regarding the signifi cance of ear wax in diseases of the 
head and neck. In it, Dr. Still hypothesizes how ear wax production 
may be infl uenced by blood fl ow to the external ear canal, which is 
regulated by autonomic innervation, and how impairment of blood 
or lymph fl ow to and from the canal could be related to underlying 
somatic dysfunction.

Mastoiditis

Mastoiditis is a rare, but serious, complication of bacterial acute 
otitis media (AOM). Since the mastoid air space is continuous with 
the middle ear through the aditus ad antrum mastoideum, infec-
tion in the middle ear can spread to the mastoid air cells. Likewise, 
medical treatment of the AOM generally also treats any infection 
in the mastoid air space. The incidence of mastoiditis and other 
intracranial complications of AOM has been approximately 0.24% 
since the advent of routine antibiotic use in the 1960s. Recently, 
however, the incidence has been increasing due to emergence of 
resistant bacterial strains (Wetmore, 2007). Optimum treatment 
of mastoiditis requires early detection and prompt antimicrobial 
treatment. Complications of acute mastoidits include periosteitis, 
acute mastoid osteitis, and intracranial infection.

The addition of OMT in the treatment of mastoiditis should be 
limited to treatment designed to improve functioning of the lymphatic 
system, and no direct treatment of the head and neck should be per-
formed until the mastoid infection is under control. Such a treatment 
could include myofascial release of the thoracic inlet and abdominal 
diaphragm, and rib raising (respiratory-circulatory model).

Barotrauma

Barotrauma is due to rapidly changing pressures against the TM 
that cannot be adequately accommodated, leading to ear pain 
(Bluestone and Klein, 2001; Buchanan et al., 1999). This is most 
commonly seen in descent when fl ying in airplanes, when the dys-
functional eustachian tube (ET) is not able to open spontaneously 
or with yawning or swallowing, to equilibrate the relative negative 
middle ear pressure. Crying commonly opens the ET, via pull of 
the tensor veli palatini muscle. Persistent barotitis may result in 
high negative middle ear pressures and development of effusion. 
Interestingly, when middle ear effusion (MEE) is present, barotitis 
is less likely (Bluestone and Klein). Pretreatment before fl ying with 
decongestants has been recommended, although some literature 
indicates its usefulness is limited (Buchanan et al., 1999).

If the parent has been trained in the Galbreath mandibular 
drainage, doing this procedure during descent when fl ying in an air-
plane may assist the child in equilibrating the middle ear pressure, 
and hence reduce the pain. Treatment of the underlying ET dysfunc-
tion is the recommended means of preventing barotitis. Anatomical 
and functional changes during maturation of the cranial base and 
ET make barotitis less likely as the child ages. (For a discussion of 

DIFFERENTIAL DIAGNOSIS

The causes of ear pain in children are more numerous than many 
would imagine. Ear pain can arise from the ear structures them-
selves (primary etiology), including the external, middle, or inner 
components, or from a nonotogenic origin (secondary, or referred 
otalgia), usually resulting from the complex sensory afferent inner-
vation of the ear, which also provides innervation to a wide variety 
of other structures, many noncontiguous to the ear. While otitis 
media is reported to be one of the most common reasons that 
children visit their physicians (Wetmore, 2007), the actual fre-
quency of this diagnosis as a cause of otalgia may range from as 
low as 11% (Ijaduola, 1985) to 46% (Ingvarsson, 1982). Secondary 
causes of otalgia are seen in 22% (Ijaduola) to 44% (Ingvarsson) 
of children and in as many as 50% of adults (Shah and Blevins, 
2003).

Primary Otalgia

Primary otalgia can arise from the external ear (otitis externa or 
mastoiditis) or middle ear (otitis media). Inner ear disease usually 
does not result in otalgia, due to the nature of its innervation. (See 
discussion of neurological model in pediatric ear pain.)

Otitis Externa

External ear pain is usually from one of two causes: otitis externa or 
a foreign body in the ear. Otitis externa can be subdivided into six 
distinct subgroups: (1) acute diffuse bacterial (swimmer’s ear), (2) 
acute localized (furunculosis), (3) chronic, (4) eczematous, (5) nec-
trotizing, and (6) fungal (Bruderly and Bojrab, 1996). All of these 
causes can give rise to exquisite ear pain, and treatment is based on 
the underlying cause. The primary cause of swimmer’s ear is a rise in 
the normal acidic pH of the external auditory canal (EAC), which 
allows for overgrowth of pathogenic bacteria. Furunculosis is usually 
secondary to trauma of pilosebaceous units in the superior posterior 
EAC with bacterial overgrowth. Chronic otitis externa is a thicken-
ing of the skin of the EAC from chronic low-grade infl ammation, 
leading to narrowing of the EAC with dryness, itching, cracking, 
and pain of the skin of the EAC. Eczematous otitis externa encom-
passes those dermatological conditions that predispose the EAC to 
infl ammation. Nectrotizing otitis externa is potentially life threat-
ening, and consists of an invasive bacterial infection of components 
of the external ear and adjacent structures, usually in an immune-
compromised patient. Funtally, fungal otitis externa, which is from 
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use, with recommendations for “wait and see prescription” or “safety 
net antibiotic prescription” for children who are not acutely ill. This 
protocol has substantially reduced the unnecessary use of antibiotics 
in children (Spiro et al., 2006). The management recommendations 
in this Clinical Practice Guideline are not to be applied to children 
with recurrent AOM within 30 days of antibiotic treatment or 
 otitis media with effusion (OME), or children with any underly-
ing condition that may alter the natural course of AOM, such as 
cleft palate, genetic conditions, immunodefi ciencies, and presence 
of cochlear implants. In cases of chronic MEE, which is often asso-
ciated with recurrent AOM, there are similar guidelines suggesting 
when to consider a surgical approach and when not (AAP Clinical 
Practice Guideline: Otitis Media With Effusion, 2004; Maw et al., 
1999). Antibiotic treatment has been shown to be more benefi cial 
in children aged less than 2 years with bilateral AOM, and in those 
with both AOM and otorrhea (Rovers et al., 2006).

AOM becomes recurrent in about one third of children (Prell-
ner et al., 1991). Consequently, one third of children are receiving 
frequent treatments with antimicrobials, leading to drug sensitivi-
ties and reactions and antimicrobial resistance, as well as signifi cant 
cost. When recurrent infection leads to persistent middle ear fl uid 
of 3 months or more duration, and hearing loss is documented, sur-
gery is recommended to drain the middle ear of the fl uid (American 
Academy of Pediatrics Clinical Practice Guideline: Otitis Media 
With Effusion, 2004). The recommended surgery performed 
for this reason is tympanostomy with tube placement, which has 
become the most common surgery performed in children in the 
United States beyond the newborn period, second only to new-
born circumcision (Paradise et al., 2001). Evaluation of long-term 
benefi ts and sequelae of this procedure on children younger than 
age three with asymptomatic MEE is calling to question whether 
three months wait for spontaneous resolution of documented MEE 
before surgery is suffi cient (Paradise et al., 2007).

It is known that the greatest risk of developing AOM is after a 
viral upper respiratory infection. Therefore, prevention of the ini-
tial viral infection is one means of preventing a secondary bacterial 
AOM. Clinical trials have generally shown improvement in recur-
rence rates of AOM in children immunized for infl uenza (Belshe 
et al., 1998; Clements et al., 1995; Hoberman et al., 2003), and 
the Centers for Disease Control now recommends immunization 
of healthy children at age six months for infl uenza and annually 
thereafter. Also recommended are immunizations for Haemophilus 
infl uenzae type b and pneumococcal vaccine beginning at age two 
months. (Center for Disease Control, 2008) Prolonged antibiotic 
prophylaxis was once a common practice, but its effect is small and 
the practice is now discouraged because of the risk of developing 
antibiotic-resistant bacteria (Wetmore, 2007).

While there are no recommendations for any complemen-
tary or alternative treatments for AOM in the 2004 Guidelines 
“based on limited or controversial data” (American Academy of 
Pediatrics Subcommittee on Management of Acute Otitis Media, 
2004), osteopathic physicians have long reported favorable clini-
cal outcomes in children treated with OMT in addition to stan-
dard medical care. In 1928, Galbreath reported on application of 
manipulation to the jaw for the treatment of “catarrh” (congestion) 
of the ear in the Journal of the American Osteopathic Association. 
Various case reports and practice guidelines advocating the use of 
OMT for the treatment of otitis media have been published in 
the osteopathic literature since that time (Bezilla, 1997; Carreiro, 
2003; Centers et al., 2003; Frymann, 1998; Heatherington, 1995; 
Magoun 1996; Pintal and Kurtz, 1989). There are two clinical stud-
ies in the literature, which were published after the period of review 
of articles utilized for the 2004 Clinical Practice Guidelines and 

the rationale for osteopathic treatment to improve ET functioning, 
please see “The Cranial Base and the Eustachian Tube.”).

Otitis Media

Of all of the causes of pain originating from the middle ear, otitis 
media is by far the most common. AOM is the infl ammation or 
infection of the air-fi lled middle ear space. It is a signifi cant world-
wide problem commonly affecting children between six and 18 
months, and is the most frequent reason for childhood illness visits 
to a physician in the United States (Bluestone and Klein, 2001). 
The middle ear is an air-fi lled space that transmits sound vibra-
tions from the TM to the inner ear, where sound is recognized. 
AOM is usually accompanied by development of fl uid (effusion) in 
the middle ear during the infl ammatory process. When the middle 
ear space is fi lled with fl uid, the ability of the TM to vibrate and 
transmit sound is impaired. In 70% of children, this fl uid persists 
for 2 weeks after the onset of middle ear infection, and in 40% of 
children, fl uid is still present at 1 month (Bluestone and Klein). 
Persistent MEE is the sequela of AOM for which there is as yet no 
widely accepted medical treatment supported by the literature.

The cost of providing care for this prevalent disease is stagger-
ing. The annual medical and surgical cost for the treatment of otitis 
media was estimated to be $5.3 billion in 1998 (Bondy et al., 2000). 
This estimate did not include social costs, such as lost workdays of 
caregivers and the costs for speech therapists and learning assistance. 
A 2001 report in the Journal of Managed Care Pharmacy estimated the 
cost of one episode of AOM to be $483 and the cost for treatment of 
recurrent AOM including treatment with antibiotics and the even-
tual insertion of tympanostomy tubes to be $3,683 (Pill, 2005). This 
cost is borne not only by families of the child, but also society.

Certain children have been described as more “otitis prone.” 
This is thought to be related to age (<3 years old), male gender, 
family history of ear infections, presence of older siblings or smok-
ers in the home, not being breast fed, and attendance in day care 
(Bluestone and Klein, 2001; Wetmore, 2007). Children who have 
their fi rst ear infection before 6 months old tend to have recurrent 
infections. Racial differences in incidence of otitis may be related to 
variations in cranial base morphology (see Biomechanical consid-
erations; cranial base). Children in developing countries, children 
with poor nutrition, and those in lower socioeconomic groups also 
have more severe and persistent episodes (Lasisi 2007). Pacifi er 
use has been documented to be associated with more episodes of 
otitis, as well as prone sleep position (Rovers et al., 2008; Sexton, 
2008; Tully et al., 1995). The seasonal incidence of otitis follows 
the increased frequency of upper respiratory infections in general.

The diagnosis and management of uncomplicated AOM in 
children from two months through 12 years of age was clarifi ed in 
2004 by the publication of a Clinical Practice Guideline from the 
American Academy of Pediatrics (AAP) and the American Acad-
emy of Family Physicians (American Academy of Pediatrics Sub-
committee on Management of Acute Otitis Media). This guideline 
states that diagnosis of AOM requires: (1) a history of acute onset 
of signs and symptoms (e.g., fever, irritability, ear pulling), (2) the 
presence of middle-ear effusion (confi rmed by decreased mobility 
of the TM), and (3) signs and symptoms of middle-ear infl amma-
tion. These three requirements are further defi ned in that docu-
ment. The usual treatment for AOM is antimicrobial, although 
it is recognized that some portion of these infections are viral in 
origin. Criteria for initial antibacterial treatment versus observa-
tion are stratifi ed by age (<6 months, 6 months to 2 years, and 
>2 years), diagnostic certainty, illness severity, and assurance of 
follow-up. These protocols give a structured approach to antibiotic 
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a child with ear pain has a normal exam of the TM, the practitioner 
must take into consideration the neuroanatomy of the extensive 
sensory innervation of the ear arising from six nerve roots, which 
share common neuronal pathways with many other structures in 
the head, neck, and thorax.

Ingvarsson (1982) emphasizes that otitis media is both over-
looked and overdiagnosed. In general, young children may not ver-
balize or localize pain very accurately, and will frequently point to 
the ear when experiencing teething pain, if they have experienced 
ear pain in the past. If a complete examination of the external and 
middle ear structures, and careful history relating to hearing and 
balance functions do not point to an etiology relating to the ear 
structures themselves, it is important to consider the more com-
mon etiologies of referred pain, with particular attention to the 
more rare but insidious presentations of malignancy. A complete 
head and neck exam should include the nose and nasal cavities, oral 
cavity, pharynx (particularly teeth and tonsils), the temporoman-
dibular joint, and the nasopharynx and larynx, which may require 
fi beroptic endoscopy. Dental appliances should be removed if pos-
sible to allow for a complete examination, keeping in mind that 
the appliances themselves may be causing nerve irritation resulting 
in referred pain. Radiologic imaging may be necessary to rule out 
abscess or tumor (Teitelbaum et al., 2004).

Relevant features of the history and physical fi ndings will be 
highlighted in each descriptive section of the following more com-
mon etiologies. The following discussion will focus more on chil-
dren, but the relative frequency of similar presentations in adults 
will be mentioned.

Sinusitis

Acute sinusitis is the fi fth most common diagnosis for which anti-
biotics are prescribed (Fagnan, 1998). The diagnosis is based in the 
patient’s history of a biphasic illness (“double sickening”), purulent 
rhinorrhea often associated with fever which fi rst clears and then 
returns, maxillary toothache, pain on leaning forward, and pain 
with a unilateral prominence. The symptoms overlap with simple 
upper respiratory infections, of which young children have an aver-
age of six to eight a year. The duration of the illness is a helpful 
clue. Foreign bodies should be ruled out with examination of the 
anterior nasopharynx, and adenoid hypertrophy can be excluded 
with a lateral neck radiograph. Otherwise, radiologic imaging is 
not considered necessary for diagnosis and can be misleading in 
children, as they commonly have asymmetric sinus development. 
A basic evaluation of ocular and neurologic function is necessary to 
rule out potential complications. OMT is often helpful in relieving 
the symptoms and enhancing recovery by balancing the autonomic 
stimulation to the area (neurologic model), stimulating lymph 
drainage (respiratory-circulatory model), and alleviating the under-
lying predisposing structural components (biomechanical model).

Pharyngitis and Infections of Other Proximal 
Structures

Pharyngitis, aphthous ulcers, stomatitis, gingivitis, glossitis, and 
sialadenitis (infl ammation of a salivary gland, which may be associ-
ated with obstruction of the duct or infection), including parotiditis 
(particularly mumps) may also present as otalgia. Older children and 
adults may also present with abdominal pain or headache. Chronic 
tonsillitis may be associated with debris within the tonsillar crypts 
called tonsillitis. Children account for one third of all episodes of 
peritonsillar abscesses, and it is usually due to group A b-hemolytic 
streptococcus, and is associated with fever, dysphagia, and voice 

which demonstrate improved outcomes in children with recurrent 
AOM who receive OMT in addition to standard medical care 
(Degenhardt and Kuchera, 2006; Mills et al., 2003).

Miriam Mills, M.D., and others published a clinical trial in 
2003 on 57 subjects, reporting on the effi cacy of OMT as adjunc-
tive treatment in recurrent AOM. This was a prospective, random-
ized, blinded, controlled, multicenter clinical trial with two study 
groups: standard care plus OMT and standard care alone. Those 
subjects who received standard care plus OMT for otitis media 
demonstrated the following signifi cant fi ndings in comparison to 
standard medical care alone at 6-month follow-up:

1. Fewer episodes of AOM (p = 0.04)
2. Fewer ENT surgeries (p = 0.03)
3. More surgery-free months (p = 0.01)
4. More normal tympanograms over 6 months (p = 0.02)

The Mills study demonstrated a signifi cant improvement in clini-
cal outcomes in children with recurrent AOM and persistent MEE 
who were treated with OMT in addition to their standard medical 
care, as compared to children receiving standard care only for treat-
ment of recurrent AOM.

Degenhardt and Kuchera (2006) administered OMT weekly 
for 3 weeks to eight children, ages 7 to 35 months, with a history of 
recurrent otitis media, and then followed these subjects for 1 year. 
Their results showed that fi ve subjects (62.5%) had no recurrence 
of symptoms during the year follow-up, one had a bulging TM, 
one had four episodes of otitis media, and one had surgery after 
AOM recurrence at 6 weeks post treatment. In addition to reduc-
tion of recurrence of otitis media, OMT has also been observed 
to provide immediate improvement in middle ear functioning in 
children as measured by tympanograms before and immediately 
after OMT (Carreiro, 2003).

OMT in children with AOM is directed toward structural 
impediments to optimum functioning (biomechanical model); 
improvement of middle ear drainage (respiratory-circulatory model); 
reduction of compression neuropathies affecting functioning of the 
oropharynx and upper gastrointestinal system and causing pain 
(neurological model); improvement of the environment in which 
the child lives (biopsychosocial model); and reducing the stress of 
infection and hearing impairment so the child can exist in his or her 
environment with greater functionality and contentment (bioener-
getic model). (For a discussion of specifi c osteopathic techniques for 
each of these goals, please see the discussion of each model below.)

Secondary Otalgia

Ijaduaola (1985) describes the most common causes of secondary 
otalgia in children as tonsillitis (21% of all otalgia), foreign body in 
the pharynx (5%), and foreign body in the nose (2%). Ingvarsson 
(1982) describes that in children, ear pain not specifi cally involving 
infection of the ear is still often associated with upper respiratory 
congestion, and may be related to the discomfort of swallowing, 
nasal obstruction, fever, teething, or moderate hearing loss. The 
aphorism that “more things are missed by not looking than by not 
knowing” rightly applies in the evaluation of otalgia (Leung et al., 
2000). The myriad of pathologies that can present with pain in 
the ear are complex and occasionally sublime, ranging from ectopic 
facial hair in the oropharynx (Papay et al., 1989) to fi bromyalgia 
(Goldenberg, 1987; LeLiever, 1990) from ascariasis (LaGrone, 
1977) to thyroiditis (Slatosky et al., 2000), and from eccrine spi-
radenoma (Nadig et al., 2004) to subdural hematoma (Zaidat and 
Ubogu, 2002). Even Munchausen syndrome in a 13-year-old boy 
has been reported to present as ear pain (Leung et al., 2000). When 
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joint dysfunction (TMD), but the latter is not uncommon, and 
should be considered in children who have intermittent unilateral 
otalgia of three or four days’ duration and whose exam and ear 
functioning are normal. Shah and Blevins (2003) noted that as 
many as 48% of patients with TMD presented with otalgia.

TMD is characterized by temporomandibular joint (TMJ) 
tenderness on palpation, restricted motion of the jaw, which is fre-
quently accompanied by “clicking,” and is often unilateral, more 
pronounced in the morning, and aggravated by chewing or biting. 
The ear pain may be related to nerve irritation, muscle spasm, or 
degenerative changes in the joint. The pain can be elicited by pal-
pating preauricularly, intraotically (with fi ngers pushing forward), 
or orally, palpating along the last molar, where the pterygoids con-
nect the maxilla to the mandible. It may be exacerbated by a pillow 
that is too high (Zenian, 2001). In children, the pain is usually due 
to muscle spasm and is often seen with a history of recent orth-
odontic treatment. Other causes of TMD include bruxism, dental 
malocclusion, jaw clenching, excessive gum chewing, and trauma, 
Lyme disease, and connective tissue disorders such as juvenile 
rheumatoid arthritis (Pertes, 1998).

Menner (2003) suggests that TMD is underdiagnosed because 
it may present with a somewhat abnormal-looking TM. Further-
more, chronic dislocation, ankylosis related to connective tissue 
diseases, and neoplasia must be considered in refractory cases and 
require more aggressive intervention (Kramer and Kramer, 1985; 
Leung et al., 2000; Shah and Blevins, 2003).

TMD often responds to OMT, especially when it relates to orth-
odontic treatment. In a child with a clear-cut recent history of minor 
head trauma involving the temporal bone such as a whiplash or fall 
on the chin, a brief trial of OMT might be warranted and may clear 
the symptoms completely. The OMT for TMD secondary to dental 
intervention or head trauma is specifi c for the somatic dysfunction 
found and commonly requires treatment of the head using osteopathy 
in the cranial fi eld (OCF) techniques. Examination and treatment of 
the child’s entire body is necessary following trauma in order to remove 
somatic dysfunction in areas distant to the head that are causing strain 
and impaired functioning of the TMD (biomechanical model).

Gastroesophageal Refl ux

Children presenting with otalgia secondary to gastroesophageal 
refl ux may be fretful and irritable. Irritation of the respiratory epi-
thelium of the larynx and pharynx by gastric acid stimulates CN 
IX and X. Other symptoms may include hoarseness, dysphagia, a 
sensation of a lump in the throat, chronic cough, or overt intermit-
tent wheezing. It can occur in the absence of typical symptoms of 
gastroesophageal refl ux such as heartburn and regurgitation. Direct 
irritation of the opening of the ET can cause swelling and contrib-
ute to middle ear pathology, and an association between recurrent 
AOM and GER has been suggested (Wetmore, 2007). Endoscopy 
may demonstrate evidence of infl ammation, and pH monitoring is 
considered the gold standard for diagnosis. It has been shown that 
in 60% to 90% of children with OME, gastric pepsin can be found 
in middle ear fl uid (Crapko et al., 2007; Tasker et al., 2002). This in 
itself may be a cause of ear pain (Gibson and Cochran, 1994) as 
well as a contributor to recurrent middle ear infection.

Compression of the cranial base is a common osteopathic fi nd-
ing seen in children with GERD. From the osteopathic perspec-
tive, this compression leads to impingement of the Vagus nerve 
resulting in ineffective closure of the lower esophageal sphincter 
and refl ux of stomach contents (Sergueef, 2007). OMT is often 
helpful in reducing the severity of the refl ux, using the whole-body 
approach. Impaired gastric emptying may occur from spasm of 

change. Although it is not likely to present with otalgia as an 
isolated symptom, it must be suspected to be found, especially in a 
nonverbal child, and may require surgical drainage. It must be differ-
entiated from neoplasia, which will more likely present with fl eshy, 
granular, or pale tissue (Wetmore, 2007). OMT for infections of the 
pharynx is used to improve lymphatic circulation and respiratory 
chest wall excursion (respiratory-circulatory model); reduce pain by 
relieving compression on CNs exiting the cranial base, especially 
the Vagus nerve (neurologic model); and reduce the muscle spasm 
of the upper cervical area that exacerbates pain and reduces mobility 
(biomechanical model). However, direct treatment to the infected 
areas of the head and upper neck area should not be performed until 
the infection is under control with medical management.

Viral infections of the mouth include rhinovirus, coxsackievi-
rus, mononucleosis, herpangina, herpes simplex gingivostomatitis, 
herpes zoster, measles, mumps, and aphthous ulcers. Human papil-
lomavirus may present as painless papillomatous lesions on the soft 
palate or uvula, and occasionally may undergo malignant transfor-
mation. Given the venereal component of this virus, its presence in 
a child might suggest sexual abuse. Herpes zoster may be accom-
panied by vesicles on the auricle, but intense otalgia may present 
weeks before they erupt. When this is associated with facial nerve 
palsy, it is called Ramsay Hunt syndrome, and may also involve 
hearing loss and vertigo. The ear pain may persist for weeks after 
the vesicles resolve. When facial paralysis is associated with vesicle 
eruption, the facial palsy is more likely to persist (Bluestone et al., 
2003; Leung et al., 2000; Shah and Blevins, 2003; Wetmore, 1997). 
While viral upper respiratory infections are usually self-limited, 
OMT is useful to reduce infl ammation of the tissues that may 
contribute to pain by promoting lymph and venous sinus drain-
age (respiratory-circulatory model) and relieving pressure on the 
associated nerves and ganglia (neurologic model).

Bacterial infections of the mouth such as gingivitis are some-
times associated with poor hygiene, poor nutrition, or immuno-
suppression. Ludwig angina refers to an acute bacterial infection 
of the fl oor of the mouth, associated with submandibular fullness, 
drooling, and voice change, and may progress without treatment 
to airway compromise. Parotiditis can be bacterial, as can infec-
tion of the submandibular glands, but are also associated with 
systemic symptoms rather than solely otalgia, and frank pus may 
be expressed from the associated salivary duct. Streptococcus pneu-
moniae and Staphylococcus aureus are usually implicated. Recurrent 
parotiditis may indicate an underlying collagen vascular disease 
(Charlett and Coatesworth, 2007; Wetmore, 1997).

Yeast infections in the mouth are common in infants and may 
be related to recent antibiotics in the child or mother of a nursing 
baby. It is obvious by inspection of the mouth and cheeks for whitish 
patches. Medical treatment is simple, and response is usually rapid.

Dental Problems, Including Temporomandibular 
Joint Dysfunction

Pain from tooth eruption, caries, impacted teeth, gingivitis, and 
periapical infections may all be referred to the ear, and can usually 
be diagnosed by thorough visual inspection of the mouth. Carious 
teeth may be associated with sensitivity to hot or cold temperatures, 
which may persist after the evoking stimulus is removed. Caries are 
initially seen as a white spot of the tooth, which changes to a brown 
color as cavitation progresses. Abscess presents with more systemic 
symptoms and swelling. Trauma to the mouth and teeth is common 
in children, who tend to run with things in their mouths and fall 
down, often unnoticed by a parent. Tooth eruption as an etiology 
of otalgia is more common in children than is temporomandibular 
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lesions, such as a subdural hematoma, may also trigger otalgia 
(Zaidat and Ubogu, 2002; Charlett and Coatesworth, 2007), and 
a case of heparin-induced thrombocytopenia involving near total 
occlusion of the internal jugular and subclavian veins, secondary 
to placement of a hemodialysis catheter, has also been described 
(Marinella, 2007). Determining the exact location of the pain may 
give an indication to the site of the disease (see neurological model 
considerations in pediatric ear pain).

Diagnosis

The diagnosis in this case is AOM, either from a viral or bacterial 
etiology. This child demonstrates an increased susceptibility to ear 
infections due to numerous factors:

1. Age and ethnicity-related anatomical and physiological func-
tioning of the middle ear and auditory or ET (biomechanical 
model)

2. A history of stress on the fetal head during delivery (biome-
chanical model)

3. Exposure to other children at day care and exposure to passive 
cigarette smoke at home (biopsychosocial model)

4. Presence of somatic dysfunction of the head, neck, and torso 
impairing clearing of the middle ear (respiratory-circulatory 
model)

5. Presence of somatic dysfunction of the cranial base, causing pain 
in the head area, and compression of CNs controlling the feeding 
process leading to autonomic dysfunction (neurological model)

Osteopathic Patient Management

DW has a history of feeding diffi culties and presumed colic, which 
would lead the osteopathic physician to conclude that the somatic 
dysfunction diagnosed today has been present since birth, and has 
contributed to feeding disorders and a longstanding impairment 
of middle ear functioning. In addition to standard medical care of 
this child, the addition of OMT to her care is provided with the 
goal of hastening recovery and reducing the chance of recurrence 
of middle ear infection

Dr. Viola Frymann (1998) wisely notes that “…the identifi ca-
tion of otitis media … is only the beginning. A comprehensive 
diagnosis of the child who suffers from the disease is essential if 
the etiologic factors… are to be recognized and addressed.” The 
following discussion will review the biomechanical factors affect-
ing middle ear function and dysfunction, and the appropriate use 
of OMT in the treatment of middle ear disease in children.

Biomechanical model

The Cranial Base and the Eustachian Tube
Middle ear disease has long been considered to be related to ET dys-
function (Bluestone et al., 2003). Under normal conditions, the ET 
fl uctuates between a patent and closed position. Middle ear pressure is 
equilibrated with atmospheric pressure through the periodic openings 
of the ET that occur with swallowing and other activities. In children, 
middle ear pressures are slightly negative compared to adults (Blue-
stone and Klein 1996), and most children, even those without middle 
ear disease, have diffi culty in maintaining appropriate pressures. The 
ability to maintain appropriate pressures appears to be related to 
the stiffness of the ET. The fact that the tube is relatively pliable in 
children is thought to be responsible for the increased incidence of 
middle ear disease in this age group (Bylander, 1980; Bylander and 
Tjernstrom, 1983). Defi cits in ET function impede normal drain-
age to the nasopharynx (Takahashi et al., 1989) and create a negative 

the abdominal diaphragm, and can be treated with indirect and 
direct myofascial techniques (biomechanical model). Soft tissue 
techniques to the upper cervical area reduce impingement of cervi-
cal nerves 3 to 5 innervating the diaphragm, and occipital decom-
pression techniques reduce compression on the Vagus nerve as it 
exits the jugular foramen, resulting in improved lower esophageal 
sphincter functioning and reduction of pain mediated via the Vagus 
nerve (neurologic model).

Headaches and Other Cervicofacial Pain Syndromes

Migraine headaches, which are considered to be related to neu-
rogenic infl ammation with secondary cerebrovascular changes 
(Pertes, 1998), are usually characterized by a throbbing or pound-
ing, often unilateral headache, accompanied by nausea, vomiting, 
and photophobia, with an aura frequently preceding the headache. 
Otalgia may be a nondominant symptom (Leung et al., 2001). 
Tension headaches may be either episodic or chronic, and may 
trigger migraine-type symptoms. Boes et al. (1998) describe two 
cases of paryxysmal hemicrania manifested solely by otalgia with a 
sensation of external acoustic meatus obstruction. Trigeminal neu-
ralgia and glossopharyngeal neuralgia may refer primarily to the 
ear, and has been found on occasion to be associated with multiple 
sclerosis and Charcot-Marie-Tooth neuropathy (Manzoni and 
Torelli, 2005). OMT of migraine headaches is commonly provided 
between headache episodes and is designed to reduce the intrac-
ranial strains that contribute to the frequency and intensity of the 
headaches. Relief of pressure on the involved intracranial ganglia 
with OCF is often helpful (Magoun, 1996). (neurologic model).

Yount (2004) reviews atypical earaches and otomandibu-
lar symptoms, with reference to Travell’s trigger points (Simons 
et al., 1999) and emphasizes how central sensitization incorporates 
several different sources of pain (undiagnosed pain, “piggy-back” 
pains, frequent recurrent pains, and chronic pains) to induce ana-
tomical, neurochemical, and physiological changes in the nervous 
system that may confound accurate diagnosis. Forward head pos-
ture, especially when accompanied by forward shoulder position, 
has been associated with development of trigger points, or with 
occipital neuralgia (Pertes, 1998). The areas that frequently refer 
pain to the ear include the lateral pterygoid, the deep masseter, 
the clavicular sternocleidomastoid, the medial pterygoid, and the 
suboccipital muscles. OMT targeted to dysfunctions of the head 
and neck area, and postural treatment and education are commonly 
helpful (biomechanical model). OMT without postural realign-
ment and reeducation will generally not provide long-term relief.

Thyroiditis

Thyroiditis, including chronic lymphocytic thyroiditis (also known 
as Hashimoto thyroiditis), may present with ear pain before a goiter 
is noticed. Symptoms of hyper- or hypothyroidism may not pre-
dominate initially. It is seen more commonly in adults, but is the 
most common cause of sporadic goiter in children, and its incidence 
is rising. Subacute granulomatous thyroiditis is more commonly 
associated with pain, which may be referred (Slatoksy et al., 2000).

Regarding benign space occupying lesions, one series of patients 
with acoustic neuromas found that 4.2% presented with ear pain 
(Charlett and Coatesworth, 2007). Branchial cleft cysts, dermoid 
cysts, and thyroglossal duct cysts may present with ear pain, and 
usually make their presence known in the fi rst decade of life. 
A case report of cervical spine meningioma presenting as otalgia, 
but was associated with progressive neurological defi cits over a 
prolonged time, has also been described, though not in children 
(Danish and Zager, 2005). Stretching of the dura by a nonneoplastic 
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It is noteworthy that the timing of the decline in frequency 
of ear infections, about 6 years of age, seems to coincide with the 
maturation of the cranial base and adjacent structures (Carreiro, 
2003). The relationship of the tube to other contiguous structures, 
particularly the tensor veli palatini, the levator veli palatini, and 
the saplingopharyngeous muscles, and the difference between the 
characteristics of the cartilage between children and adults, may 
contribute to biomechanical forces acting upon the ET in young 
children (Carreiro, 2003). The medial bundle of the tensor veli 
palatini muscle lies immediately adjacent to the lateral membra-
nous wall of the ET, and when contracted, opens the tube. This 
muscle curves around the hamulus of the medial pterygoid plate 
of the sphenoid and attaches to the posterior margin of the hard 
palate. In children with cleft palate, its function is less than opti-
mal. In infants, the angle of this muscle to the tube is more acute 
placing it closer to the middle ear. When contracted, the tensor 
veli palatini may actually distort the ET rather than effectively 
open it (Bluestone et al., 2003). Spasm of this muscle, which is 
comparatively large compared to the tube in infants, may con-
versely cause the tube to be patulous, leaving it vulnerable to infl ux 
of pharyngeal organisms. Carreiro (2003) also suggests a possible 
contribution of the medial pterygoid muscle, which is compara-
tively bulkier in the infant, to extrinsic compression on the ET in 
contraction. Figures 58.1 to 58.3 demonstrate the relationship of 
these structures.

pressure within the middle ear as compared to atmospheric pressure. 
The resulting negative pressure may promote insuffl ation, aspiration, 
or refl ux of nasopharyngeal secretions into the middle ear.

Within the biomechanical model, ET dysfunction is thought 
to be infl uenced by mechanical dysfunctions of the cranial base or 
the surrounding tissues. The child’s cranial base and ET differ ana-
tomically and physiologically from those of the adult in ways that 
make them more vulnerable to otitis media. At birth, the temporal 
bone is in three parts: the squamous portion, the petrous portion, 
and the tympanic ring, joined by cartilage (Carreiro, 2003). The ET 
travels through the petrous portion of the temporal bone, emerging 
into a cartilaginous sheath, closely adherent to the base of the skull, 
nestled between the greater wing of the sphenoid and the petrous 
portion of the temporal bone, emerging into the posterior pharynx 
at the posterior edge of the medial pterygoid plate of the sphenoid. 
The juncture, between the osseous and the cartilaginous portions, 
resembles two “truncated cones,” narrower than both portions of 
the adjacent tube. The tube is lined with pseudostratifi ed columnar 
epithelium of the ciliated type, continuous with the lining of the 
tympanic cavity and nasopharynx at each end. It is also tethered 
at each end by fi brous attachments, at the posterior end extend-
ing into the osseous portion by approximately 3 mm, and at the 
anteromedial end, the cartilage protrudes into the nasopharynx 
with fi brous bands attaching it to a tubercle on the posterior edge 
of the medial pterygoid plate (Bluestone et al., 2003).

Figure 58-1 Photograph showing location of ET 
between petrous portion of the temporal bone and 
the basisphenoid. (Used with permission, Willard and 
Carreiro Collection.)
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pharyngeal wall. In the infant, the cartilaginous tube lies at a 
10 to 30 degree angle from the horizontal in relation to the osseous 
portion, although in adults, it is increased to 45 to 50 degrees 
(Bluestone and Klein, 2001; Carreiro, 2003). At the same time, 

Other differences between the adult and the pediatric ET include 
the fact that the infant’s tube is more compliant (and therefore more 
fl oppy), smaller in diameter, and shorter in length. There is also a 
difference in the relationship of the ET as it enters the posterior 

Figure 58-2 Interior view of 
relationship of ET to adjacent 
structures in the adult. (Used by 
permission, Ward RC, Ed. Foun-
dations for Osteopathic Medicine. 
2nd Ed. Philadelphia, PA: Lippin-
cott Williams & Wilkins, 2003.)

Figure 58-3 A. Lateral view of neonatal dissection. The mandible and zygoma bones have been cut and the 
muscles of mastication removed. The TM has collapsed, revealing the middle ear (ME) and malleus. The styloglossus 
(StG) and stylohoid (StH), orbicularis oculii (ORbOc), mandibular branch of the trigeminal (V3) and greater wing of the 
sphenoid (GWSph) are labeled. (Used with permission, Willard & Carreiro Collection.) B. Close-up of area indicated 
by the arrow in (A). The lateral aspect of the temporal bone has been drilled away to reveal the ET surrounded by the 
tensor veli palatine (TVP) and levator veli palatini (LVP) muscles. Note the relative size of the muscles as compared to 
the ET. The middle ear (ME), styloglossus (StG), stylohoid (StH), greater wing of the sphenoid (GWSph), and ophthal-
mic branch of the trigeminal nerve (V3) are labeled. (Used with permission, Willard & Carreiro Collection.)
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the middle ear, drainage of the tube, and fl uid fl ow through its 
lymphatic and venous channels. In the newborn, the structures of the 
cranial base are somewhat malleable, allowing for passage through 
the birth canal and for the rapid growth (doubling in size) of the 
head in the fi rst year of life. This same malleability makes the cranial 
base vulnerable to compression or distortion during delivery.

Pilot studies suggest that osteopathic manipulative medicine, 
and specifi cally OCF, may be relevant in treating patients with oti-
tis media and serous otitis media (Degenhardt, 2006; Mills, 2003). 
Figure 58.2 shows a child receiving OMT in the form of OCF, for 
treatment of AOM, with the parent nearby.

Using chart analysis, Carreiro (2003) describes somatic dys-
function of the vault often associated with biomechanical strains in 
the cranial base and venous sinus system. She hypothesizes that the 
vault fi ndings are probably secondary and recommends normal-
izing the base mechanics fi rst. Magoun (1996) describes a number 
of techniques that may be used in infants and children to facilitate 
function of the ET and the surrounding tissues.. These techniques 
are used to promote more physiologic functioning of lymph, blood, 
and nerves in the head. While there have been rare reports of seri-
ous adverse events in children treated with high-velocity thrust 
chiropractic spinal manipulation (Ernst, 2003), the gentle tech-
niques recommended for OMT in children (Bezilla, 1997) have 
been shown to be well tolerated by children, with few side effects 
and no serious adverse events reported (Hayes and Bezilla, 2006).

Respiratory-circulatory Model

“It is important to have perfect drainage, for without it, the good 
results from a treatment cannot be expected to follow your efforts 
to relieve diseases above the neck” (Still, 1899).

The middle ear is continuous with the posterior pharynx via 
the ET, and with the mastoid air cells via the narrow aditus and 
antrum. Ideally, it is fi lled only with air and serves to transmit 
sound waves from the TM to the fenestra vestibuli and the eighth 
CN. Because of various factors, primarily associated with ET dys-
function, the middle ear may become fi lled with fl uid. If the fl uid is 
not drained naturally, surgery may be considered. OMT may pro-
vide a means of facilitating the natural drainage of the middle ear, 
thereby potentially averting recurrence of infection, antimicrobial 
resistance, and even surgery (Mills, 2003).

The body has many natural mechanisms to ensure drainage of 
the middle ear, so that an air-fi lled space can be maintained. These 
include a dense lymphatic and venous network, and the natural 
pumping mechanisms associated with sucking and swallowing. 
William Sutherland, D.O. (Magoun, 1996), described another 
mechanism, a rhythmic motion in the tissues of the cranium 
occurring 10 to 14 times/min. He hypothesized that this rhyth-
mic motion in the cranial tissues acted to facilitate ET functioning. 
Some osteopaths have reported an association between impair-
ments in this “cranial rhythmic motion” and otitis media (Degen-
hardt and Kuchera, 1994; Frymann, 1966; Mills, 2003). Within 
the respiratory-circulatory model, chewing, crying, and sucking 
infl uence venous and lymphatic structures in the head and neck 
facilitating tissue perfusion and drainage. In addition, neck move-
ments are thought to provide intermittent tensile forces on the ET 
and surrounding structures infl uencing fl uid movement through 
the low pressure circulatory system.

The respiratory circulatory model recognizes that breathing 
and crying alter intrathoracic pressures and contribute to fl uid 
drainage from the head and neck. Within the concept of this 
model, crawling and walking may affect the circulatory system by 
generating intermittent tensions on the abdominal diaphragm and 

the posterior pharyngeal tissues are relatively more anterior and 
superior in the child. These differences are due to changes in the 
shape of the cranial base and the growth of the lower facial bones. 
The smaller angulation may act to narrow the junction between 
the two components of the ET, while the position of the posterior 
pharynx may narrow the orifi ce of the tube.

The articulation between the temporal and sphenoid changes 
angle at the point that the ET emerges from the temporal bone. 
The biomechanical model suggests that via its myofascial struc-
tures, neck and jaw movements may contribute to passive pumping 
actions on the ET, “milking” it and helping clear it of secretions.

Twin studies suggest a genetic component to ET dysfunction, 
which may be related to anatomy as well as physiology (Casel-
brandt et al., 1999). Skull base confi guration is also implicated in 
explaining the clustering of otitis in certain families (Bluestone 
et al., 2003) and in individuals with skull base malformations 
such as Down Syndrome, Apert syndrome, Crouzon syndrome, 
Treacher Collins syndrome, Hurler-Hunter syndrome, and Turner 
syndrome (Bluestone et al. 2003; Wetmore, 2007). There is a dif-
ference in frequency of ear infections racially, with decreased inci-
dence described by some in African Americans and Chinese, and 
increased in Native American, Canadian, and Alaskan Native chil-
dren. Doyle (1977) suggested that signifi cant differences among 
various racial groups in the length, width, and angle of the tube 
may affect a predilection to otitis. Bluestone (2003) suggests that 
the relative size of the nasopharynx at the proximal end of the ET 
may also play a role in a predilection to otitis, in that it has been 
reported that children with a relatively small nasopharynx, mea-
sured radiographically, had a higher incidence of otitis than chil-
dren with larger dimensions.

According to Sutherland’s model, the base of the cranium 
undergoes rhythmic changes that can be palpated (Magoun, 1996). 
This phasic change is basic to the concept of OCF. Understanding 
this model allows the osteopathic practitioner to predict the poten-
tial effects of palpated strains on middle ear functioning. Accord-
ing to this model, the cranial base and temporal bone are vulnerable 
to both compressive and tensile mechanical stress. Furthermore, 
tissue strains of the cranial base and the contiguous soft tissue may 
infl uence ET function, as well as potentially all structures above, 
below, or penetrating the cranial base (Magoun, 1996). For most 
children, the process of birth is the most profound force their head 
experiences (Fig. 58.4).

Carreiro has hypothesized that mechanical strains may con-
tribute to edema of the tissues surrounding the ET (Carriero, 
2003). This in turn may infl uence intravascular fl uid exchange in 

Figure 58-4 Child receiving osteopathic manipulative treatment 
for AOM with parent nearby, utilizing OCF technique.

Chila_Chap58.indd   926Chila_Chap58.indd   926 8/4/2010   7:52:21 PM8/4/2010   7:52:21 PM



 58 • CHILD WITH EAR PAIN 927

catecholaminergic nerve fi bers in the human middle ear mucus 
membrane that may play an important role in the pathogenesis of 
MEE. Animal studies of the role of substance P in osteoclasto-
genesis, a common fi nding in otitis media, and the effect of cap-
saicin pretreatment on the neurogenic infl ammatory component 
of otitis media offer a tantalizing suggestion into further applica-
tions of this area of research in humans (Basak et al., 2005; Sohn, 
2005). Caye-Thomasen (2004) describes depletion of mucosal 
substance P in AOM in rats. In humans, Teodorczyk-Ineyan 
(2006) has shown that spinal manipulation may reduce infl amma-
tory cytokines but not substance P production in normal subjects. 
This fi nding suggests a potential objective marker for monitor-
ing the downregulation of infl ammatory responses to manipula-
tion. Whether these fi ndings can explain the improvement of pain 
in patients receiving manual medicine techniques remains to be 
determined.

The fact that our case child had a diffi cult delivery and prob-
lems sucking does not surprise the osteopathically oriented physi-
cian. The history of colic and spitting up may be related to the 
patient’s somatic dysfunction. Frymann’s classic study of 1,250 
newborns correlated specifi c areas of somatic dysfunction on osteo-
pathic examination with distinct symptomatology in the newborn 
nursery (Frymann, 1966). Carreiro (2003) postulates that babies 
with compression dysfunction at the cranial base may also develop 
symptoms as they start to develop head control, adding more mus-
cle tension to an area already irritated, thereby exacerbating preex-
isting somatic dysfunction.

It is the experience of osteopathic practitioners worldwide, and 
over many years’ observation, that there is an association between 
recurrent AOM and a diffi cult or rapid delivery (Carreiro, 2003; 
Sergueef, 2007; Sorrel, 2004; Woods, 1976). These same authors 
also report that children with recurrent AOM are often fi rstborn 
and frequently have a concomitant history of colic, dacryosteno-
sis, feeding diffi culties, or gastroesophageal refl ux in the newborn 
period. As with our patient, there is an association between otitis 
media and gastroesophageal refl ux (Caruso, 2006), which is thought 
to be either a vagal-vagal refl ex or have an infl ammatory compo-
nent. From an osteopathic perspective, gastrointestinal motility 
and function of the gastroesophageal junction may be infl uenced 
by somatic dysfunction in the cranial base via vagal input or tho-
racolumbar somatic dysfunction infl uencing the diaphragmatic 
contribution to the gastroesophageal sphincter. Bluestone (2003) 
reports that children who are “otitis-prone” also have more episodes 
of bronchopulmonary, gastrointestinal, and urinary tract infections, 
as well as more visits to the orthopedic clinic than control subjects. 
This might lead one to suggest that somatic dysfunction may be a 
common denominator of these problems.

Metabolic Energy Model

Good nutrition is a staple of good health. Children, who are under-
nourished or poorly nourished, may be at greater risk for infectious 
diseases such as otitis media and less able to respond to therapy. 
Nutritional supplements have gained favor in some communities, 
as has an emphasis on eating organic and locally grown foods. For 
example, “glyconutrients,” which are reported to have some benefi t 
on immune function (Axford, 1997; Murray, 2006), have enjoyed 
increased usage in recent years.

Treatment and Outcome

Following the current guidelines for treatment of AOM (American 
Academy of Pediatrics Subcommittee on Management of Acute 

lower ribs via the myofascial attachments of the iliocostalis and the 
crura of the diaphragm. Figure 58.3 demonstrates a child receiving 
OMT for treatment of pelvic somatic dysfunction, with the goal of 
improving function of the respiratory-circulatory system and indi-
rectly infl uencing middle ear drainage (Fig. 58.5).

Neurological Model

An appreciation of the complex sensory innervations of the struc-
tures surrounding the ear, and the interaction of these same nerves 
with other, sometimes more distant structures, may facilitate 
understanding of the many potentially confusing possible etiolo-
gies of otalgia. The ear structures are provided sensory innervation 
by CNs V, VII, IX, and X, and by cervical nerves 2 and 3.

It is important to keep in mind that there is considerable vari-
ability among individuals. Though here is no role of the CN VIII 
in carrying pain fi bers from the inner ear, resulting in the observa-
tion that signifi cant inner ear pathology can develop without otal-
gia, sensation mediated by this nerve can be felt by the patient as a 
“fullness” in the ear, such as is seen in Menieire disease (Shah and 
Blevins, 2003). Clinically, areas innervated by CN IX may refer 
an intense pain deep in the ear. There is no evidence of referral of 
pain from ear pathology to the distal structures (Scarbrough et al. 
2003).

These complex interrelationships are the result of embryo-
logic development, stemming from the otic vesicle coming to lie 
between the branchial arches 1, 2, 3, and 4, giving rise to CN V, 
VII, IX, and X, respectively (Scarbrough et al., 2003). The auto-
nomic nerve supply to the upper respiratory tract including the 
middle ear and sinuses consists of parasympathic stimulation via 
the CN VII and sympathetic stimulation via T1-4. Figure 58.4 
graphically displays the autonomic nerve supply to the upper 
respiratory tract.

It is useful to be aware of the location and pathways of these 
nerves and their ganglia, as somatic dysfunction along the way may 
contribute to otalgia, and relief of those strain patterns might benefi t 
the patient, even if no underlying cause is found for the ear pain.

There are complex immunohistochemical changes associated 
with ear pain that may contribute to the pathophysiology of otitis 
media. Nagaraj and Linthicum (1998) described the presence of 

Figure 58-5 Child receiving OMT of the pelvis to assist with 
function of middle ear drainage.

Chila_Chap58.indd   927Chila_Chap58.indd   927 8/4/2010   7:52:21 PM8/4/2010   7:52:21 PM



928 IV • APPROACH TO OSTEOPATHIC PATIENT MANAGEMENT

Chamomilla, Ferrum phosphoricum, and Pulsatilla (Kemper, The 
Holistic Pediatrician, 1996; Morgan, 1992; Schmidt, 1990). A com-
bination remedy called “ABC,” contains Aconite, Belladonna, and 
Chamomilla, and is commonly recommended for children. Physi-
cians need to be aware that some parents may choose to treat their 
children without prior examination by a health care professional. 
For the sake of the child, it is very important that the physician 
maintain a relationship with these parents and not alienate them. 
Physicians should educate parents as to the warning signs of wors-
ening infection, sepsis, meningitis, and other serious complica-
tions of untreated infection. The practitioner should also be aware 
that a systematic review of serious adverse effects of unconven-
tional therapies for children and adolescents revealed the greatest 
number of adverse events to occur secondary to herbal medicines 
(Ernst, 2003).

Parents often feel helpless when their child is ill. This can exac-
erbate their anxiety and infl uence their response to the sick child 
and perhaps even the child’s perception of their own illness. Inter-
ventions that empower the parent without risk to the child may 
prove benefi cial to both on many levels. It is sometimes comforting 
to apply mild heat to the outer ear, in the form of warm washcloth, 
heating pad, or hair dryer. A common folk remedy for otalgia is 
warmed sweet oil, garlic oil, mineral oil, or olive oil instilled in the 
ear canal. There is no evidence of effi cacy but these pose no threat 
to the child as long as the ear drum is intact.

In addition, parents may also be taught simple osteopathic 
techniques such as lymphatic pump, rib raising, or the Galbreath 
mandibular drainage technique, which can be administered at the 
fi rst signs of an upper respiratory tract infection. Schmidt’s clas-
sic study of 100 patients with upper, middle, and pararespiratory 
illnesses, in which 63%, who were treated within day 1 of their 
illness, compared with 34%, who received OMT >2 days after onset 
of symptoms, showed more rapid resolution of symptoms, fewer 
complications, and fewer recurrences in the early-treated group 
(1990). Given that busy medical practices (and busy parent sched-
ules) may not accommodate same-day appointments for patients 
with very early respiratory symptoms, the possibility of involving 
parents early in the child’s illness may prove benefi cial.

Notes on Treating Children with OMT

Treating children with OMT presents some unique challenges, but 
the practitioner should not be daunted, as the benefi ts can be enor-
mously rewarding. Children are not just small adults. Their bodies 
are more fl exible, more resilient, and less complex than adults. Their 
somatic dysfunction is easier to fi x, and doing so can be life chang-
ing. Parents can be taught many activities of daily living that can 
improve somatic dysfunction in children. The normal squirming of 
a child, though it may be distracting to the practitioner, may actu-
ally help in the treatment. Treating children takes fl exibility and 
time to develop trust, using positions familiar to the child, face-on 
fi rst, such as with changing a diaper, or allowing the child to sit 
in the parent’s lap. Toys, books, and frequent changes in position 
are often necessary to keep the child engaged. In some children, 
particularly two-year olds, brief gentle restraint may be necessary 
during the treatment.

CONCLUSION

The treatment of a child with ear pain begins with a history and 
physical to determine the cause of the pain. Working within the 
osteopathic paradigm, an evaluation for predisposing dysfunction 
of the entire body is a part of the physical examination. The 

Otitis Media, 2004), DW was treated with ibuprofen to achieve 
pain control and given a prescription for amoxicillin-clavulanate, to 
be fi lled if DW’s symptoms were not resolved in 48 hours. She was 
also treated with OMT, consisting of Galbreath mandibular drain-
age, temporal decompression, occipitomastoid decompression, 
myofascial release of the upper cervical musculature, thoracic outlet 
and abdominal diaphragm, and rib-raising techniques. DW toler-
ated the procedure very well. Mother was advised to quit smoking, 
and was taught to do the Galbreath mandibular drainage, rib rais-
ing, and lymphatic pump techniques and advised to do them twice 
daily until recheck. At recheck two weeks later, the ear examination 
was normal and tympanograms were normal.

Behavioral Model

Environmental and Complementary Measures for 
Middle Ear Disease
As previously discussed, socioeconomic and environmental factors 
have been shown to infl uence the occurrence of otitis media. For 
children who are unable to control their surroundings, it falls to 
the physician to encourage healthy habits in the family that might 
reduce the risk of recurrence. Taking into account the particulars of 
the patient and his or her home situation, the physician needs to 
consider breast feeding, discouraging pacifi er use and bottle feeding 
when supine, avoidance of exposure to smoke and other environ-
mental toxins and allergens, avoiding crowded settings and early 
child care (Bluestone et al., 2003), and teaching hand washing, and 
avoidance of sharing drinks. The physician also needs to consider 
the role of comorbidities such as gastroesophageal refl ux, which 
predispose to recurrent otitis media. It is helpful to educate the 
parent to not mix bottles of milk for prolonged room-temperature 
storage (as in a diaper bag), not store pacifi ers in airtight contain-
ers, or bottles with nipples attached in the refrigerator, and not 
reuse unconsumed formula after a particular feeding, not only 
because of possible yeast infection, but also bacterial contamina-
tion. Parents should also be informed that the Center for Disease 
Control (CDC) now recommends administration of pneumococ-
cal, Haemophilus infl uenzae type b, and infl uenza vaccines in infants 
and children, which have been shown to reduce the incidence and 
transmission of respiratory disease, and its secondary AOM (CDC, 
2008).

Considering that at least 10% of patients have tried at least 
one or more forms of alternative/complementary medicine before 
presenting for consultation, it is useful for physicians to inquire 
regarding their use (Eisenberg et al., 1993; Kemper, 1996). Phy-
sicians should be aware of preventative strategies that may have 
limited benefi t such as the use of the xylitol gum or syrup, and 
probiotic bacterial replacement (Wetmore, 2007). Various herbal 
and homeopathic remedies and nutritional supplements have been 
suggested as alternative or complementary to traditional medi-
cal approaches (Bluestone and Kline, 2001). A double-blind study 
comparing naturopathic herbal extract ear drops to anesthetic ear 
drops, with or without amoxicillin (Sarrell et al., 2003) showed a 
mild but statistically signifi cant benefi t with ear drops, particu-
larly the naturopathic remedy. (Need to add detail re: what study 
was comparing.) Kemper (1996) has also reported, but does not 
specifi cally recommend, herbal teas including those containing 
Echinacea, goldenseal, and licorice root. Chamomile, hops, and 
passion fl ower are sometimes used because of their sedation effect. 
Homeopathy has been shown to reduce otalgia associated with 
AOM at 2.4 times faster than placebo, and without complica-
tions (Frei and Thurneysen, 2001). Common homeopathic remedies 
used for children with ear pain include Aconite, Belladonna, 

Chila_Chap58.indd   928Chila_Chap58.indd   928 8/4/2010   7:52:21 PM8/4/2010   7:52:21 PM



 58 • CHILD WITH EAR PAIN 929

Doyle WJ. A functional anatomic description of Eustachian tube vector rela-
tions in four ethnic populations: and osteologic study. Ph.D. dissertation. 
University of Pittsburgh, Pittsburgh, PA 1977.

Eisenberg DM, Kessler RC, Foster C, et al. Unconventional medicine in 
the United State: prevalence, costs, and patterns of use. New Engl J Med 
1993;328:246–252.

Ernst E. Serious adverse effects of unconventional therapies for children 
and adolescents: a systematic review of recent evidence. Eur J Pediatr 
2003;162:72–80.

Eyman RK, Grossman HJ, Chaney RH, et al. The life expectancy of pro-
foundly handicapped people with mental retardation. N Engl J Med 
1990;323(9):584–589.

Fagnan LJ. Acute sinusitis: a cost-effective approach to diagnosis and treat-
ment. Am Fam Phys 1998;58(8):1795–802, 805–806.

Frei H, Thurneysen A. Homeopathy in acute otitis media in children: 
treatment effect or spontaneous resolution? Br Homeopath J 2001;90:
180–182.

Frymann VM. Relation of disturbance of craniosacral mechanism to symp-
tomatology of the newborn: study of 1250 infants. J Am Osteopath Assoc 
1966;65:1059–1075.

Frymann VM. The Collected Papers of viola M. Frymann, DO: Legacy of Osteopa-
thy to Children. American Academy of Osteopathy, 1998.

Galbreath WO. Chronic catarrhal otitis media. J Am Osteopath Assoc 
1928;April:639.

Gibson WS, Cochran W. Otalgia in infants and children—a manifestation of 
gastroesophageal refl ux. Int J Pediatr Otorhinolaryngol 1994;28:213–218.

Goldenberg DL, Fibromyalgia syndrome: an emerging but controversial condi-
tion. JAMA 1987;257(20):2782–2787.

Hayes NM, Bezilla TA. Incidence of iatrogenesis associated with osteo-
pathic manipulative treatment of pediatric patients. J Am Osteopath Assoc 
2006;106(10):605–608.

Heatherington JS. Manipulation of the eustachian tube. AAO J 1995;
(Winter):27–28.

Hoberman A, Greenberg DP, Paradise JL, et al. Effectiveness of inactivated 
infl uenza vaccine in preventing acute otitis media in young children. JAMA 
2003;290(12):1608–1616.

Ijaduola TG. Acute otalgia in Nigerian children. Trop Geogr Med 
1985;37(4):343–344.

Ingvarsson L. Acute otalgia in children—fi ndings and diagnosis. Acta Paediatr 
Scan 1982;71:705–710.

Kemper KJ. Seven herbs every pediatrician should know. Contemp Pediatr 
1996;13(12):79–93.

Kemper KJ. The Holistic Pediatrician. New York, NY: HarperCollins, 1996.
Kramer II, Kramer CM. The phantom earache: temporomandibular joint 

dysfunction in children. Am J Dis Child 1985;139:943–945.
LaGrone DH. Unusual cause of earache [Letters to the Editor]. South Med J 

1984;77(4):538.
Lasisi AO, Olaniyan FA, Muibi SA, et al. Clinical and demographic risk factors 

associated with chronic suppurative otitis media. Int J Pediatr Otorhinolar-
yngol 2007;71:1549–1554.

LeLiever WC, Nonotologic otalgia [Letter]. JAMA 1990;260(17):2302.
Leung AKC, Fong JHS, Leong AG. Otalgia in children. J Natl Med Assoc 

2000;92:254–260.
Magoun HI. Osteopathy in the Cranial Field. 3rd Ed. Kirksville, MO: Journal 

Printing Co., 1996.
Manzoni GC, Torelli P. Epidemiology of typical and atypical craniofacial neu-

ralgias. Neurolog Sci 2005;S65–S67.
Marinella MA. Heparin-induced thrombocytopenia presenting as otalgia 

[Letters to the Editor]. South Med J 2007;100(10):1057.
Maw R, Wilks J, Harbey I, et al. Early surgery compared with watchful wait-

ing for glue ear and effect on language development in preschool children: a 
randomized trial. Lancet 1999;353:960–963.

Menner AL. Top 10 clinical misjudgments in ear disorders. In: A Pocket Guide 
to the Ear. New York, NY: Thieme, 2003.

Mills MV, Henley CE, Barnes LLB, et al. The use of osteopathic manipulative 
treatment as adjuvant therapy in children with recurrent acute otitis media. 
Arch Pediatr Adolesc Med 2003;157:861–866.

Morgan LW. Homeopathy and Your Child. Rochester, VT: Healing Arts Press, 
1992.

diagnosis includes consideration of the anatomical and functional 
differences in the child’s head and neck, as compared to the adult. 
Treatment is directed to the identifi ed cause of the pain, as well as 
removing predisposing factors in the child’s body with the use of 
OMT, when appropriate. Factors in the environment that are mod-
ifi able are addressed to improve the overall health of the child.
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Diffi culty Breathing
WILLIAM FOLEY, HUGH ETTLINGER, GILBERT D’ALONZO, AND JANE CARREIRO59

K E Y  C O N C E P T S
■ Most acute exacerbations of chronic obstructive pulmonary disease (COPD) are preceded by an infection, either 

viral or bacterial. The patient typically reports worsening cough and chest congestion, increased sputum produc-
tion, and dyspnea.

■ Obstructive diseases such as COPD require the patients to alter their mechanics of breathing by engaging acces-
sory muscles causing hypertrophy, which alters biomechanics this creates somatic dysfunction.

■ Patients with obstructive diseases such as asthma and COPD have restricted movement of the thoracic tissues dur-
ing the exhalation phase of respiration, potentially reducing local drainage of lymph from the small airways and 
central lymph drainage through the thoracic duct.

■ Bronchospasm and mucous production, the two main pathophysiologic events of asthma and COPD, are mediated 
through the vagus nerve.

■ Smoking cessation is essential for respiratory health.
■ Regular osteopathic manipulative treatment visits focused on facilitating normal posture and function may assist in 

reducing metabolic energy requirements.

Physical Exam:
Vital Signs: 
HR: 100 beats/min, RR: 24 breaths/min, BP: 180/90 mm Hg, 
and pulse oximetry O2 saturation: 89% while breathing room air

General: 
Mildly ill and has frequent paroxysm of coughing. He does not 
have lower extremity edema.

HEENT: 
Normal. There is no thrush.

Heart: 
Heart rate tachycardic and cardiac rhythm is regular. No mur-
mur or gallop is auscultated. Jugular vein distension was not 
found.

Lungs: 
Diffuse bilateral expiratory wheezing, decreased breath sounds, 
and poor air movement. Significant accessory muscle use with 
respiration without paradoxical thoracoabdominal breathing 
was noted. Mild lower intercostals space muscle retractions 
were seen.

Abdomen: 
Soft and nontender without hepatospenomegaly. Bowel sounds 
are normal.

Structural Exam: 
Reveals left ilium posterior, left SI restriction, general decrease 
in side bending, and rotation throughout lumbars with L1-3 
flattening of normal lordosis. The thoracic spine has a signifi-
cantly reduced range of motion during sidebending and rota-
tion especially between T5-10. T10 is in a flexed position, side-
bent, and rotated to the right. T5 is in an extended position, 

CASE VIGNETTE

Chief Complaint: 
A 71-year-old man presents to your office with a 3-day his-
tory of shortness of breath, fever, wheezing, chest congestion, 
and a nonproductive cough, requiring more than usual inhaled 
albuterol to help his breathing.

History of Present Illness:
He inhales tiotropium every morning and fluticasone and sal-
meterol every 12 hours each day and usually is comfortable 
from a pulmonary standpoint. He has never required home 
oxygen therapy. However, over the last few days, his symp-
toms have worsened and he currently feels out of breath while 
doing routine activities. He denies chest pain and diaphore-
sis. Just 3 months ago, he was admitted to the hospital for 
an exacerbation of his chronic obstructive pulmonary disease 
(COPD).

Past Medical/Surgical History: 
stable angina pectoris, gastroesophageal reflux disease, essential 
hypertension and a left inguinal herniorrhaphy 20 years ago.

Medications: 
tiotropium 1 inhalation daily, salmeterol/fluticasone 250/50 1 
inhalation every 12 hours, omeprazole 20 mg daily, amlodipine 
10 mg daily, and lisinopril 10 mg daily.

Allergies: 
none.

Social History: 
100 pack-year history of tobacco use, presently ½ pack of ciga-
rettes each day. He admits to rarely drinking alcohol and he has 
never used illicit drugs.
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normal, but there was leukocytosis (14,000) without band forms. 
No metabolic derangement was identifi ed. Arterial blood gas 
results showed normal acid base balance and moderate hypoxemia, 
without hypercapnia (Fig. 59.2). These results were used to reduce 
the initial differential diagnosis to the most likely diagnosis of 
COPD exacerbation.

sidebent, and rotated to the right. T2 is also extended but 
sidebent and rotated to the left. There is decreased rib com-
pliance throughout the rib cage with reduced excursion dur-
ing the exhalation phase of respiration. Chest is barrel shaped. 
C7 is flexed, sidebent, and rotated to the left. C2 is extended, 
sidebent, and rotated to the right. The right occipitoatlantal 
articulation has restricted motion mechanics. The sternocleido-
mastoid and scalene muscles are tense and hypertrophied bilat-
erally. Diaphragm excursion is decreased during inhalation by 
percussion, and there is decreased motion in the lower ribs.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of dyspnea with hypoxemia for this 
patient (Box 59.1) includes COPD, bronchiectasis, pulmonary 
embolism, pneumonia, and congestive heart failure, and it is pos-
sible that more than one condition is present.

Any patient presenting with dyspnea must be stabilized from 
both a respiratory and hemodynamic standpoint before a more 
thorough history and examination are conducted. This patient uses 
accessory respiratory muscles at rest, clearly demonstrating that he 
is working very hard to breathe. The patient was immediately placed 
on nasal cannula O2, and pulse oximetry was used to carefully moni-
tor an improvement in oxygenation. The use of O2 in a patient with 
COPD should be monitored closely because of the risk of CO2 reten-
tion or hypercapnea. An offi ce electrocardiogram (EKG) was done, 
which showed sinus tachycardia. The EKG showed low voltage but 
no ischemic abnormalities. At this point, the patient was transferred 
by ambulance to the closest emergency department where he was 
placed on telemetry. The supplemental O2 via nasal cannula was 
continued and nebulized bronchodilator therapy was initiated.

The initial work-up for the complaint of dyspnea should 
include a chest x-ray (posterior-anterior and lateral views), EKG, 
and several blood studies (arterial blood gas, complete blood count 
and differential, serum electrolytes, creatinine, and blood urea 
nitrogen). This initial work-up will determine if the cause is car-
diac, pulmonary, metabolic, or due to anemia. With these data, a 
more focused, in depth work-up can be pursued (Box 59.2).

The patient’s chest x-ray revealed hyperinfl ated lungs without 
a lung infi ltrate (Fig. 59.1). His hemoglobin and hematocrit are 

Differential Diagnosis for Dyspnea with 
Hypoxemia in an Elderly Male with a History 
of COPD and Cardiovascular Disease
Exacerbation of COPD
Bronchiectasis
Pulmonary embolism
Pneumonia
Congestive heart failure

Initial Work-up for Patient with Dyspnea and 
Hypoxemia, Once They are Stabilized
Chest x-ray (posterior-anterior and lateral views)
EKG
Arterial blood gas
Complete blood count with differential
Serum electrolytes
Creatinine
Blood urea nitrogen

Figure 59-1 COPD. Frontal (A) and lateral radiographs show 
hyperinfl ation with fl attening of the diaphragm (B). In A, note the 
vertical appearance of the heart, which is compressed by the over-
infl ated lungs.

Disorder

Respiratory acidosis

Respiratory alkalosis

Metabolic acidosis

Metabolic alkalosis

pH Primary disturbance Compensation

Arterial Blood Gas Interpretation Reference

Normal range:
pH 7.35 - 7.45, PaCO2 35 - 45 mm Hg, PaO2 80 - 100 mm HG, HCO3 22 - 26 mEg/L

 PCO2

 HCO3 PCO2

 PCO2

 PCO2

 HCO3

 HCO3

 HCO3

Figure 59-2 Arterial blood gas interpretation.
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Medications were begun and included ceftriaxone 1 gm i.v. 
daily, nebulized ipratroprium 0.5 mg, and albuterol 2.5 mg every 
6 hours, and methylprednisolone 40 mg i.v. every 6 hours. Supple-
mental oxygen was continued and an additional albuterol treatment 
could be given every 2 hours for breathing distress.

Most acute exacerbations of COPD are preceded by an infec-
tion, either viral or bacterial. The patient typically reports wors-
ening cough and chest congestion, increased sputum production, 
and dyspnea. Tachypnea and hypoxemia are common fi ndings. The 
chest radiograph may show signs of infi ltrate (concomitant com-
munity-acquired pneumonia or bronchiectasis), and often there 
are fi ndings consistent with lung hyperinfl ation (fl at diaphragm, 
hyperlucent lungs, and increased retrosternal air space). Sputum 
cultures and CT of the chest may be necessary if the clinical picture 
remains unclear.

COPD patients often have substantial musculosketetal fi nd-
ings on examination, and they can benefi t from a carefully planned 
osteopathic treatment program that involves both pharmacologic 
and nonpharmacologic interventions.

OSTEOPATHIC PATIENT MANAGEMENT

Biomechanical Model

Breathing is in large part a mechanical process. Changes in 
intrathoracic pressures involve contraction and relaxation of skeletal 
musculature that are attached to the spine and bony thorax. These 
motions, during inspiration and expiration, produce pressure gra-
dients within the thorax and between the thoracic and abdominal 
cavities. This process is critical for respiration and the movement 
of fl uids throughout the body. A detailed review of these mechan-
ics will offer insight as to how osteopathic treatment may improve 
the effi ciency and effectiveness of breathing for patients that are 
experiencing an acute exacerbation of COPD. A recent pilot study 
(Noll et al., 2008) suggests there is a role for osteopathic manipula-
tive treatment (OMT) in the management of COPD patients.

The physical action of producing a negative intrathoracic 
pressure requires a defi nable amount of energy, referred to as the 
work of breathing. Although diffi cult to quantify, increased work 
of breathing is clinically relevant, since many pulmonary diseases 
dramatically alter the work of breathing. An increase in the work 
of breathing is an important factor in the pathophysiology of all 
lung diseases (West, 1992). In the pathophysiology of asthma and 
COPD, patients can progress to respiratory failure due to an inabil-
ity to maintain adequate ventilation and oxygenation because of 
respiratory muscle fatigue and eventual exhaustion. Failure of the 
thoracic pump may be due to severe airfl ow obstruction and tho-
racic hyperinfl ation, both of which develop as a result of obstruc-
tive air trapping within the lung. Thoracic hyperinfl ation places 
the entire pump at a mechanical disadvantage increasing muscle 
workload and the potential for muscle fatigue. Any intervention 
that can improve airfl ow and reduce hyperinfl ation will delay the 
onset of muscle fatigue and respiratory failure.

The mechanical process of breathing involves tissue compliance 
and recoil. Compliance is the ease with which tissues are stretched 
during inhalation. Recoil involves the elastic ability of the lung 
parenchyma to passively contract during exhalation. Respiratory 
system compliance has at least two components, lung tissue and 
chest wall, that make up the total thoracic compliance. Lung tissue 
compliance is reduced in disease processes that are infi ltrative or 
restrictive such as pneumonias or effusions. Lung recoil is affected 
by the structure of the lung parenchyma. Conditions that destroy or 
alter the structure of the parenchyma can affect recoil and interfere 

with the ability of the lung tissue to expel air. In COPD, the ability 
of the lung to expel air is compromised. The increased residual vol-
ume and decreased O2 levels damage the delicate alveoli wall. Adja-
cent alveoli sacs coalesce forming larger tertiary spaces, as a result the 
surface area of the lung is decreased and there is less area available 
for gas exchange. This condition is called emphysema (Fig. 59.3). 
The damage to the parenchyma increases the compliance but 
decreases the elastic recoil properties of the lung. The subsequent 
tendency for air trapping increases the workload of both expira-
tory and inspiratory muscles; expiratory muscles are engaged in an 
attempt to decrease residual lung volumes, while inspiratory mus-
cles must now work against the increased residual alveoli volume. 
Consequently, there is an overall increase in the work of breathing.

Obstructive diseases such as COPD require patients to alter 
their mechanics of breathing by engaging accessory muscles that are 
not continuously used in a healthy person. The respiratory muscles 
hypertrophy in response to the increased workload. Muscle hyper-
trophy alters biomechanics and creates somatic dysfunction. Somatic 
dysfunction can reduce the compliance of the bony thorax, alter 
respiratory biomechanics, and further increase the work of breath-
ing. Thus, a vicious cycle is created whereby patients with COPD 
are compromised in their ability to meet their respiratory demands.

Somatic dysfunction of the thoracic spine and ribs is often 
found in patients with lung disease (Beal and Morlock, 1984). The 
shape of the thorax in patients with COPD who have emphysema 
with hyperinfl ation (barrel chest) can produce dramatic changes in 

Overinflated alveoli (bullae)Normal alveoli

Figure 59-3 Schematic diagram depicting normal alveoli and 
alveoli in COPD.
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chest wall compliance, which are obvious on osteopathic structural 
exam. In addition to the specifi c dysfunctions noted in association 
with pulmonary disease, this altered chest wall compliance may 
contribute to patients’ respiratory dysfunction. General osteopathic 
manipulative techniques may be used to address these thoracic 
compliance issues, in combination with more specifi c techniques 
for individual somatic dysfunctions. Osteopathic treatment to 
improve the compliance of the thorax may not necessarily directly 
alter the parenchymal pathology, especially in those with chronic 
lung disease. However, it should improve the comfort and work of 
breathing and perhaps exercise tolerance, providing patients with 
the ability to enhance their functional capacity. Reducing the work 
of breathing during exercise has been shown to improve exercise 
tolerance of the chronic lung patient (West, 1995).

As noted, in addition to general changes in compliance of the 
bony thorax, specifi c somatic dysfunctions may have an effect on 
the function of the respiratory mechanism that goes beyond the 
changes in compliance they invariably produce. The movement of 
a typical rib during breathing operates in conjunction with the ori-
entation of its costotransverse and costovertebral joints. Rotation of 
the thoracic vertebrae with somatic dysfunction will not only cre-
ate resistance to movement but also change the orientation of the 
costotransverse and costovertebral articulations, further impairing 
the ability of the muscles for inhalation to move the rib. With rota-
tion of thoracic vertebral units involved in somatic dysfunction, a 
rib with a predominantly bucket-handle movement might become 
oriented to move more like a pump-handle movement. Lumbar 
somatic dysfunction, particularly in the upper lumbar spine, likely 
alters the length and orientation of the diaphragm crura and could 
impair their function and the contraction of the diaphragm.

Angus Cathie (1974) has described the movement of the entire 
spine with respiration. During inhalation all spinal curves straighten, 
including counternutation of the sacrum with the base moving pos-
teriorly. Reverse movements occur with exhalation. Somatic dys-
function anywhere in the body may adversely affect breathing.

Increases in work of breathing contribute to respiratory mus-
cle fatigue. Respiratory muscle fatigue has been implicated in the 
pathophysiology of respiratory failure (McKenzie and Bellemare, 
1995; Rossi et al., 2002). Obstructive diseases like COPD may pro-
duce respiratory muscle fatigue because of the effects of lung hyper-
infl ation (Roussos and Macklem, 1986). Muscular fatigue may be one 
of the factors contributing to the demise of the patient with respira-
tory failure. For example, during a severe asthma attack, the muscles 
of inspiration fatigue and the patient has diffi culty hyperventilating 
to maintain adequate pulmonary gas exchange. As a result, progres-
sive hypercapnia and hypoxemia may occur both of which lead to 
cardiovascular instability, arrhythmia, and death. Respiratory muscle 
fatigue may also play a role in COPD and has led to the identifi ca-
tion of the potential role of chronic respiratory muscle fatigue in the 
pathophysiology of lung disease (Grassino et al., 1984). Respiratory 
muscle fatigue has also been implicated in diverse problems such as 
pulmonary edema and diffi culties weaning patients off mechanical 
ventilation (Cohen, 1982; Grassino et al., 1984). Improving thoracic 
compliance will reduce respiratory muscle workload and may decrease 
the likelihood of fatigue in both acute and chronic lung disease con-
ditions. Osteopathic treatment may also be used to improve the 
function and effi ciency of the respiratory musculature. OMT should 
be used in conjunction with the general medical management of the 
patient. Improvements in mechanical function and thoracic compli-
ance may decrease the need for bronchodilators and steroids. As the 
patient’s respiratory function improves, the ability to clear mucous by 
coughing may also improve, eliminating the need for expectorants and 
potentially decreasing airway resistance. Incorporating manipulative 

treatment into the care of a patient with COPD may allow the 
physician to decrease the need for pharmaceutical interventions, and 
the risks and complications associated with the use of these agents.

Respiratory muscles, like all skeletal muscle, operate on the 
principle of their length-tension relationship. In this relation-
ship, muscles will develop a far stronger contraction at a longer 
resting tone. Physical changes associated with exacerbations of 
obstructive lung disease such as a fl attened diaphragm (as visual-
ized on x-ray) and hypertonicity of accessory muscles, such as the 
sternocleidomastoid, represent shortened musculature that have 
reduced contractile force during increased workload. In the case 
of chronic obstructive lung disease, the barrel-type changes in the 
thorax actually prevent respiratory muscles during inspiration from 
returning to their full resting length during exhalation. Likewise, 
increased muscle tonicity may prevent the thorax from achieving a 
position of complete exhalation, contributing to the overall shape 
change of the thorax. In addition to altering muscle length-tension 
relationships, increasing the resting tone of the respiratory mus-
culature will alter its blood supply and oxygen delivery/consump-
tion ratio. Muscles receive most of their blood supply during their 
resting or diastolic phase. The increased tone during contraction 
increases the pressure within the muscle and shunts blood away 
via nonnutritive arterioles. This has been demonstrated to occur 
in the diaphragm (Grassino et al., 1984). It has also been shown 
that increased demand in an otherwise normal diaphragm will pro-
duce oxygen consumption that is in excess of its supply (Grassino 
et al., 1984). Increasing the resting tone of a muscle will increase its 
pressure and reduce incoming blood supply, while simultaneously 
increasing its oxygen demand, further stressing the oxygen deliv-
ery/consumption ratio. Muscles that are forced to function anaero-
bically are as much as 15 times less effi cient than those utilizing 
aerobic metabolism (West, 1991). Fatigued diaphragms have been 
found to have high levels of lactic acid, indicating a high degree 
of anaerobic metabolism (Grassino et al., 1984). Increased rest-
ing tone of the respiratory musculature during inspiration can be 
identifi ed during the osteopathic structural exam as increased mus-
cle tone, generalized tenderness, or tissue bogginess. Osteopathic 
treatment directed toward increasing the length and decreasing the 
resting tone of respiratory musculature is indicated in the treat-
ment of acute and chronic lung disease. The diaphragm in particu-
lar is prone to increases in tone and associated fl attening in acute 
and chronic obstructive disease. If severe enough, the fl attening of 
the diaphragm may reverse the movement of the lower ribs dur-
ing inspiration, producing paradoxical rib motion. This reduces the 
transverse diameter of the chest and greatly decreases the effi ciency 
of the entire respiratory mechanism. In osteopathic literature, res-
toration of the length and vertical orientation of the diaphragm is 
called doming of the diaphragm. Doming of a fl attened diaphrag-
matic muscle will increase the pressure gradients that are able to 
be produced between the thoracic and abdominal regions and can 
help reverse paradoxical rib motion and improve the function of 
the diaphragm as well as the respiratory mechanism as a whole. 
Addressing the mechanics of breathing, including the work of 
breathing, the compliance of the thorax and spine, both specifi cally 
and generally, and the function and effi ciency of the respiratory 
musculature will have far-reaching applications in the treatment of 
acute and chronic respiratory diseases.

Respiratory/Circulatory Model

Traditionally, the osteopathic concept has viewed the cervicotho-
racic, thoracolumbar, and pelvic diaphragms as working together 
to maintain pressure gradients in the pelvis, abdomen, and thorax 
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(Frymann, 1968, Johnson, 1991, 1992; Zink and Lawson, 1979). 
These gradients aid in fl uid movement through the venous and 
lymphatic systems, often referred to as the low pressure circulatory 
system. The actions of the diaphragm, and thorax in particular, have 
a major infl uence on the function of the lymphatic and venous sys-
tems. This is the basis of the “respiratory/circulatory” model. Zink’s 
original model (Zink, 1977) describes the role of respiration, with 
its action on central venous fl ow and pressure, as they infl uence 
the emptying of the thoracic duct into the junction of the internal 
jugular and brachiocephalic veins. Studies that have measured the 
role of respiration on thoracic duct lymph fl ow demonstrate that 
35% to 60% of the total thoracic duct drainage is in response to 
respiratory movements (Aukland and Reed, 1993; Browse et al., 
1971; Dumont, 1975). Thorax motion during respiration has also 
been shown to be involved in the actual formation of lymph in a 
variety of areas, including the lungs and abdomen. Lymph forma-
tion is a critical step in the overall mechanics of lymphatic circula-
tion, as a small but signifi cant uphill hydrostatic gradient exists that 
must be overcome in order for fl uid to move from the interstitium 
into the initial lymphatic, a blind, open-ended vessel (Aukland and 
Reed, 1993). The excursion of the thorax has been shown to be the 
primary force moving fl uid from the pulmonary interstitium into 
the initial pulmonary lymphatics. The expansion of the pulmonary 
interstitial tissue, to which the initial lymphatics are tethered by 
anchoring fi laments, increases the volume of the initial lymphatic 
fl ow and produces a temporary pressure gradient for fi lling these 
small lymphatics. Exhalation then closes the vessel and moves the 
lymph forward, past the fi rst valve and into the contractile part of 
the vessel. The respiratory cycle, then, acts as a pump that initiates 
the process of lymph formation. All initial lymphatics have anchor-
ing fi laments and will therefore respond to respiratory movements 
to the degree which they occur in the area. The initial lymphatics in 
the abdomen and pelvis, in particular, respond signifi cantly to respi-
ratory excursions. Lymphatic stomata located in the subperitoneal 
space of the diaphragm are also involved in the absorption of intra-
abdominal fl uids. Respiratory movements in the diaphragm act to 
open and close the mesothelial and endothelial cells assisting lymph 
fl ow into the collecting lymph vessels (Bettendorf, 1978).

The clinical signifi cance of the respiratory-circulatory concept 
in pulmonary disease is likely very important and underestimated. 
Obstructive lung diseases are associated with infl ammation of vari-
ous pulmonary tissues (Fig. 59.4). Asthma and COPD patients 
have an overall restriction of thoracic movement during the exha-
lation phase of respiration, reducing both local drainage of lymph 
from the small airways and central lymph drainage through the 
thoracic duct. During an obstructive exacerbation, perhaps initiated 
by lobar pneumonia or acute bronchitis, there is an intrapulmo-
nary infl ammatory process produced that will produce an increased 
demand on the regional lymphatic circulation. The excursion of 
the thorax, however, is consistently and signifi cantly reduced by the 
exacerbation. This restriction in movement leads to a reduction in 
local drainage of exudates, a decrease in the delivery of antigen to 
regional lymph nodes, and perhaps impairment in both the cellu-
lar immunological response and the transport of antibiotics to the 
affected areas since lung interstitial pressure rises and shunts blood 
away from the area. Restoring a greater excursion of the thorax will 
improve the body’s ability to move lymph in this situation; specifi c 
lymph pump techniques are also indicated.

Neurologic Model

Autonomic nervous system infl uences are important in a variety of 
lung diseases. Vagal activity is involved in the bronchospasm and 

mucous production in the pathophysiology of asthma and COPD. 
C2 somatic dysfunction has been consistently noted in diagnostic 
studies of pulmonary disease (Beal, 1985). Ipsilateral cranial base 
dysfunction, in particular the occipitomastoid articulation, is usu-
ally involved in refl exes involving the vagus nerve. The sensory 
ganglion of the vagus nerve lies within the jugular foramen, adja-
cent to the occipitomastoid suture. Though the cervical fi ndings are 
reported less frequently than upper thoracic, this may be because 
the vagus and other parasympathetic nerves will not vasodilate or 
stimulate sweat glands, producing the associated temperature and 
skin moisture changes that are among the most common recogniz-
able signs of acute segmental facilitation. It is therefore possible 
that segments facilitated in areas of parasympathetic innervation 
are under-recognized. Upper cervical fi ndings in pulmonary dis-
ease, especially asthma and COPD, may be the most signifi cant 
structural fi ndings, due to the pathological effects of segmental 
facilitation of the vagus nerve in this disease. Perrin Wilson (1946) 
also notes a consistent fi nding of right T4-5 and right 4th or 5th 
rib somatic dysfunctions, another common fi nding in asthmatic 
patients. He reported signifi cant improvement in acute asthmatic 
attacks with OMT of these dysfunctions.
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Figure 59-4 The relationship between emphysema and chronic 
bronchitis. Most patients with COPD have a mixture of bronchial 
infl ammation and alveolar destruction.
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936 IV • APPROACH TO OSTEOPATHIC PATIENT MANAGEMENT

Enhanced vagal tone plays a role in producing bronchospasm 
and airway secretions (Paggiaro et al., 1989; Szekely and Pataki, 
2009). Sensitization or facilitation of the vagus as a result of 
somatic dysfunction at C2, the occipitomastoid suture or the cra-
nial base may contribute to vagal tone and increase the degree of 
bronchospasm and secretion. Reducing segmental facilitation may 
decrease vagal tone and infl uence bronchospasm. This is turn has 
the potential to decrease bronchial sensitivity, reduce the need for 
bronchodilators, and help reduce the severity of an acute attack. 
Vagal refl ex somatic dysfunction should be identifi ed and treated 
in patients with pulmonary diseases.

A different type of somatic dysfunction is present when pneu-
monia coexists with the obstructive lung disease. Pneumonia is 
often accompanied by a local reduction in rib excursion. This dys-
function pattern is described as “barrel chest” in standard physi-
cal diagnosis textbooks as well as the osteopathic literature. This 
phenomenon may be a viscerosomatic refl ex carried through vis-
ceral afferents, although the dysfunction levels in lower lobe pneu-
monia are outside the levels of the sympathetic innervation of 
the lung classically described as T1-5 (Beal and Morlock, 1984; 
Richardson, 1979; Sato, 1995; Widdicombe, 1991; Wojtarowicz 
et al., 2003) It is more likely they are produced through the pari-
etal pleura, which carries a local, intercostal innervation. These 
refl ex changes may be involved in the pleuritic chest pain, which 
often accompanies pneumonia. Treatment of these refl ex changes 
is thought to be important in the overall treatment plan of patients 
with pneumonia.

Upper thoracic fi ndings associated with pulmonary disease 
(T1-5, and occasionally T6) are commonly found in patients with 
acute and chronic bronchitis (Beal and Morlock, 1984). This 
is consistent with the notion that the primary afferent sensory 
innervation of the large airways travels via visceral afferent fi bers 
associated with the sympathetic nerves (Cervero, 1985), while the 
sensory innervation of the small airways (asthma, COPD, lobar 
pneumonia) travels predominantly via the vagus. While sympa-
thetic outfl ow may not be as detrimental to pulmonary function as 

vagal infl uence, sympathetic fi ring may increase the production of 
the thick, tenacious secretions associated with bronchitis that are 
diffi cult to expectorate (Bleecker, 1986). The associated thoracic 
segmental dysfunction will result in further restriction of the upper 
thorax and ribs further reducing the ability of the patient to expec-
torate secretions and should be treated when found.

Costochondritis as well as pectoralis tenderpoints can develop 
from chronic cough. Osteopathic manipulation to ribs, sternum, 
thoracic vertebrae, and chest musculature can resolve myofascial 
and ligamentous articular strains thereby decreasing pain.

Metabolic Energy Model

For COPD patients, physicians need to be acquainted with the 
metabolic challenges the patient may face. For example, protein-
calorie malnutrition is common in severe COPD. High caloric 
supplements or appetite stimulants can be considered but have not 
shown long-term benefi ts. In addition, altered or restricted gait 
has been shown to increase oxygen demand. Regular OMT vis-
its focused on facilitating normal posture and function may assist 
in reducing metabolic energy requirements. Once the patient is 
stable, comprehensive pulmonary rehabilitation should be con-
sidered to improve quality of life and exercise capacity. There is a 
large body of data on the benefi ts of pulmonary rehabilitation for 
patients with COPD and other respiratory diseases that you may 
wish to discuss.

Behavioral Model

Shortness of breath caused by lung disease is a major source of 
anxiety (Fig. 59.5). Increased sympathetic tone may exacerbate 
vasoconstriction and bronchial constriction. Stress and anxiety 
may be higher in patients of lower socioeconomic status. Physi-
cians should have appropriate knowledge of their patients’ ability 
to pay for their medications and meet other fi nancial obligations 
that impact their health status. Smoking cessation is essential for 
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Figure 59-5 The cycle of anxiety and COPD 
symptoms.
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balancing, and soft tissue techniques. The thoracic outlet was also 
treated to improve lymphatic fl ow through the thoracic duct. Both 
thoracic and pedal pumps were initiated and performed two to 
three times daily. After discharge from the hospital, the patient 
followed up for monthly OMT to maintain compliance of his 
thorax.

Suggested protocol for using OMT in the acute stage of a 
COPD exacerbation: focus the OMT on the ribs, thoracic spine, 
and diaphragm to reduce mechanical restrictions. Next, incorporate 
treatments that target the autonomic nervous system (Box 59.3). 
Start with indirect treatments such as myofascial release, balanced 
ligamentous tension, osteopathy in the cranial fi eld, and FPR. As 
the exacerbation improves, more direct techniques such as HVLA 
and muscle energy are appropriate if no contraindications. A 
patient with a chronic condition such as COPD may benefi t from 
OMT to prevent further acute exacerbations. The time interval for 
OMT is individualized and will depend on the patient, but gener-
ally speaking follow-up is usually every 1 to 4 months.
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all patients and paramount for patients with COPD (Fig. 59.6). 
The best results are seen when counseling and medication therapy 
are combined (Sadr et al., 2009). Prevention of infection with the 
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vaccines, should be discussed with the patient annually.

PATIENT OUTCOME

The next day the patient had improved. He was now hemodynami-
cally stable. Systemic steroid therapy and nebulized bronchodilator 
treatments were tapered over a 2-week period. Long-acting anti-
cholinergic and beta-adrenergic inhalers and inhaled corticosteroid 
therapy was continued and pulmonary rehabilitation was recom-
mended. Rib-raising and diaphragm-doming techniques were con-
tinued daily throughout his hospital stay. As he progressed, more 
focus was given to the cervical and lumbar areas using indirect, 
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Suggested OMT Protocol for Treating Patients 
with COPD
Adapted from: Noll D, Degenhardt B, Johnson J, et al. 
Immediate effects of osteopathic manipulative treatment in 
elderly patients with chronic obstructive pulmonary disease 
J Am Osteopath Assoc 2008;108(5):251–259.

– Soft Tissue to the paraspinal muscles
– Rib raising
–  Redoming the abdominal diaphragm (indirect myofascial 

release)
– Suboccipital decompression
– Thoracic inlet myofascial release
– Pectoral traction
– Thoracic lymphatic pump without activation
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Cervicogenic Headache
RAYMOND J. HRUBY, MARCEL P. FRAIX, AND REBECCA E. GIUSTI60

K E Y  C O N C E P T S
■ Cervicogenic headache (CGH) has a precise clinical definition and a typical presentation.
■ The pathophysiology of CGH has been elucidated.
■ There is some evidence base for the use of osteopathic manipulative treatment in CGH using the five-model 

approach.
■ Patients with CGH should receive thorough somatic evaluation.

HEENT:
No sore throat or dysphagia, no sinusitis, no auditory changes, 
tinnitus or vertigo, seasonal allergies

Respiratory:
No cough or dyspnea

Cardiovascular:
No chest pain or palpitations

Nervous:
No sensory changes or motor weakness, no ataxia

Musculoskeletal:
Intermittent neck and upper back pain that occurs with pro-
longed sitting at work. No joint pain or swelling

PHYSICAL EXAM
Vital Signs:
Temperature 37°C, pulse 82/min and regular, respirations 12/
min, blood pressure 128/84

General:
Well-nourished female in no acute distress, alert and oriented 
to person, place, and time

HEENT:
No signs of trauma, sclera clear, fundoscopic examination dem-
onstrates sharp disc margins without papilledema, visual acuity 
is 20/20, auditory canals are clear, and tympanic membranes 
are intact. No nasal drainage is noted and the nasal septum is 
midline. The oropharynx reveals no exudates or erythema.

Respiratory:
No wheezes, rhonchi, or rales

Cardiovascular:
Regular and without murmurs

Neurological:
Cranial nerves II to XII are grossly intact, motor strength is 
5/5, and reflexes are 2+/4+ bilaterally in upper and lower limbs. 
Sensation is intact to light touch and pinprick, and coordina-
tion is intact.

CASE VIGNETTE

A 32-year-old right hand dominant Caucasian female presents 
to your clinic complaining of episodic headache type pain for 
the past 2 months. The pain has a pressure-like quality and 
is located in the bilateral occipital and frontal regions of the 
head. It lasts for approximately 30 minutes and primarily occurs 
in the morning. The headaches occur two to three times per 
week and appear to be more frequent when the patient experi-
ences increased stress at work or lack of sleep. The patient was 
involved in a motor vehicle accident 3 years prior as a restrained 
passenger and did sustain a whiplash type of injury. She does 
not have a history of head trauma and currently denies experi-
encing photophobia, visual changes, or nausea.

Past Medical History:
Seasonal allergies

Past Surgical History:
Tonsillectomy at age 5 years, wisdom teeth extracted at age 
26 years

Family History:
Her mother is 58 years old, and her father is 59 years old with 
a history of asthma. She has no siblings. There is no family 
history of migraine headaches.

Social History:
She is single, sexually active in a monogamous relationship for 
3 years. She is employed as an administrative assistant. She does 
not use tobacco and uses coffee and alcohol only occasionally.

Medications:
She takes acetaminophen, two tablets every 2 to 4 hours as 
needed for pain, uses an antihistamine as needed for seasonal 
allergies, and takes oral contraceptive pills for birth control.

Allergies:
No history of drug or food allergies

REVIEW OF SYSTEMS
General:
She is in good health, exercises two times per week, and reports no 
recent change in appetite or weight, no fever or night sweats.
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Osteopathic Structural Exam:
Cranial examination reveals restricted movement of the right 
occipitomastoid suture. The cervical spine demonstrates decreased 
active and passive ranges of motion in all planes, somewhat 
worse with right sidebending and rotation. The cervical paraver-
tebral and upper trapezius musculature demonstrate increased 
tone with mild tenderness to palpation. Specific joint motion 
restrictions include: OA RRSL, AA RR, C2-C3 ERLSL, T1-3 
RRSL, T4-5 ERLSL, and a left sacral torsion around the left 
oblique sacral axis.

OVERVIEW OF CERVICOGENIC HEADACHE

CGH may be defi ned as pain referred to the head region, typically 
unilaterally, from cervical musculoskeletal dysfunction. It is char-
acterized by the presence of cervical somatic dysfunction as exhib-
ited by muscle spasm, decreased range of motion, and pain upon 
digital provocation. It is usually worse with movement and better 
with rest. It can be associated with tendonitis in any of the cervi-
cal muscles, trigger points or tender points in the cervical or head 
region, and/or infl ammation of the cervical spinal joints (1,2).

EPIDEMIOLOGY

Patients of all ages can be affected by this problem, with the mean 
age being 42.9 years (3). CGH is four times more common in 
females than males (4) and accounts for 14% to 18% of all chronic 
and recurrent headaches (5,6). It is a common symptom follow-
ing neck trauma (54% to 66% of patients with whiplash associated 
disorder complain of headache). It should be noted that 54.8% of 
patients seen by pain specialists have CGH or CGH in combina-
tion with other types of headache (7). The prevalence of CGH in 
the general population is estimated to be 0.4% to 2.5% (3).

CGHs often lack a regular pattern. They are often episodic, 
recurrent, lasting hours to days per episode, and can seriously 
affect the patient’s quality of life (8). Some patients develop CGH 
after trauma, such as a whiplash injury (9). These headaches often 
resolve within a year. However, previous traumas or preexisting 
headache and neck pain may lead to chronic CGH after whiplash 
injury (10).

The effect of CGH on society is also signifi cant. In a United 
States survey totaling 13,343 respondents, 9.4% reported missing 
work more than rarely because of headache, 31% reported that 
their work level was reduced more than rarely by headache, and 
9.2% reported that their work level was reduced more than 50% 
by headaches during work (11). On average, individuals lost the 
equivalent of 4.2 d/y because of headache. Subjects with migraine 
headache were much more likely (57%) to report actual lost work-
days because of headache, whereas tension-type and other head-
ache types accounted for a large proportion (64%) of decreased 
work effectiveness because of headache. Headache type, headache 
severity, and education level were each independent predictors of 
workplace impact of headache.

In a 2001 to 2002 random sample telephone survey of over 
28,900 American workers, 13% of the total workforce experienced 
a loss in productive time during a 2-week period due to a common 
pain condition (12). Headache was the most common pain condi-
tion resulting in lost productive time, accounting for a mean loss of 
3.5 hours in productive time per week. Among active workers, lost 
productive time from common pain conditions (i.e., headache, back 
pain, arthritis) costs an estimated $61.2 billion per year, with $20 
billion due to headache. The majority (76.6%) of the lost produc-
tive time was not due to an absence from work but was explained 
by reduced performance while at work.

Risk factors for developing CGH include the following:

■ Head or neck traumatic injuries can predispose a patient to 
CGH symptoms

■ Sustained neck postures or movements may precipitate CGH
■ Primary or signifi cant compensatory cervical somatic dysfunctions

PATHOPHYSIOLOGY

Cervical somatic dysfunction refers pain to the head and face via 
the trigeminal nerve (CN V). This same nerve innervates cranial 

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of headache includes the following:

■ Cervicogenic headache (CGH)
■ Occipital neuralgia
■ Migraine and tension-type headache

A particularly diffi cult diagnostic challenge is distinguishing CGH 
from migraine without aura and tension-type headache. CGH 
must also be distinguished from other causes of headache that are 
more serious and potentially life threatening. These include the 
following:

■ Arteriovenous malformation
■ Cerebral aneurysm
■ Chiari malformation
■ Glaucoma
■ Meningitis
■ Posterior fossa tumors
■ Pseudotumor cerebri
■ Epidural, subdural, or subarachnoid hemorrhage
■ Vasculitis, such as temporal arteritis
■ Vertebral artery dissection

The absence of systemic signs such as fever, chills, etc. rules out 
infection pathology. Normal vital signs and the absence of neu-
rological signs make tumor, pseudotumor, vertebral artery dissec-
tion, atriovenous malformation, vasculitis, and cerebral aneurysm 
less likely. There are no visual changes but intraocular pressures 
can be assessed to rule out glaucoma. There are also other causes 
of head pain that come from cervical pathology, although these 
are unlikely in this patient because of her age and presentation 
(Box 60.1).

The most likely differential diagnosis in this patient includes 
cervicogenic, migraine, or tension-type headache. These three 
entities are differentiated primarily by patient history. As described 
below; the most likely diagnosis for this patient is CGH.

Cervical Causes of Headache
A-V malformation
Cervical spondylosis
Greater occipital nerve compression or inflammation
Herniated cervical disc
Rheumatoid arthritis
Trauma
Tumors
Vasculitis
Vertebral artery dissection
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C2 can result in a deep or dull pain that usually radiates from the 
occipital to the parietal, temporal, frontal, and periorbital regions. 
A paroxysmal sharp pain may be superimposed over the con-
stant pain. Lacrimation and conjunctival injection of the eye on 
the affected side are common associated signs. The third occipital 
nerve, arising from the dorsal ramus of C3, innervates the joints at 
C2 and C3. Somatic dysfunction of these joints may be involved in 
referring pain to the frontotemporal and periorbital regions (17).

TYPICAL PATIENT PRESENTATION

Patients may describe the pain of CGH as moderate to severe in 
intensity, deep, nonthrobbing, and nonlancinating. Certain pre-
cipitating factors may be involved, such as certain neck movements 
or particular sustained head positions. There may be a history of 
whiplash or other head or neck injury prior to onset of symptoms. 
It should be noted, however, that patients frequently have diffi culty 
in identifying factors that precipitate, aggravate, or alleviate their 
headaches.

In CGH, the location of the head pain may be in the frontal, 
posterior, or lateral part of the head, at the vertex, or behind the 
orbit. The pain is typically unilateral, although it may occasionally 
be bilateral (1). The pain may radiate along the ipsilateral side of 
the head, to the neck and/or shoulder, and occasionally into the 
arm (1). There may also be scalp parasthesias or dysesthesia. Other 
characteristics include headache episodes of varying duration, and 
lack of response to medications that are usually helpful in allevi-
ating other types of headache. Associated symptoms may include 
nausea, phonophobia, photophobia, dizziness, ipsilateral blurred 
vision, diffi culties with swallowing, and ipsilateral periorbital 
edema. Coughing or sneezing may also trigger the pain.

PHYSICAL EXAMINATION OF THE 
PATIENT WITH HEADACHE

The physical examination of the patient with headache should 
include vital signs, a screening cardiaovascular, neurological and 
musculoskeletal examination, and a regional evaluation of the head 
and neck. Normal vital signs help to rule out endocrine, cardiovas-
cular, and infectious processes. The screening neurological exami-
nation is used to rule out focal defi cits suggesting intracranial mass 
or event, and peripheral etiology such as peripheral nerve impinge-
ment with radiculopathy or spinal cord impingement from a herni-
ated cervical disc.

The screening musculoskeletal exam evaluates large and small 
joints for systemic infl ammatory conditions such as rheumatoid 
arthritis, which may present with headache. The head and neck 
areas should be examined for pharyngeal and tonsillar infl amma-
tion, glandular hypertrophy and/or tenderness, or lymphadenopa-
thy that would alert the practitioner to internal organic problems 
that can also be an underlying cause of headache. The carotid 
arteries should be auscultated for any bruits.

The osteopathic physician should perform a general osteo-
pathic screening exam of the musculoskeletal system, followed by a 
regional exam and then a segmental exam. The main areas of focus 
will likely be the head and cervical spine, but as noted above, other 
body regions may reveal somatic dysfunction deemed to be associ-
ated with the patient’s CGH symptoms. The reader is referred to 
Chapters 56, 57, and 58 for further information.

Asymmetry of musculoskeletal structural landmarks, altered 
quantity or quality of active or passive neck motion, tissue texture 
abnormalities, and tenderness, lead the practitioner to consider 
mechanical neck disorder, or somatic dysfunction diagnosis.

and facial structures, including the cerebral blood vessels and dura 
mater, and sends its sensory information to the pons in the mid-
brain and then to the thalamus and somatosensory cortex. The 
trigeminal nerve also has tracts that descend into the spine. For 
example, the upper cervical spinal cord contains the Trigeminal 
Nucleus Caudalis (TNC). The TNC descends as low as C4 and is 
contiguous with the spinal gray matter in the substantia gelatinosa 
in lamina II of the dorsal horn.

The fi rst three cervical spinal nerves innervate the zygapo-
physeal joints, uncovertebral joints, intervertebral discs, cervical 
muscles and ligaments, the vertebral artery, the cervical spinal 
dura, the posterior scalp, and even the lower layer of the tentorium 
cerebelli. Afferent fi bers from these structures converge with the 
TNC within the spinal cord. As a result, pain signals from the neck 
can be referred to the same receptive fi eld in the thalamus as that 
of the head and face, giving the patient the sensation that the pain 
is emanating from the head or face when in fact it is coming from 
the cervical spine.

Nociceptive stimuli from the C5-7 nerves can also refer pain 
to the head and face through the TNC since afferent nociceptive 
information can ascend between 1 and 3 levels before entering the 
dorsal horn and interacting with interneurons that connect with 
the TNC.

Nociceptive input originating from cervical structures can 
therefore be perceived as head pain in the regions innervated by 
the trigeminal nerve (16,17).

The superior and inferior vagal ganglia lie superior and inferior 
to the jugular foramina, respectively. The vagus (CN X) is a mixed 
nerve with motor, sensory, and parasympathetic components. Of 
interest in CGH is the fact that nociceptive or infl ammatory stim-
uli from the larynx and pharynx, as well as the thoracic and abdom-
inal viscera, are transmitted by the vagus and converge with upper 
cervical afferents (18). The increased afferent activity converging 
in the upper cervical region is thought to increase the efferent dis-
charge of cervical spinal motor neurons accounting for the palpable 
increase in myofascial tissue tension in the upper cervical spine, 
thus constituting a viscerosomatic refl ex. In addition, primary sen-
sory axons from the superior vagal ganglia terminate in the TNC 
and convey general sensation from the external auditory meatus, 
external surface of the tympanic membrane and skin of the ear to 
the trigeminal receptive fi eld in the thalamus. The spinal accessory 
nerve (CN XI), which sends motor efferents to the trapezius and 
sternocleidomastoid muscles, also has some sensory afferents that 
may converge with the TNC (16,17).

With respect to the sympathetic nervous system, sympathetic 
nerve fi bers are dense in the basal region of the occipital dura mater 
and alongside as well as independent from blood vessels (19). The 
superior cervical ganglia are positioned anterior to the articular pil-
lars of C2. They have postganglionic fi bers that innervate the vascu-
lature, mucous membranes of the head region, including the middle 
ear, the lacrimal glands, and pupils of the eyes. Their preganglionic 
cell bodies emanate from the spinal cord at levels T1-4.

Within the peripheral nervous system, a number of structures 
may be involved with CGH. The greater and lesser occipital nerves 
originate from roots at C1-3; the medial branches of the dorsal 
rami of C2 and C3 form the greater occipital nerve and the third 
occipital nerve. The greater and lesser occipital nerves innervate 
the posterior scalp. Occipital neuralgia may arise from entrapment 
or trauma to these nerves, the upper cervical zygapophyseal joints 
or the C2 spinal root. The suboccipital (C1) nerve innervates the 
occipitoatlantal joint and may be involved with somatic dysfunc-
tion that can refer pain to the occipital region. The AA joint and 
C2-3 are innervated by the C2 spinal nerve. Neuralgia arising from 
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return, and edema formation. These adverse changes can lead to 
insuffi cient oxygen and nutrient distribution to tissues, reduced 
venous and lymphatic return, impaired immune system function, 
and insuffi cient removal of metabolic waste products from the 
body. The treatment goal within this model is to restore the body’s 
ability to adequately move air and fl uids throughout its systems. 
Somatic dysfunctions relative to this model include altered rib cage 
mechanics and restricted motion of the thoracic diaphragm and 
other functional diaphragms of the body. Commonly used OMT 
modalities for this model include osteopathy in the cranial fi eld, 
myofascial release, and lymphatic pump techniques.

NEUROLOGIC MODEL

The neurologic model deals with the effects of facilitated spinal 
cord segments and sustained symphaticotonia, resulting in vis-
cerosomatic and somatovisceral refl ex phenomena, including the 
signs and symptoms of CGH. Goals of treatment within this 
model include restoration of autonomic balance, alleviation of seg-
mental facilitation, decrease in or elimination of abnormal afferent 
signaling, and relief of pain. Various OMT techniques can be used 
here, but some modalities that are thought to be especially effective 
within the neurological model include counterstrain and the treat-
ment of Chapman refl ex points.

METABOLIC-ENERGY MODEL

The metabolic-nutritional model takes into consideration such 
things as dietary defi ciencies and excesses, food allergies, the effect 
of toxins, and any other factors that may affect the self-regulatory 
and self-healing mechanisms of the body. Treatment goals for this 
model include promoting energy conservation by balancing the 
body’s energy expenditure and exchange, and enhancing immune 
system function. In this model, a major emphasis is on such things 
as nutritional counseling, dietary advice, avoiding obesity, and 
encouraging exercise.

BEHAVIORAL MODEL

In this model, we consider the psychological and social components 
of the patient’s health status. Some of these components include 
the patient’s spiritual outlook, social support system, ability to cope 
with stress, and ability to make healthy lifestyle choices. In particu-
lar, stress is a well-known cause or contributor to headache, includ-
ing CGH. Thus, reduction of stress factors can contribute to the 
ultimate control of CGH in some patients. The treatment goals for 
this model include optimizing the psychological and social com-
ponents of the patient’s overall health. This might include teach-
ing the patient strategies for stress reduction, helping the patient 
improve his or her abilities for social interaction, and helping the 
patient improve his or her spiritual outlook. OMT is not com-
monly a part of the treatment approach in this model, although 
some osteopathic physicians advocate the use of OMT to improve 
autonomic balance for these patients, thus secondarily helping to 
relieve stress on the body.

BIOLOGICAL BASIS FOR THE USE OF 
OMT—BEST EVIDENCE

CGH may be related to somatic dysfunction of the OA and AA 
joints and neck pain most often related to C2-7 somatic dysfunc-
tion. Up to 50% of whiplash patients with chronic neck pain and 
dominant headache symptoms have C2-3 zygapophyseal joint pain 

It is also possible that somatic dysfunction of more distant body 
regions, such as the lumbar spine and pelvis, may be contributing 
factors in the patient with CGH. Restriction of motion of the AA 
(C1-2) joint is a very common fi nding in patients with CGH (29). 
There may be asymmetrical neck and head position in relation to 
the shoulders. Head pain can often be reproduced by digital pres-
sure over the upper cervical or occipital region on the symptomatic 
side. Restriction of active and passive neck range of motion, par-
ticularly in the upper three cervical joints, is a common fi nding. 
There may be neck muscle stiffness and trigger points in the lower 
cervical or shoulder muscles that refer pain to the ipsilateral head 
region. Identifi cation of clinically signifi cant somatic dysfunction 
provides the indication for the use of osteopathic manipulative 
treatment.

LABORATORY AND RADIOLOGIC FINDINGS

These evaluations are not typically necessary if the history and 
physical examination is consistent with mild sprain or strain of the 
neck musculoskeletal tissues. In acute whiplash or other trauma, 
however, it may be necessary to obtain cervical radiographs to rule 
out vertebral fracture or dislocation. Patients with chronic mechan-
ical neck pain refractory to osteopathic manipulative treatments 
and exercise may require further diagnostic imaging to rule out 
less common causes underlying persistent neck pain. Blood tests 
for systemic pathology are typically negative, and any cervical disc 
bulging seen on MRI or CT scan is usually nonspecifi c (30).

FIVE MODELS FOR APPLYING OMT FOR CGH

The osteopathic physician may organize osteopathic philosophy 
and principles according to a conceptual framework developed 
by the Educational Council on Osteopathic Principles (ECOP) 
(36). ECOP delineated fi ve models for consideration. These mod-
els are mechanical, neurologic, respiratory-circulatory, metabolic-
nutritional, and biopsychosocial. In the case of CGH, each model 
allows the osteopathic physician to consider:

■ How the elements of the particular model are affecting, or being 
affected by, the patient’s condition by contributing to the overall 
allostatic load on the patient

■ Treatment options applicable to the particular model, including 
osteopathic manipulative treatment (OMT)

■ Preventive measures relative to the specifi c model

BIOMECHANICAL MODEL

This model deals with factors that alter posture, motion, and gait. 
This approach includes evaluating altered joint relationships, 
muscle imbalances, and abnormal fascial tensions. These somatic 
dysfunctions can cause or contribute to adverse neurologic and cir-
culatory functions. This process, along with the energy demands 
of the body’s attempt to cope with abnormal mechanical stresses, 
can be part of the allostatic load contributing to CGH. The goal 
of treatment within this model is the restoration of free motion 
within the body’s musculoskeletal system elements. A wide range 
of OMT techniques can assist in alleviating these stressors. These 
OMT techniques include high velocity-low amplitude, muscle 
energy, and articular and functional techniques, among others.

RESPIRATORY-CIRCULATORY MODEL

This model addresses altered respiratory mechanics that may pre-
dispose to congestive changes, decreased lymphatic fl ow, venous 
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The benefi ts of OMT for CGH include decreased pain 
frequency, intensity, and duration (31); improved ability to perform 
activities of daily living and work activities; and decreased reliance 
on analgesic and other medications that can have unwanted side 
effects and complications. The consensus among most practitio-
ners is that CGH should be treated with a combination of manual 
treatment, exercise, locally injected and oral medications, stress 
reduction counseling, and education. Surgery is reserved for refrac-
tory conditions.

PHYSICAL MEDICINE AND REHABILITATION 
PERSPECTIVE

In spite of additional knowledge and experience in managing cer-
vical spine disorders, the physician spine specialist oftentimes still 
fi nds the diagnosis of CGH to be quite challenging. Although 
various anatomical structures, including the cervical spine muscu-
lature, nerves, discs, and zygapophyseal joints, have been impli-
cated in the pathophysiology of CGH, there is limited evidence 
that supports any of these structures as clearly causing CGH. Most 
research regarding this issue has focused on examining patient 
symptomology in response to structure-directed treatment, includ-
ing facet and trigger point injection and cervical diskectomy and 
fusion. Diagnosing the cause of CHG is also made more challeng-
ing by the fact that it is oftentimes diffi cult to differentiate between 
cervicogenic, migraine, and tension-type headaches. Given these 
challenges, it is helpful to use an approach, such as the fi ve concep-
tual models, that addresses the various structures and pathological 
processes that may be concomitantly causing CGH.

One reason why it may be diffi cult to diagnose and defi ne 
the cause of CHG is that the upper cervical nerve roots innervate 
many of the structures typically suspected of causing CHG. These 
nerve roots converge with trigeminal nerve fi bers in the upper cer-
vical spinal cord, potentially explaining why nociceptive input from 
cervical spine structures may cause pain in the head and face. Diag-
nosis is also diffi cult due to the fact that there is no diagnostic or 
clinical fi nding that is specifi c for CGH. Historically, radiological 
abnormalities of the cervical spine have been used as diagnostic 
criteria for CGH (37). Even though radiographic abnormalities 
such as cervical spondylosis may be present when evaluating a 
patient with CGH, there is limited evidence demonstrating that 
these abnormalities are specifi c to CGH (38). Additionally, studies 
examining the cervical MRI studies of patients with CGH failed 
to demonstrate a difference between control subjects and those 
with CGH when evaluating for MRI abnormalities such as cervi-
cal disc bulging (30). While laboratory results may be abnormal in 
the presence of systemic disease, such as rheumatoid arthritis, there 
is also no laboratory marker that is specifi c for patients with CGH. 
Some research, however, has demonstrated that proinfl ammatory 
mediators may be higher in patients with mechanically induced 
CGH than those patients with migraine headache (39). Due to 
the equivocal nature of these diagnostic fi ndings, it is important 
that the spine specialist perform a detailed history and physical 
examination when evaluating a patient for CGH. This is helpful 
in identifying cervical spine disease, including cervical spondylo-
sis and nerve root compression, as well as excluding more serious 
conditions such as tumor or infection (40). Important components 
of the clinical evaluation include cervical range of motion, motor 
and sensory testing, and provocative testing for nerve root com-
pression. Clinical evaluation can also be helpful in differentiating 
CGH from migraine headache. These are often diffi cult to discern 
from one another due to the overlap in diagnostic criteria, includ-
ing photophobia and nausea. It appears that the most signifi cant 

that can be abolished with nerve blocks (22,23). Nerve blocks of 
the greater occipital nerve and lower cervical segments have also 
abolished headache symptoms, implying that these structures may 
become sensitized and thus involved in producing CGH (24,25).

Cervical somatic dysfunction has been thought to involve the 
trigeminal and spinal accessory cranial nerves, which innervate 
structures in both cervical and head regions. It is theorized that the 
TNC in the upper cervical spinal cord interacts with upper cervi-
cal peripheral afferents and the spinal accessory nerve (CN XI) to 
account for the bidirectional referral of painful sensations between 
the neck and the trigeminal receptive sensory fi elds of the face and 
head (17).

Muscle hypertonicity in the upper cervical and occipital 
regions may induce tension transmitted through the myodural 
connective tissue and elicit head pain. The facet joints between 
C1 and C2 produce pain in the posterior auricular area in the 
distribution of the greater occipital nerve. Diseases of the struc-
tures innervated by the vagus nerve may produce sensitization of 
upper cervical spinal segments and predispose the patient to upper 
cervical somatic dysfunction, leading to CGH (26). Cervicogenic 
pain has also been abolished with cervical myofascial trigger point 
and botulinum toxin injections, indicating peripheral sensitization 
in the soft tissues plays a role in CGH genesis as well. It has also 
been shown that increased levels of proinfl ammatory cytokines 
and nitric oxide are higher in patients with CGH compared with 
patients with migraine headaches and likely promote hyperalge-
sia (27). However, the lack of calcitonin gene–related peptide in 
symptomatic CGH patients indicates that the trigeminovascu-
lar system is not activated by this condition as it is in migraine 
patients (28).

Osteopathic physicians theorize that cervical mobilization and 
manipulation procedures decrease the afferent stimulus into the 
spinal cord from cervical joint receptors by relaxing the paraspinal 
muscles and releasing strain on the connective tissues and joints, 
thus relieving the pain of CGH. OMT and physical conditioning 
exercises for moderate to severe pain of any duration are effective 
for patients of all ages or gender (31–34). Ongoing exercise and 
physical conditioning programs can be benefi cial for long-term 
prevention and control of symptoms (35).

Although OMT is a highly safe procedure, there are poten-
tial risks associated with its use. The primary risk identifi ed in the 
literature is hyperextension coupled with rotation of the upper 
cervical spine due to concern regarding potential occlusion of the 
vertebral artery. Caution should also be exercised with patients 
with primary or secondary bone, neural or muscular disease as is 
true in any body region. Commonly accepted contraindications to 
manual medical treatment of mechanical cervical spine disorders 
include the following:

■ Vertebral or carotid artery dissection
■ Acute fracture of cervical vertebra or vertebrae
■ Metabolic or neoplastic bone disease in the cervical spine
■ Acute trauma to the head or neck without established diagnosis
■ Certain primary muscle or joint diseases
■ Patient refusal of treatment

Certain clinical conditions do not necessarily contraindicate the 
use of OMT but do require caution on the part of the osteopathic 
physician. For example, patients with congenital anomalies, such 
as those with Down Syndrome, may have deformities of the upper 
cervical spine that will alter the biomechanics in that region. Cau-
tion is also warranted in treating patients with rheumatoid arthritis 
as there may be laxity of the odontoid ligament and hypermobility 
of the AA joint.
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criterion in distinguishing CGH from migraine headache is the 
precipitation of headaches with movement of the neck or applica-
tion of pressure to the neck (41). Given the fact that the etiology 
of CGH may be multifaceted and that its diagnosis requires assess-
ment of multiple structures and physiological processes, it again 
may be useful to use the fi ve conceptual models when evaluating a 
patient with CGH.

Because of its multifaceted nature, management of CGH often 
entails a combination of treatments, including osteopathic manipu-
lative medicine (OMM), medication, injections, and surgery. As an 
expert in spinal disorders, the spine specialist is interested in better 
understanding the potential pain generating source of CGH, so as 
to potentially render more effective treatment. One way in which 
this is accomplished is through the use of cervical injection tech-
niques, which can be helpful in both diagnosing and treating the 
pain-generating structures causing CGH. These include cervical 
zygapophyseal joint and medial branch blockade for facet disease, 
epidural for degenerative disc disease and nerve root compression, 
and occipital and cervical nerve blockade, and trigger point or bot-
ulinum toxin injection for muscle spasm. Although there is limited 
evidence supporting the effi cacy of these techniques, it does appear 
that patients may experience some degree of pain relief if their 
CGH is secondary to a well-defi ned disease process. The idea that 
CGH may be due to abnormal muscle tension is potentially sup-
ported by a study, which found that injection of botulinum toxin 
into the cervical paraspinal muscles signifi cantly reduced pain and 
increased cervical range of motion (42). Surgical techniques such 
as anterior diskectomy and fusion are typically reserved for refrac-
tory cases that demonstrate clear cervical spine pathology, includ-
ing cervical radiculopathy and degenerative disc disease. Some 
studies have suggested that such surgical techniques are effective 
in treating CGH when it is associated with specifi c cervical spine 
pathology (43). Like much of the research examining the effi cacy 
of injection techniques, however, they are of limited value given 
their small sample sizes and suboptimal outcome measures. Inter-
estingly, it appears that cervical manipulation is the means of treat-
ment most supported by a reasonable body of literature (44). This 
includes a randomized controlled trial demonstrating that cervical 
manipulation utilizing high velocity amplitude technique resulted 
in reduced CGH intensity and frequency and analgesic use when 
compared to deep friction massage (45). This is an important point 
to consider when integrating osteopathic manual medicine into 
the treatment plan, whether that entails the physician performing 
OMM or referring a patient to a Neuromusculoskeletal Medicine/
OMM specialist.

SUMMARY

CGH is a common medical problem affecting a signifi cant per-
centage of the population. A holistic, patient-centered approach, 
consistent with osteopathic philosophy, principles, and practice, 
provides a strategy for optimal control of this condition in patients. 
Osteopathic physicians can use the tenets and organizing princi-
ples of osteopathic medicine, a fi ve-model approach to patient care, 
and their distinctive OMT modalities to achieve a high degree of 
success in helping patients with this condition.

REFERENCES

 1. Sjaastad O, Fredriksen TA, Pfaffenrath V. Cervicogenic headache: diag-
nostic criteria. Headache 1998;38:442–445.

 2. The international classifi cation of headache disorders: 2nd Ed. Cephalalgia 
2004;24(suppl 7):114–116.

Chila_Chap60.indd   944Chila_Chap60.indd   944 8/4/2010   7:53:01 PM8/4/2010   7:53:01 PM

http://www
http://www.utmb.edu/oto/Grand_Rounds_Earlier.dir/Fascial_Compart_Neck_1994.txt


 60 • CERVICOGENIC HEADACHE 945

38. Fredriksen TA, Fougner R, Tangerud A, et al. Cervicogenic head-
ache. Radiological investigations concerning head/neck. Cephalalgia 
1989;9(2):139–46.

39. Martelletti P, Stirparo G, Giacovazzo M, et al. Proinfl ammatory cytokines 
in cervicogenic headache. Funct Neurol 1999;14(3):159–62.

40. Nordin M, Carragee EJ, Hogg-Johnson S, et al. Assessment of neck 
pain and its associated disorders. Results of the Bone and Joint Decade 
2000–2010 Task Force on Neck Pain and Its Associated Disorders. Spine 
2008;33(suppl):S101–S122.

41. Sjaastad O, Bovim G. Cervicogenic headache. The differentiation from 
common migraine. An overview. Funct Neurol 1991;6(2):93–100.

42. Freund BJ, Schwartz M. Treatment of chronic cervical-associated headache 
with botulinum toxin A: a pilot study. Headache 2000;40(3):231–6.

43. Schofferman J, Garges K, Goldthwaite N, et al. Upper cervical anterior 
diskectomy and fusion improves discogenic cervical headaches Spine 
2002;27:2240–2244.

44. Haldeman S, Dagenais S. Cervicogenic headaches: a critical review. Spine J 
2001;1:31–46.

45. Nilsson N, Christensen HW, Hartvigsen J. The effect of spinal manipu-
lation in the treatment of cervicogenic headache. J Manipul Physiol Ther 
1997;20(5):326–330.

30. Coskun O, Ucler S, Karakurum B, et al. Magnetic resonance imaging of 
patients with cervicogenic headache. Cephalalgia 2003;23(8):842–845.

31. Nilsson N, Christensen HW, Hartvigsen J. The effect of spinal manipula-
tion in the treatment of cervicogenic headache. J Manipulative Physiol Ther 
1997;20:326–330.

32. Jull GA, Trott P, Potter H, et al. A randomized controlled trial of exer-
cise and manipulative therapy for cervicogenic headache. Spine 2002;27:
1835–1843.

33. Jull GA, Stanton WR. Predictors of responsiveness to physiotherapy man-
agement of cervicogenic headache. Cephalalgia 2005;25:101–108.

34. Bronfort G, Nilsson N, Haas M, et al. Non-invasive physical treatments 
for chronic/recurrent headache. Cochrane Database Syst Rev 2004;(3):
CD001878. DOI: 10.1002/14651858.CD001878.pub2.

35. Biondi DM. Physical treatments for headache: a structured review. Head-
ache 2005;45(6):738–746.

36. Educational Council on Osteopathic Principles. Core Curriculum Outline. 
Washington, DC: American Association of Colleges of Osteopathic Medi-
cine, 1987.

37. IHS, Headache Classifi cation Committee of the International Headache 
Society. Classifi cation and diagnostic criteria for headache disorders, cra-
nial neuralgias, and facial pain. Cephalalgia 1988;8(suppl 7):1–96.

Chila_Chap60.indd   945Chila_Chap60.indd   945 8/4/2010   7:53:01 PM8/4/2010   7:53:01 PM



946

Large Joint Injury in an Athlete
KURT HEINKING, PER GUNNAR BROLINSON, AND THOMAS A. GOODWIN61

K E Y  C O N C E P T S
■ Rotator cuff strains can develop as a result of repetitive overuse.
■ The kinetic chain associated with shoulder movements extends from the head to the pelvis.
■ Somatic dysfunction in any of the tissues associated with the kinetic chain can exacerbate and contribute to shoul-

der disorders.
■ An integrated approach to shoulder pain, including the use of manual medicine, can be effective in decreasing 

pain, reducing functional disability, and returning the patient to normal activities.

Past Medical History: 
Positive for gastroesophageal reflux disease, Hyperlipidemia, 
and menopause

Past Surgical History: 
Appendectomy at age 18, Tonsils and adenoids at age 6

Past Trauma History: 
Motor vehicle accident 1982 during which she sustained a 
minor concussion and whiplash

Family Medical History: 
Mother alive (age 75 HTN); type II diabetes; father deceased 
(cirrhosis of the liver at age 58); siblings, one brother (age 49), 
healthy

Gynecologic History: 
G2 P, 2002; LMP, 2 years ago; last mammogram, 1 year ago—
normal; last pap and pelvic, rectal exam 1 year ago—normal

Social History: 
Married; husband: Roger, 22 years;, 2 children: Mary––21, 
healthy and Grace––19, healthy; Denies tobacco use, illicit drug 
use, occasional alcohol (holidays). Patient is an office manager 
for a large medical group. She normally plays tennis four to 
five times weekly during the competitive season and one to two 
times weekly during the off-season.

Childhood Illnesses: 
Chicken pox, possible measles, Mononucleosis at age 18

REVIEW OF SYSTEMS
General: 
She denies fever, chills, and malaise

HEENT: 
She admits to occasional tension headaches, which have not 
changed since the onset of the shoulder pain. She denies diz-
ziness.

Cardiovascular: 
She denies chest pain, shortness of breath, fatigue.

CASE VIGNETTE

Ms. Jones is a 52-year-old Caucasian right-hand dominant 
high-level recreational tennis player who seeks medical care 
following an injury to her right shoulder.

CHIEF COMPLAINT
Acute exacerbation of chronic aching pain in her anterior/lat-
eral right shoulder for the past 6 weeks, after participating in the 
Regional United States Tennis Association (USTA) event.

HISTORY OF PRESENT ILLNESS
The pain has been present for the past 6 weeks. The pain began 
after participating in the USTA regional event where her team 
qualified for the State tournament. She noted that the pain 
began while playing in a doubles match during which she hit 
multiple overhead strokes in addition to normal serving in the 
closely contested match. Just prior to the regional event, she 
purchased a new racquet with all of the “latest technology.” She 
states that that the pain has not improved despite taking one 
week off from playing, and now she is developing stiffness of 
the right shoulder. The pain is affecting her in daily activities. 
She is concerned about the ongoing discomfort as she wants 
to begin to prepare for the State tournament with her team. 
She describes her pain as being a constant 5/10 in intensity 
and having a burning/aching quality. When she attempts to 
reach overhead, the pain increases to a 7/10 in intensity. The 
pain radiates to the right medial scapular border and also down 
the biceps muscle anteriorly. She has difficulty sleeping on her 
right side night as she develops pain in the region of the del-
toid insertion. She notes that she cannot hook her bra or put a 
sweater on overhead without significant discomfort. She denies 
having significant neck pain, but does have some stiffness in 
turning left and right. She denies having numbness or weakness 
involving her right hand. She denies chest pain, fever, shortness 
of breath, cough, or stomach upset. She has had shoulder pain 
on the right side in the past that resolved with home treatment. 
She has taken naproxen sodium 220 mg twice daily without 
improvement. She used ice on the shoulder for the first two 
days, but has not used any ice or heat since then. She has not 
had any other workup or imaging performed as of this time.
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Pulmonary: 
She denies cough, wheeze, and pain with breathing.

Gastrointestinal: 
She denies abdominal pain, nausea, vomiting, intolerance to 
fatty foods, excessive alcohol use, change in stools, and change 
in appetite.

Musculoskeletal: 
She denies pain, swelling and stiffness in other joints, although 
she does admit to episodes of mid and upper back pain.

Neurological: 
She denies weakness, numbness.

Endocrine: 
She denies weight change; she admits to occasional hot flashes. 
She is menopausal.

PHYSICAL EXAMINATION
Vital Signs: 
T 97.6, P 78, R 16, BP 140/ 82, height 5¢ 6², weight 148 lb

General: 
Alert, oriented, cooperative, neatly groomed, and an excellent 
historian. She appears younger than her stated age.

Skin: 
No rashes, no abnormal-appearing moles, normal hair and 
nails

HEENT: 
PERLA EOMI, Pharynx without erythema, No adenopathy, 
TM’s good cone of light without erythema, no nasal erythema, 
no sinus tenderness

Cardiovascualar: 
RRR without S3 S4 murmur, no clubbing, cyanosis, or periph-
eral edema. Equal pulses bilaterally

Lungs: 
CTA without rales, rhonchi, wheezes

Breast: 
No breast masses, nipples everted, no discharge, no axillary 
adenopathy

Abdomen: 
BS × 4 quadrants without rigidity, rebound, guarding, Neg 
CVA pain, No masses appreciated. No RUQ discomfort on 
palpation, Negative Murphy sign.

Neurological: 
CN’s 2 to 12 intact, DTR’s 2/4 bilateral, No sensory deficits, 
5/5 motor strength bilateral

MUSCULOSKELETAL
Upper Extremities: 
Right shoulder: Active abduction full, but with painful arc from 
50 degrees to full abduction. Active external rotation limited 
to 20 degrees secondary to pain. Active and passive adduc-
tion, flexion, extension and internal rotation full and pain free. 
Positive Jobe test (empty/full can), Positive Hawkins sign, Neg 
Speed’s test, Neg Drop arm test, Positive Neer test, Positive 

A/C tenderness, Neg subscapularis test (lift-off/Napoleon’s), 
Neg labral tests (O’Brien’s, Zaslav, Biceps load, Crank etc.), 
No gross scapular winging although observation of active scap-
ular motion reveals right scapula dyskinetic in early abduction 
coupled with flexion. Neg Roos test, No cyanosis, clubbing or 
edema, Pulses equal bilaterally, brisk capillary refill.

Lower Extremities: 
Full Hip, Knee, Ankle AROM PROM, Neg Lachman test, 
Neg joint line pain, Neg Mc Murray’s and Apley’s; Negative 
Patellar grind, Neg Hip comp. No cyanosis, clubbing or edema, 
Pulses equal bilateral, good capillary refill

OSTEOPATHIC STRUCTURAL EXAM

C5 is fl exed rotated and sidebent right, T4 is extended sidebent 
and rotated right, there is an exhalation dysfunction involving rib 
10 on right, L1 is fl exed rotated and sidebent right, right anterior 
innominate, left on left sacral torsion, right psoas hypertonic and 
tight, superior right sternoclavicular joint.

DIFFERENTIAL DIAGNOSIS

Table 61.1 outlines the differential diagnoses for shoulder pain.

WORKUP AND INTERPRETATION

Shoulder x-rays were obtained. These included an AP view, axillary 
view, scapular y view, and outlet view. The x-rays demonstrated a 
type II acromion with cystic change at the acromioclavicular joint. 
The humeral head was without osteoarthritis, fracture, or sub-
luxation. The remainder of the osseous anatomy was normal. An 
arthrogram of the shoulder was obtained. Again demonstrated is a 
type II acromion with cystic change at the acromioclavicular joint. 
Findings also included a full-thickness tear of the supraspinatus 
tendon with retraction. A small amount of fl uid was seen in the 
subacromial bursa. The humeral head was without osteoarthritis, 
fracture, or subluxation. The glenoid labrum appeared intact.

Diagnosis

The patient’s diagnosis based on the clinical history, examination, 
and diagnostic imaging was as follows: (1) full-thickness rotator 
cuff tear with retraction of supraspinatus tendon; (2) type II acro-
mion osteoarthrosis of the acromioclavicular joint; (3) somatic dys-
function: cervical, thoracic, rib, lumbar, sacrum, pelvis, and upper 
extremity; (4). scapular dyskinesis; (5) kinetic chain dysfunction; 
and (6) GERD (acid refl ux disease)—controlled currently.

Relevant Functional Anatomy

The shoulder complex is a loosely constructed highly mobile com-
plex of bones, muscles, and ligaments. It is designed for increased 
mobility to the upper extremity with only suffi cient stability to 
provide a proper foundation for muscular function that is vital for 
the performance of sports or activities of daily living. The shoulder 
complex includes both static and dynamic stabilizers. The static sta-
bilizers are Glenoid, glenoid labrum, capsule, ligaments (superior 
glenohumeral, middle glenohumeral, and inferior glenohumeral), 
joint cohesion, and intra-articular negative pressure.

The dynamic stabilizers are the rotator cuff muscles along with 
the long head of the biceps. The scapulothoracic stabilizers are the 
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rhomboids, trapezius, serratus anterior, and the pectoralis minor 
muscles (7).

The glenohumeral joint is multiaxial ball and socket synovial 
joint enclosed by a strong ligamentous capsule. This anatomic 
design allows for the joint’s tremendous mobility, but the unique 
bony structures sacrifi ce stability. The capsule is weak anteriorly 
and inferiorly (inferior glenohumeral ligament complex), allowing 
for instability or dislocation to commonly occur in that direction. 
The posterior capsule is commonly tight, which causes anterior 
translation and elevation of the humeral head. This situation can 
cause secondary impingement of the rotator cuff (as well as micro-
instability perhaps leading to gross instability) (1). Movement of 
the shoulder requires coordinated movement of the three joints 
(SC, AC, and GH) and the scapulothoracic articulation. All four 
of these components work together in a synchronous fashion to 
allow the extensive range of motion (circumduction). In any given 
arm position, the scapula aligns itself to allow the glenoid cavity to 
be in the best position to receive the head of the humerus.

The rotator cuff is critical to the dynamic stability of the gle-
nohumeral joint. The cuff is formed by the confl uent tendon of the 
supraspinatus, infraspinatus, teres minor, and subscapularis. The 
supraspinatus, infraspinatus, and teres minor insert on the greater 
tuberosity, whereas the subscapularis inserts on the lesser tuberosity 
of the humerus. Historically, the supraspinatus has been described 
as initiating abduction; however, recent evidence suggests that it is 
functionally more of a glenohumeral joint stabilizer (1). Because of 
its angle of insertion (70 degrees from the glenoid), the supraspi-
natus acts as a tensioner, applying a compressive force through the 
glenohumeral joint. Its synergistic action with the deltoid results in 
abduction. Without a properly functioning supraspinatus, impinge-
ment of the cuff between the humeral head and under surface of 
the acromion occurs. Over time, this allows the humeral head to 
glide anteriorly in the glenoid placing strain on the anterior capsule 

and ligamentous structures. This microinstability may eventually 
lead to frank subluxation and/or dislocation.

The teres minor and infraspinatus work synergistically to 
depress and externally rotate the humeral head. The subscapularis 
internally rotates and depresses the humeral head. During throw-
ing, the subscapularis and infraspinatus muscles are two of the most 
important dynamic stabilizers of the glenohumeral joint (1). The 
teres major functions along with the latisimus to extend internally 
rotate and adduct the humerus (2).

The majority of the vascular supply to the shoulder is supplied 
by the axillary artery. The axillary artery passes posterior to the 
pectoralis minor muscle and becomes the brachial artery at the 
inferior border of the teres major muscle. Branches from the axil-
lary and brachial arteries supply the structures of the shoulder, arm, 
forearm, and hand. Some investigators feel that there is a “criti-
cal zone” of potentially defi cient blood supply to the rotator cuff 
muscles secondary to the intrinsic vascular anastomotic properties. 
It is in this critical zone that rotator cuff tears can begin due to the 
relative avascularity of this region (1). One such example is in the 
supraspinatus tendon immediately proximal to its insertion on 
the greater tuberosity of the humerus (1).

Vascular tone and lymphatic fl ow are determined by the sym-
pathetic nervous system. The sympathetic innervation to the upper 
extremities arises from the upper thoracic spinal cord (T1-4). 
The sympathetic ganglia lie anterior to the rib head, in the fascia 
common to both structures. Nerve roots C5-8 and T1 form the 
brachial plexus. These nerve roots pass through the intervertebral 
foramen of the cervical vertebrae and pass between the anterior 
and the middle scalene muscles. The roots unite to form successive 
trunks, divisions, cords, and branches. The anterior and the middle 
scalenes can spasm, applying pressure to the brachial plexus. The 
thoracic inlet can be considered in both anatomical and functional 
terms. The anatomic boundaries include the manubrium of the 

T A B L E  6 1 . 1

Differential Diagnosis

Muscular/Tendinous Osseous Capsular Biomechanical Neurovascular Referred Pain Pattern

Rotator cuff 
tendonitis

Osteoarthritis Shoulder laxity/
instability

Impingement 
syndrome

Thoracic outlet 
syndrome

Diaphragm, liver, 
gallbladder

Rotator cuff tear Humeral stress 
fracture

Adhesive 
capsulitis

Scapular 
dyskinesis

Cervical 
radiculopathy 
radiculitis

Pancoast tumor or 
pulmonary pathology

Subacromial bursitis Labral tear Acromio-
clavicular 
dysfunction

Biceps brachii (long 
head) tendonitis

Pigmented 
villonodular 
synovitis

Somatic 
dysfunction

Deltoid muscle 
strain

Neuromuscular 
inhibition with 
abnormal muscle 
firing patterns

Trapezius muscle strain
Rhomboid muscle 
strain
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sternum anteriorly, the fi rst thoracic vertebrae posteriorly, and the 
fi rst rib laterally.

Physiology

Injury to a large joint sets up an infl ammatory cascade in the struc-
tures involved. The severity, intensity, and location of the infl am-
mation depend upon the mechanism of injury and the structures 
involved. For the shoulder, many times, the issue is repetitive over-
use. Tendonitis and subacromial bursitis occur commonly, as does 
tendonitis of the long head of the biceps. Because most shoulder 
problems are soft tissue in nature, pain, tightness, and stiffness with 
impaired mobility is a concern. Pain is usually due to impingement 
of the soft tissue structures under the coracoacromial arch. Stiffness 
and decreased range of motion are multifactorial and can be medi-
ated anatomically, biomechanically, and/or neurologically. Loss of 
strength may indicate rotator cuff tear but may also be related to 
the factors described above (5).

Osteopathic Patient Management

Any patient presenting with pain in the shoulder joint complex 
should receive a thorough osteopathic examination. Osteopathic 
techniques can be applied to the areas of somatic dysfunction in 
patients presenting with rotator cuff tear pathology. The mod-
els described below of structure-function relationships guide the 
osteopathic practitioner’s approach to diagnosis and treatment. 
The fi ve structure function models provide a framework for inte-
grating objective and subjective clinical fi ndings with osteopathic 
structural exam fi ndings.

Biomechanical Model

A kinetic chain is described as a sequencing of individual body seg-
ments and joints to accomplish a task. It generally functions from 
a base of support proximally and then proceeds distally, but this is 
entirely dependent on the task at hand. Because of the tremendous 
demands that overhead sporting activities place on the spine and 
the shoulder joint complex, the ability to recognize kinetic chain 
disorders related to the upper extremity and their interactions with 
related components of the musculoskeletal system is important for 
athletic medical practitioners. Due to the complexity of the ana-
tomic and biomechanical interactions as well as neuromuscular 
control issues, evaluation and accurate diagnosis are clinically chal-
lenging. Disruption of the kinetic chain, if left unidentifi ed, may 
lead to altered muscle fi ring patterns resulting in overload to con-
nective tissues (capsular laxity and instability, labral tears), or the 
joint itself (osteoarthritis, etc.). While the patient may complain 
of pain due to one traumatic event, the majority of shoulder prob-
lems result from repetitive overuse of the osteoarticular system and 
related neural, soft tissue, and muscular elements. This is especially 
true in overhead athletes, as they try to transmit the ground reac-
tive force from their pelvis and trunk through their upper extrem-
ity. Weakness of the abdominals, gluteus, and scapular stabilizers, 
with subsequent tightness of the psoas, hamstrings, latissimus 
dorsi, and upper trapezius, produces the substitution patterns that 
begin at the myofascial level, which may result in outlet obstruction 
at the coracoacromial arch. This situation is known as “impinge-
ment” (1). Impingement syndrome results in part from suboptimal 
biomechanical position manifesting grossly as protracted shoul-
ders, weak lower trapezius, and tight upper trapezius. As a result, 
the glenoid fossa’s abnormal position places stress on the anterior 
stabilizers (both static and dynamic) of the shoulder. Over time, 

this abnormal stress leads to loosening of the anterior capsule with 
subsequent tightening of the posterior capsule. This places stress 
on not only the joint capsule, but also the glenoid labrum. If left 
untreated, the asymmetric positioning causes abnormal load on the 
dynamic stabilizers (the rotator cuff muscles) that may eventually 
manifest as frank rotator cuff pathology. This situation can be sec-
ondary to internal pathology as just discussed or may result from 
external causes. In the case of scapular dyskinesis of primary origin, 
abnormal stabilization of the scapula again places the shoulder at a 
biomechanical disadvantage. This leads to abnormal scapular posi-
tioning as discussed above, which may lead to the same pathologic 
conditions.

Failure to assess the functional biomechanical factors related to 
the shoulder joint complex may lead to less-than-optimal results. 
For example, after a patient undergoes surgery for a torn rotator 
cuff, the mainstay of postoperative care is physical therapy. If the 
therapist and/or clinician fails to recognize dysfunction in the 
kinetic chain (scapular dyskinesis, altered muscle fi ring patterns, 
etc.) the patient’s altered biomechanics will place the shoulder and 
newly repaired cuff under the same abnormal forces as before and 
result in a suboptimal outcome.

Impingement is caused by a decrease in the subacromial space 
and compression of the rotator cuff tendons under the subacromial 
arch. Tension in the latissimus dorsi causes internal rotation and 
adduction of the humerus, further causing the greater tuberosity 
of the humerus to impinge upon the acromion. Weak abdominals 
cause an increase in the lumbar lordosis, an increase in the thoracic 
kyphosis, a slumped posture and forward head. The forward head 
position causes tightness of the scalenes and myofascial strain of the 
thoracic inlet, clavicles, and shoulders. The clinical biomechanical 
summation of the above results in a “functional thoracic kyphosis” 
characterized by rotator cuff impingement resulting from scapular 
dyskinesis (protracted scapula) and may ultimately lead to rotator 
cuff muscle fi ber failure.

Form follows function. Given enough time, the biomechanical 
and neuromuscular dysfunctions described above can result in bony 
and soft tissue changes leading to a painful shoulder syndrome for 
which the patient seeks medical attention. Functional evaluation of 
this patient’s complaint often reveals that the inciting event is part 
of a longstanding underlying process of kinetic chain dysfunction.

The key in any patient with somatic dysfunction is the restore 
normal structural alignment to allow the kinetic chain to function 
properly (form follows function). In this patient, when consider-
ing the biomechanical model, the physician needs to address the 
fl exed lumbar dysfunction and the psoas tension. By treating these, 
the normal sacral motion should be restored, which will allow the 
ground reactive force to be effi ciently transmitted up the kinetic 
chain. Osteopathic treatment will also restore functional mobil-
ity to the thoracolumbar junction. This will improve diaphragm 
motion and decrease latisimus tension. Treatment of the upper 
thoracic dysfunction should correct scapular dyskinesis. The result 
will be restoration of normal postural alignment and kinetic chain 
function.

Respiratory/Circulatory Model

Osteopathic manipulation may be used to improve blood fl ow to the 
area of injury and remove edema, which may assist in pain reduc-
tion and improve mobility. The axillary vein receives tributaries that 
correspond to the branches of the axillary artery and receives venae 
comitantes of the brachial artery. The subclavian vein passes over 
the fi rst rib and below the clavicle, crossing over the anterior sca-
lene muscles insertion on the fi rst rib (3). The left brachiocephalic 
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vein passes posterior to the left sternoclavicular joint then crosses 
the midline. The right subclavian lymphatic trunk drains into the 
right lymphatic duct. The left subclavian lymphatic trunk drains 
into the thoracic duct. Somatic dysfunction affecting the venous 
system may also affect lymphatic drainage, thereby producing con-
gestion in the upper extremity (4). Fascial restriction of the thoracic 
inlet and pectoral fascia can also cause lymphatic stasis of the upper 
extremity.

Improving motion in the lower thoracic region will help the 
function of the diaphragm from a mechanical prospective. Improv-
ing motion in the cervical region will help the function of the 
diaphragm from a neurologic perspective. Both restore normal dia-
phragmatic motion, which is the primary driving force to move 
lymph. This treatment should follow thoracic inlet release, which 
removes any proximal restrictions to lymphatic fl ow. In this patient, 
treatment of the right sternoclavicular restriction will further aid 
in this process by normalizing fascial tensions of the thoracic inlet. 
Then, attention is moved distally to remove pectoral and axillary 
restrictions. Originally, Spencer’s technique was described as a 
lymphatic technique for the upper extremity. Over the years, its 
clinical utility has broadened and it is often modifi ed to address 
other musculoskeletal dysfunctions of the upper extremity. It may 
be used in this case as an adjunctive treatment. Treatment of the 
distal arm and hand may be necessary as well if indicated.

Additionally, somatic dysfunction involving any of the fol-
lowing structures may affect arterial supply and venous return (4): 
anterior and middle scalenes, upper thoracic vertebrae, upper ribs, 
clavicles, and the fascia of the upper extremity.

Neurological Model

Another objective is to normalize neurologic input to the upper 
extremity. Sympathetic innervation to the shoulder joint complex 
is mediated through treatment of the T4 dysfunction and the asso-
ciated ribs. Increased sympathetic tone to the upper extremity can 
cause vasoconstriction, edema, sensitivity of the nerves, irritability 
of the muscles, and sweat gland overactivity. OMT in this region 
can improve those related pathophysiologic fi ndings.

Also peripheral fascial restrictions are removed to limit com-
pression of nerves supplying the region. Tension in the anterior 
scalenes and the thoracic inlet can compress the neurovascular 
bundle, impairing nerve transmission and vascular supply to the 
rotator cuff and scapular stabilizing muscles. Removal of the fas-
cial restrictions and resultant compression to the neurovascular 
bundle will facilitate axoplasmic fl ow, enhancing the nerves trophic 
function.

Metabolic-Energy Model

Effi cient transfer of energy in the overhead athlete is vital to per-
formance. While the biomechanical implications of this have been 
discussed, metabolic processes are also responsible. These manifest 
grossly in the cardiac, respiratory, neurological, and psychological 
systems. One analogy is to envision the body as a large machine. The 
cardiovascular system is the engine that drives the metabolic sys-
tem. This diverse system has the ability to adapt quickly to chang-
ing needs. When needed, the system shifts from the homeostatic 
life-sustaining mode to supercharged state for athletic activity. This 
is mediated at the cellular level as cell depolarization that results 
in measurable changes in cardiac output that enable the athlete 
to meet the demands placed upon him or her by athletic activity. 
The “fuel” that drives this system is supplied by the pulmonary sys-
tem via the gas exchange that occurs at the level of the pulmonary 

capillaries. This oxygen-rich blood is transported through the larger 
pulmonary veins and eventually to the left atrium. This fuel is then 
supplied to the neuromusculoskeletal system and throughout the 
rest of the body. Occasionally, these systems function together with 
perfect harmony and precision. The integration of these processes 
combined with the infl uence of psychological factors leads to an 
effi ciently functioning machine that some have referred to as the 
“quantum athlete.” Some believe this balance is responsible for an 
athlete’s “court sense” or “being in the zone.” Under these ideal cir-
cumstances, there is optimal balance between energy expenditure 
and energy intake. Disruption in any of these metabolic processes, 
as in an injured athlete, shifts the balance and leads to an ineffi cient 
system (8).

Behavioral Model

An athlete’s mood is affected whenever he or she is restricted from 
practice and competition. Often an athlete’s perception of him-
self or herself is intimately tied to their athletic performance. The 
effects of an athlete’s injury can manifest in many different ways 
and can impact psychosocial, cultural, behavioral, and spiritual ele-
ments. In an affected athlete, this can infl uence interpersonal rela-
tionships, social interactions, school, and/or work performance.

Cognitive learning theory and skills that apply to the athletic 
setting include self-effi cacy, arousal regulation, attentional focus, 
and mental imagery. During periods of injury, the athlete’s ability to 
access this system is altered, which can have signifi cant psychosocial 
and emotional impact. For the athlete, this is directly evident by the 
missed practice and playing time that affects their individual season 
as well as their teammates. The athlete often feels isolated from the 
team during treatments and can suffer from a “confi dence crisis.”

Self-effi cacy allows the athlete to actively participate in the 
rehabilitative process and regain confi dence in their ability to get 
better and return to competitive athletics. Enhanced self-effi cacy 
predicts psychological well-being, adherence to prescribed treat-
ments, and pain-coping mechanisms. Poor self-effi cacy produces 
mood fl uctuations, reduction in functional ability, and a feeling of 
helplessness that frustrates both the patient and the clinician if not 
understood (9). Enhancing self-effi cacy promotes decision-making 
skills and problem-solving ability through practice and role playing 
to deal with disease-related issues (10).

INTEGRATIVE TREATMENT APPROACH

As osteopathic physicians, we can use OMT as a powerful treatment 
tool for musculoskeletal complaints. Application of osteopathic 
principles is an important component in the treatment of musculo-
skeletal complaints. As has been discussed previously, restoration of 
proper function of the shoulder requires reestablishment of normal 
structure. Barring contraindications, OMT should be performed 
in all patients with shoulder complaints, as indicated, for this rea-
son. The type of treatment is based on the physician’s ability, the 
patient’s response and presentation, the type of dysfunction found, 
and time limitations of the practice.

While the body has the innate ability to self-heal, adjunctive 
therapies may be required, most patients will require a compre-
hensive approach including the appropriate use of other treatment 
modalities such as medications, injections, physical/occupational 
therapy, activity modifi cation, dietary changes, occupational 
changes, and counseling (or emotional support as discussed above) 
if necessary. In the patient with a full-thickness rotator cuff tear 
and pain in the shoulder joint complex, the decision between a sur-
gical or conservative approach may not always be straightforward. 
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Each case should be individualized based on patient desire, activity 
level, and long-term goals. A patient who wished for nothing more 
than pain relief would be treated differently than a patient who 
desired high-level physical activity. A detailed discussion of surgical 
options is beyond the scope of this chapter. If a surgical approach is 
elected, the specifi cs of the procedure should be considered. How-
ever, for the patients who undergo surgery, osteopathic treatment is 
a powerful adjunctive therapy postoperatively.

If conservative treatment is chosen, what should be the chrono-
logic sequence of rehabilitation? Typically, infl ammation is reduced 
with simultaneous improvement in range of motion. Then prop-
rioception, fl exibility, and strengthening occur. During these stages 
of rehabilitation, are different manipulative techniques required?

If conservative treatment is chosen, do the areas of somatic 
dysfunction need to be removed fi rst, or should exercises be pre-
scribed initially to help alleviate the somatic dysfunction? Where 
should treatment start? In the involved extremity, at the area of 
greatest restriction, or at a site distant from the injury?

A major goal in the treatment of acute shoulder pain is to 
control infl ammation. In addition to cryotherapy (icing), sys-
temic therapy with nonsteroidal anti-infl ammatory drugs will 
help resolve swelling and decrease pain. Local anti-infl ammatory 
measures (with corticosteroid medication or NSAIDs) can also be 
employed. Steroids or NSAIDs may be used topically by iontopho-
resis and phonophoresis during physical therapy, while subacromial 
bursal steroid injections may be performed as well. Additionally, 
some patients may require narcotic analgesic for short-term use. 
Muscle spasticity may need to be treated with muscle relaxers or 
benzodiazepines.

Activity modifi cation, work restrictions, and lifestyle change 
are important aspects of the rehabilitative process. For shoulder 
injuries, the physician needs to stress relative rest vs. absolute rest. 
If the patient begins to restrict certain ranges of motion secondary 
to pain, eventually the shoulder capsule will adapt to this decreased 
range of motion and a fi brous adhesive capsulitis will result. Many 
times, Codman pendulum exercises and wall walking exercises are 
prescribed to maintain mobility. Overhead movements should be 
modifi ed as they can exacerbate impingement. In the case of frac-
tures, dislocations, and surgeries, shoulder immobilizers are some-
times required for short periods of time.

Outcome Studies for Manual Treatment 
of the Shoulder

Described below are three randomized, controlled trials that 
showed promising results for the application of manipulation and 
physiotherapy in the management of shoulder pain.

The fi rst randomized clinical trial evaluating the effective-
ness of shoulder manipulation as an addition to standard care 
(i.e., nonsteroidal medication) compared with physiotherapy and 
corticosteroid injection was reported in the British Medical Jour-
nal by Winter and colleagues 1997 (6). A total of 172 subjects 
were randomized to receive one of the adjunct therapies after a 
standard 1-week treatment with anti-infl ammatory medica-
tion. Results showed that the shoulder girdle dysfunction group 
that received manipulation had a shorter duration of complaints 
and fewer reports of treatment failure than those that received 
physiotherapy.6

Berman and coworkers recruited 150 patients with shoulder 
symptoms and dysfunction of the shoulder girdle from general 
practices in the Netherlands. The patients were randomly assigned 
into usual care versus usual care plus manipulative therapy (up to 
six treatment sessions). At the end of the study period of 12 weeks, 
21% of the usual care group and 43% of the intervention group 
reported full recovery. This signifi cant difference in improvement 
was also observed at 52 weeks of follow-up.6

In a trial by Hay and associates, 207 patients with shoulder 
pain recruited from primary care clinics in the United Kingdom 
were randomly divided into a physiotherapy group and a corti-
costeroid injection group. At 6 months, 60% in the physiotherapy 
group and 53% in the injection group reported a minimum 50% 
drop in their disability scores.6

Risks and Benefi ts of Manipulative Treatment 
for the Shoulder

Complications or adverse events occurring after manipulation of 
the shoulder have not been reported in the literature (6). None 
of the clinical trials evaluating this modality have reported any 
complications or adverse events in patients with shoulder somatic 
dysfunction.

Risks of increasing shoulder pain, dislocation, and disability 
may occur if proper diagnosis is not made. For example, if the 
practitioner manipulates a hypermobile shoulder that is already 
unstable due to loss of integrity (i.e., tear) of the rotator cuff, 
labrum, or other primary shoulder structure, a poor outcome may 
result.

Manual medicine can be used to treat shoulder pain related 
to somatic dysfunction. Manual procedures can increase motion, 
strengthen weak muscles, lyse adhesions, and decrease pain. As 
described above, manipulative therapy for the shoulder girdle 
in addition to usual care by a general practitioner can accelerate 
recovery from shoulder symptoms and reduce their severity (6).
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K E Y  C O N C E P T S

■ Hand pain and stiffness is a common complaint in the elderly patient, and thorough history and physical exam 
need to be done to rule out an inflammatory condition.

■ Chronic hand pain and stiffness can adversely affect daily living activities and contribute to depression and 
a loss of personal motivation in an otherwise healthy individual.

■ An integrated approach to the management of the patient with hand pain and stiffness, including 
pharmacotherapeutics, osteopathic manipulation, and behavioral modification, can provide relief and 
improved function.

PAST TRAUMA HISTORY: MOTOR VEHICLE ACCIDENT 
1982, MINOR CONCUSSION, WHIPLASH INJURY
Family Medical History:
Father deceased secondary to alcohol-induced cirrhosis at age 
58, siblings: one brother aged 59, healthy, no family history of 
rheumatologic disorders other than OA

Gynecologic History:
G2 P 1011, LMP 12 years ago, last mammogram 2 years ago—
normal, last pap and pelvic, rectal exam 2 years ago—normal, 
last DEXA scan 2 years ago osteopenia

Social History:
Widowed—husband John passed 10 years ago, 1 son—Marty 
29 healthy, positive tobacco use (1 pk day intermittent for 35 
years), denies illicit drug use, occasional alcohol (holidays). 
Patient was an employee for a large nutrition store. She does 
not exercise regularly.

CHILDHOOD ILLNESSES: CHICKEN POX AND 
POSSIBLE MEASLES
Medications:
Alendronate Sodium: 70 mg wk, Atorvastatin Calcium: 40 
mg daily, Esomeprazole Magnesium: 40 mg daily, Naproxen 
Sodium: 220 mg twice daily, Acetaminophen: 500 mg four 
times daily prn, conjugated estrogens/medroxyprogesterone 
acetate tablets: 0.625 mg daily

REVIEW OF SYSTEMS
General:
She complains of fatigue and daily tension headaches. She 
denies fever, chills, change in appetite, or weight change.

Cardiopulmonary:
She denies chest pain, palpitations, and shortness of breath.

Neurological:
She denies numbness, weakness, and paresthesias of the 
extremities. She further denies any visual changes.

Musculoskeletal:
She admits to neck stiffness, bilateral hand pain and stiffness, 
daily tension headaches in the suboccipital and frontal region 

CASE VIGNETTE

Ms. Anderson is a 62-year-old Caucasian female who seeks 
medical care for chronic severe worsening hand stiffness and 
pain.

CHIEF COMPLAINT
A 3-month history of chronic aching pain in bilateral hands 
with associated morning stiffness lasting over 1 hour, as well as 
chronic daily headaches for the past year

HISTORY OF PRESENT ILLNESS
The patient denies any recent traumas. The pain has been 
affecting her in daily activities as well as in employment. Over 
the past 3 months, Ms. Anderson missed a significant amount 
of time at work and she lost her job. She worked at a health 
food store and had a difficult time stocking the shelves. She is 
concerned about the ongoing discomfort in her hands, as well as 
having daily headaches. She attributes both of these to a multi-
level cervical fusion 6 years ago. Her hand pain is approximately 
a 7/10 in. intensity with attempting to open jars, or perform 
repetitive tasks. She describes symmetrical joint stiffness in her 
hands, worse in the morning upon awakening, often lasting over 
1 hour. She further relates difficulty sleeping at night secondary 
to pain, predominantly in her neck. She notes that she cannot 
hook her bra, undo buttons, or knit a sweater without signifi-
cant discomfort. She has taken naproxen sodium 220 mg twice 
daily with minimal improvement. She used a heating pad for 
her neck, and “arthritis cream” for her hands, but has not used 
any ice as therapy. She has not had any other work-up or imag-
ing performed as of this time. She denies having numbness, 
weakness, or paresthesias involving her hands. She denies chest 
pain, fever, shortness of breath, cough, or stomach upset.

Past Medical History:
Osteopenia, osteoarthritis cervical spine, knees, hips; GERD 
(acid reflux disease), chronic daily tension headaches, hyperlipi-
demia, postmenopausal, last colonoscopy 1-year ago normal.

Past Surgical History:
Cervical fusion C5-7 at age 52, cervical fusion C2-5 at age 54, 
right knee replacement at age 59, appendectomy at age 18, ton-
sillectomy and adenoidectomy at age 6, C-section at age 29.
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described as a tight sensation. She denies shoulder and hip 
discomfort and jaw claudication.

PHYSICAL EXAMINATION
Vital Signs:
T: 97.6, P: 78, R: 16, BP: 150/82, height: 5'4'', weight: 138 lb.

General:
Alert, oriented, cooperative, affect somewhat flat, and a good 
historian. She appears her stated age.

HEENT:
PERLA EOMI, normal visual acuity. No xeropthalmia or 
xerostomia. Pharynx without erythema, no adenopathy, no thy-
romegaly, TMs good cone of light without erythema, no nasal 
erythema, no sinus tenderness, no tenderness over the temporal 
arteries or scalp

Neck:
Supple, no JVD or bruits. Some discomfort noted with full 
ROM

Skin:
No rashes, no abnormal appearing moles, multiple seborrheic 
keratoses (back), dry hair and nails. No petechiae, purpura, 
livedo reticularis, telangiectasias, or evidence of Raynaud phe-
nomenon

Breast:
No breast masses, nipples everted, no discharge, no axillary 
adenopathy

Cardiovascular:
RRR without S3 S4 murmur, no clubbing, cyanosis, or periph-
eral edema. Equal pulses bilaterally

Lungs:
CTA without rales, rhonchi, wheezes

Abdomen:
BS × 4 quadrants without rigidity, rebound, guarding, Neg 
CVA pain, no masses appreciated. No RUQ discomfort on 
palpation, negative Murphy sign

Neurological:
CNs 2 to 12 intact, DTRs 2/4 bilateral, no sensory deficits, 
5/5 motor strength bilateral

Musculoskeletal:
Upper extremities: Active and passive adduction, flexion, exten-
sion and internal rotation of the shoulders full and pain free. 
Slightly decreased full extension of both elbows, but no nodules 
palpated or frank contractures noted. Tenderness over both lat-
eral and medial epicondyles bilaterally. Tenderness and synovi-
tis noted over the second and third metacarpal phalangeal joints 
and proximal interphalangeal joints (PIPs) bilaterally, with evi-
dence of underlying bony swelling consistent with Bouchard 
nodes on multiple PIPs. Several Heberden nodes also noted. 
No ulnar deviation appreciated. Nails appear brittle with ridges, 
but no pitting is observed. No cyanosis, clubbing, or edema. 
Pulses equal bilaterally, brisk capillary refill noted. Negative 
Tinel and Phalen sign. No thenar atrophy. Normal nail fold 
capillaroscopy

Lower extremities: Full hip, knee, ankle AROM PROM, 
negative Lachman test, negative joint line pain, negative Mc 
Murray and Apley; negative Patellar grind, mild crepitus noted 
in left knee. Negative hip compression test. Positive Bunion 
deformity of both great toes with tenderness of the metatar-
sal phalangeal joints bilaterally, without synovitis. No cyanosis, 
clubbing, or edema. Mild onychomycosis of the toenails. Pulses 
equal bilateral, good capillary refill

Osteopathic Structural Exam:
Sphenobasilar compression with a right lateral strain, bilateral 
occipitomastoid compression. C2 rotated left, occiput rotated 
right, and sidebent right, T4 ERS right, increased paraspinal 
muscle tension bilaterally at T10-12 and T12-L3 sidebent left 
and rotated right, sacrum has a left on left forward torsion, 
right sternoclavicular joint is superior with fascial restriction 
bilaterally in the upper extremities, short right leg, ribs 4 and 
5 on the right have an inhalation dysfunction, and first rib on 
the right is elevated.

DIFFERENTIAL DIAGNOSIS
The most common pathophysiological processes that need to 
be considered in the differentiate diagnosis of bilateral hand 
pain and stiffness are mechanical, inflammatory, and neuro-
logical (Table 62.1).

T A B L E  6 2 . 1

Differential Diagnosis for Symmetric Hand 
Stiffness and Pain in an Elderly Patient

Mechanical a. Extensor tendonitis
b. Repetitive overuse
c. Thoracic outlet syndrome
d. Compartment syndrome
e. Osteoarthritis of the hands
f. Cervical Spondylosis

Hemochromatosis
Inflammatory g. Rheumatoid arthritis

h. Psoriatic arthritis
i.  Calcium Pyrophosphate 

Dihydrate Deposition Disease 
(CPPD or Pseudogout)

j. Systemic Lupus Erythematosus
k.  Seronegative 

Spondyloarthropathies
l. Scleroderma

m. Polymyalgia rheumatica
n. Polyarticular gout
o. Bechet syndrome
p. Reactive arthritis

Infectious arthritis
Neurologic q. Peripheral neuropathy

r. Bilateral carpal tunnel syndrome
s. Cervical stenosis/radiculopathy
t. Syringomyelia/myelopathy
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Dysfunction in these muscles alters the position of the scapula, 
which in turn alters the position of the upper extremity. Trigger-
points in these muscles can refer pain into the upper extremity.

The cervical spine supplies neurologic innervation to the upper 
extremities. From an anatomic perspective, a smooth cervical lor-
dosis, adequate intervertebral disc height, and patent neuroforam-
ina are desirable. However, with degeneration due to aging, genetic 
factors, trauma, postural effects and repetitive overuse, the anatomy 
of the cervical spine may be far from optimal. The cervical verte-
brae from C2 to C7 are saddle shaped and contain a specialized 
set of synovial joints on the lateral surface of the vertebral bod-
ies. These are known as uncovertebral joints (uncinate) or joints of 
Luschka, and provide stability to the cervical spine. They may also 
decrease the likelihood of herniated nucleus pulposus in the cervi-
cal region. The joints of Luschka are not synovial in nature; thus, 
infl ammatory arthropathies would spare these areas. However, the 
facet joints and atlantal-axial joint have synovial membrane that 
could be involved in infl ammatory arthropathies. At the base of 
the skull, the tectoral membrane (occipital-axial ligament) is a 
strong continuation of the posterior longitudinal ligament that lies 
immediately behind the body of the axis. The alar ligaments are 
short, strong bundles of fi brous tissue directed obliquely upward 
and laterally from either side of the upper part of the odontoid 
process to the medial aspect of the occipital condyles (2). They are 
often referred to as the “check” ligaments. The transverse ligament 
of the atlas is a broad strong triangular ligament arching across the 
ring of the atlas and fi rmly anchored on each side to a tubercle in 
the medial surface of the lateral masses of the atlas. The transverse 
ligament has two fascicles layered in a crosswise fashion, which 
gives it a cruciate confi guration. The transverse ligament portion of 
the cruciate ligament complex supports the atlas in rotating about 
the dens. The anterior surface of the spinal cord lies immediately 
posterior to the transverse ligament. Rupture of this ligament (or 
laxity, which may occur with rheumatoid arthritis) creates the pos-
sibility of the dens contacting the spinal cord and causing cata-
strophic neurologic damage. The cervical spinal canal is wider at 
the atlantoaxial level and narrows maximally at the C6 level. The 
cervical cord itself is wider from C3 to T2, corresponding to the 
increase in nerves supplying the upper extremities (2).

In the cervical spine, the discs are thicker anteriorly than pos-
teriorly and are entirely responsible for the normal cervical lordosis. 
Each disc is situated between the cartilaginous endplates of two 
vertebrae. Successive layers of these fi bers slant in alternate direc-
tions so that they cross each other at different angles depending 
on the intradiscal pressure of the nucleus pulposus. Positions of 
the cervical spine affect intradiscal pressure. Intradiscal pressure 
is least in the supine position, and extension of the cervical spine 
results in the greatest intradiscal pressure (3). After 50 years of age, 
the nucleus pulposus becomes a fi brocartilaginous mass that has 
characteristics similar to those of the inner zone of the annulus 
fi brosis (3).

The thoracic inlet is anatomically defi ned as the area above the 
clavicles; between the sternum, the fi rst thoracic segment (T1), and 
the fi rst rib. The brachial plexus and the subclavian artery travel 
through this area. The subclavian artery traverses between the fi rst 
rib and clavicle (a potential site of compression) and then between 
the anterior and middle scalene muscles. The brachial plexus also 
travels between the anterior and middle scalene muscles. The 
thoracic outlet is the area where the neurovascular bundle travels 
between the clavicle and fi rst rib, exiting between the anterior and 
middle scalene muscles. The subclavian vein passes over the fi rst 
rib anterior to the anterior scalene muscle, so it is not involved 
in compression (2). Moving toward the arm, the subclavian artery 

WORKUP AND INTERPRETATION
Cervical spine and bilateral hand x-rays were obtained. The 
cervical spine films showed A-P, lateral, oblique, and open 
mouth views were obtained. There is a reversal of the normal 
cervical lordosis. There is no fracture or subluxation. There is a 
stable appearing cervical fusion from C2 to C7. Diffuse degen-
erative changes are seen from C4 to C7. Facet hypertrophy is 
seen at the C5 to C7 levels. Degenerative changes are seen from 
C0 to C2 suggesting an arthritic process. No evidence of atlan-
toaxial instability, but full cervical spine series with flexion and 
extension views needed to adequately evaluate. Clinical correla-
tion advised.

A-P and lateral views of the hands were obtained. There 
are no fractures or subluxations appreciated. Periarticular soft-
tissue swelling with a fusiform appearance and juxta-articular 
osteopenia noted in interphalangeal joints. Suggestion of small 
marginal erosions along second and third metacarpophalangeal 
joints. Some diffuse joint space narrowing noted. Sclerosis and 
osteophyte formation predominantly involving distal interpha-
langeal joints bilaterally, with limited PIP involvement.

DIAGNOSIS
The patient’s diagnosis based on the clinical history, examina-
tion, and diagnostic imaging was as follows:

1. Rheumatoid arthritis
2. Osteoarthritis of the cervical spine, knees, and hands
3. Somatic dysfunction: cervical, thoracic, rib, lumbar, sacrum, 

pelvis, and upper extremity, lower extremity
4. Osteopenia
5. Multilevel cervical fusion × 2
6. GERD (acid refl ux disease)-controlled currently
7. Hyperlipidemia
8. Tobacco abuse

Relevant Functional Anatomy

In a patient with a bilateral upper extremity complaint, a func-
tional anatomy review should cover the thoracic spine and ribs, the 
cervical spine, the thoracic inlet, and fi nally the forearm wrist and 
hand. This is because from a biomechanical standpoint, each of 
these areas can produce, intensify, or be related to the symptoms in 
this patient. Osteopathic manipulative treatment of these anatomic 
areas may also improve the patient’s symptoms; therefore, a prior 
knowledge of the anatomy is necessary in order to carry out these 
procedures.

The upper thoracic spine neurologically infl uences the upper 
extremity via the sympathetic nervous system. The sympathetic 
innervation to the upper extremities arises from the upper thoracic 
spinal cord (segments T1–4). The sympathetic ganglia lie anterior 
to the rib head, in the fascia common to both structures. Dysfunc-
tion in the upper thoracic spine and ribs may increase sympathetic 
tone to the upper extremity and produce altered motion, nerve dys-
function, and lymphatic and venous congestion (1). Increased sym-
pathetic tone is accompanied by palpatory fi ndings in the upper 
thoracic/rib area and increased sensitivity to painful stimulus. 
Restricted motion or position of the ribs, and abnormal position 
of the costovertebral joints can apply fascial tension to the sym-
pathetic chain ganglia. The upper thoracic spine and ribs are the 
origin for the scapular stabilizing muscles. These muscles include 
the rhomboids, serratus anterior, trapezius, and pectoralis minor. 
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articular cartilage, and subchondral bone forming articulating 
surfaces in an attempt to work in concert with the musculoskel-
etal system making demands upon joint structure and function as 
a whole. Normally, articular cartilage is produced, and functioning 
bone is maintained, through cellular metabolism, circulation, res-
piration, synthesis, and remodeling. Homeostasis is a physiologic 
process by the organism to preserve form and function, an effort 
that declines in effectiveness as the organism ages.

Manifestations of Joint Disease

Joint disease in general can be monoarticular or polyarticular in 
nature. Monoarticular joint symptoms may be caused by many dis-
eases, including infectious, traumatic, and crystal deposition dis-
eases as well as noninfl ammatory conditions, such as osteoarthritis 
or avascular necrosis. Some infl ammatory polyarticular diseases 
may occasionally present with monoarticular symptoms as well, 
such as early rheumatoid arthritis, psoriatic arthritis, viral arthri-
tis, or reactive arthritis. Monoarticular joint disease by chronology 
can be transient (intermittent hydrarthrosis), acute (septic arthri-
tis, trauma, gout), or subacute/chronic (pseudogout, neuropathic 
Charcot, tumor, infectious granuloma, TB, or osteoarthritis) in 
nature. Polyarticular joint disease in infl ammatory arthritis often 
presents with symmetric, small joint involvement in diseases such 
as rheumatoid arthritis, SLE, psoriatic arthritis, and viral hepatitis. 
Polyarticular diseases with acute presentations include infectious 
arthritides, such as gonococcal, meningococcal, viral, Lyme disease, 
acute rheumatic fever, and bacterial endocarditis. Infl ammatory 
polyarthritis that may be either acute or chronic in nature includes 
diseases such as rheumatoid arthritis, juvenile idiopathic arthri-
tis, systemic lupus erythematosus, reactive arthritis, polyarticular 
gout, psoriatic arthritis, and arthritis associated with sarcoidosis. 
Noninfl ammatory polyarticular symptoms commonly arise from 
osteoarthritis, calcium pyrophosphate deposition disease (CPPD), 
fi bromyalgia, benign hypermobility syndrome, and hemochroma-
tosis (5). In this case, we will focus on both osteoarthritis and rheu-
matoid arthritis.

Pathophysiology

Osteoarthritis
Osteoarthritis (OA) is a disease process that characteristically 
includes degeneration of articular cartilage, subchondral sclerosis, 
hypertrophy of bone at joint margins (osteophytes), and multiple 
alterations in the synovial membrane as well as the joint capsule 
itself. There are multifactorial considerations germane to a discus-
sion of the pathogenesis of OA, including biomechanical infl u-
ences (isolated macrotrauma or repeated microtrauma), genetic 
alterations, and the relationship to aging, particularly with regard 
to morphologic changes in cartilage matrix composition and 
structure.

While aging is considered the most signifi cant risk factor for 
the development of OA, obesity, mineral deposition, and systemic 
hormones all impart a higher risk for OA.

Morphologic, biochemical, and metabolic changes occur 
in OA. In early OA, irregularity of the surface of articular carti-
lage and changes in proteoglycan distribution occurs, followed by 
eventual ulceration of cartilage with exposure of bone, resulting in 
attempts at self-repair. Local repair involves increased chondrocyte 
concentration, and new bone formation in the form of osteophytes. 
Biochemical changes vary during the stages of OA, with increased 
water content of articular cartilage in early OA, and increased 
collagen and diminished proteoglycan concentrations later in the 

becomes the axillary artery at the lateral border of the fi rst rib. The 
axillary artery passes posterior to the pectoralis minor muscle and 
becomes the brachial artery at the inferior border of the teres major 
muscle. Branches from the axillary and brachial arteries supply the 
structures of the shoulder, arm, forearm, and hand.

Lymphatic compression can also occur, usually due to myofas-
cial restrictions. The major lymph nodes of the upper extremities 
are found in the fi brofatty connective tissue of the axilla. They are 
arranged in fi ve groups, four of which lie inferior to the pectoralis 
minor tendon and one lies superior to it. The thoracic duct is on 
the left and drains into the brachiocephalic trunk.

The three main peripheral nerves of the upper extremity include 
the median nerve, the ulnar nerve, and the radial nerve. Under-
standing the innervation of each and site of potential compression 
is important. Compression of the median nerve in the carpal tun-
nel (carpal tunnel syndrome) typically causes sensory symptoms 
such as night pain, paresthesias, and numbness in the hand in the 
radial three and one half digits. Symptoms may be referred proxi-
mally from the hand toward the forearm and even the elbow and 
may be reproduced or elicited by Phalen maneuver or Tinel sign. 
Thenar muscle weakness and atrophy represent advanced disease. 
Moving down into the hand, the scaphoid, lunate, and the triquetral 
bones articulate with the greater and lesser multangular, the capi-
tate, and hamate where motion between these rows of bones is freer 
in fl exion. If bony point tenderness is present in the face of hand 
trauma, always x-ray the hand, and in particular with respect to 
the anatomic snuff-box to make sure a navicular fracture is initially 
evaluated. The fi rst carpometacarpal articulation is cavoconvex, and 
classifi ed as a saddle-shaped joint. It is freely movable in two planes 
and rarely subject to dysfunction. The second to fi fth carpometa-
carpal joints are gliding joints. The fi fth is the most mobile, then 
the fourth. The second and third are fairly restricted in motion (4). 
Patients with arthritis of the wrists and hands can develop bony 
encroachment or irritation of tendons, blood vessels, and nerves. 
This may lead to comorbid conditions such as carpal tunnel syn-
drome in a patient with wrist osteoarthritis, or a de Quervain teno-
synovitis in a patient with thumb arthritis and instability of the fi rst 
carpometacarpal joint.

Motion, Posture, and Biomechanics

The cervical spine is better suited for mobility and is not required 
to transmit heavy loads. Precise control of head position and unre-
stricted movement is essential for normal functioning of the special 
senses. The saddle shape of each cervical vertebra provides mobil-
ity and stability. The anterior column composed of the vertebral 
body, longitudinal ligaments, and intervertebral disc provides some 
weight-bearing capacity, shock absorption, and a fl exible structure. 
The posterior elements composed of the osseous canal, the zyga-
pophyseal joints, and the erector spinae muscles protect the neural 
elements, and act as a fulcrum, to guide movement for the func-
tional unit.

Alterations in the degree of curvature in one area of the spine 
result in reciprocal alterations in curvature in other areas of the spi-
nal column to preserve the orientation of the body over the center 
of gravity. For example, an increase in lumbar lordosis results in 
increased cervical lordosis.

Physiology

Small joints, in particular those of the hand, are made up of a num-
ber of structures that allow for smooth motion, specifi city of func-
tion, and strength of purpose. The small joint structure includes 
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A complex array of constituents in the immune system interact 
to cause the initiation and perpetuation of infl ammation found in 
RA. Memory T cells, B cells, plasma cells, cytokines, macrophages, 
vascular endothelium, and rheumatoid factor all play important 
roles. Just a few of the memory T cells functions include enhanced 
T cell, macrophage, and antigen-presenting cell activation, while 
macrophages act as effectors, producing multiple proinfl ammatory 
cytokines, such as IL-1, IL-6, TNF, among others. Rheumatoid 
factors of multiple isotypes form immune complexes that not only 
fi x complement but also activate neutrophils. B cells are also found 
within the rheumatoid synovium, and although the exact mecha-
nisms involved in pathogenesis are yet unknown, the therapeutic 
use of rituximab, and a chimeric anti-CD20 (B cell) monoclo-
nal antibody, has produced signifi cant responses in patients with 
RA. Multiple cytokines exist within the rheumatoid synovium, 
exhibiting complex roles, including mononuclear cell migration, 
cell activation, and direct damage to articular cartilage and bone. 
Tumor necrosis factor-a (TNF-a) is an important proinfl amma-
tory cytokine, and TNF-blocking therapies (adalimumab, etaner-
cept, and infl iximab) have been successful in the treatment of RA. 
Newer therapies focused on cytokines currently under investiga-
tion or soon to be released include inhibitors for IL-15 and IL-17, 
and IL-6 blockade, respectively (10).

Osteopathic Patient Management

For any patient presenting with pain in the hands, a thorough 
osteopathic examination, using the fi ve-point structure function 
model, is essential. Osteopathic techniques can be applied to the 
areas of somatic dysfunction in patients presenting with arthritic-
type pathology. The models of structure-function relationships 
described below guide the osteopathic practitioner’s approach to 
diagnosis and treatment. These models provide a framework for 
integrating objective and subjective clinical fi ndings with osteo-
pathic structural exam fi ndings.

Biomechanical Model

Short leg mechanics can lead to a worsening of a patient’s arthritic 
upper extremity symptoms by adding postural stress to the upper 
extremity with resultant aches and pains. Vleeming’s work can be 
used to understand the anatomical relationship between sacral base 
unleveling from short leg mechanics, subsequent iliac crest unlevel-
ing, and the postural tension created in the shoulders through 
the latissimus dorsi muscle via the thoracolumbar fascia. Altered 
shoulder biomechanics can strain muscles and increase intrinsic 
pressure on the intra-articular tissues, both of which may exacer-
bate joint pain.

Another biomechanical consequence of postural imbalance 
is concomitant changes in the A-P curves. With a forward head 
position and protracted shoulders, the rotator cuff muscles, levator 
scapulae, and serratus posterior superior become tight and develop 
myofascial triggerpoints. Triggerpoints in these muscles refer to 
the upper extremity (14). Scalene tension can cause neurovascular 
compression as can elevation of the fi rst rib, narrowing the space 
between itself and the clavicle. All these factors can biomechani-
cally be related to painful syndromes in the upper extremity, includ-
ing the hands.

Respiratory/Circulatory Model

Another objective of osteopathic treatment is improvement of local 
blood fl ow to the area of arthritis in the hands as well as removal 

disease. Early degeneration of cartilage is likely related to matrix 
metalloproteinases whose enzymes degrade both collagen and 
proteoglycans (6). The initial stages of OA are thus marked by a 
complex interplay of multiple factors, including increased cell prolif-
eration and synthesis of matrix proteins, proteinases, growth factors, 
cytokines, and other infl ammatory mediators by chondrocytes. The 
disease process ultimately affects the joint structure in its entirety, 
including cartilage, synovium, ligaments, and subchondral bone.

One central problem with osteoarthritis is that an adult articu-
lar chondrocyte has limited capacity to regenerate damaged origi-
nal cartilage matrix architecture. Indeed, an age-related reduction 
in chondrocyte function has been shown with the end result of 
morphologic and structural changes in aging articular cartilage, 
such as thinning of the articular surface, decreased size of matrix 
proteoglycans, and diminished strength and stiffness of the matrix 
(6). The chondrocyte may attempt to regenerate the matrix by 
mimicking early stages of cartilage development, but original car-
tilage cannot be replicated. Current pharmacological interventions 
do not include a proven structure-modifying approach. Cartilage 
tissue engineering (with or without replacement) or gene therapy is 
a possible approach in the future. Animal models of OA have yet to 
reproduce the human condition, perhaps in part because they often 
represent secondary rather than primary OA (7).

Rheumatoid Arthritis

Rheumatoid arthritis is a chronic systemic infl ammatory disease 
characterized predominantly by persistent, symmetric infl amma-
tion of multiple joints, although extra-articular manifestations may 
also occur. It is the most common infl ammatory arthritis, affecting 
approximately 1% of the population. The primary target in RA is 
the synovium, in which infi ltration of mononuclear cells, such as 
T cells and macrophages, synovial intimal lining hyperplasia and 
angiogenesis occur. A complex interplay between synoviocytes, 
T cells, B cells, and infl ammatory mediators eventually leads to 
aggressive cartilage destruction and progressive bony erosions. 
Untreated, rheumatoid arthritis often leads to progressive joint 
destruction, disability, and premature death.

Although extensive research has been conducted with regard to 
the pathogenesis of RA, the exact etiology remains elusive. Roles 
of multiple infl ammatory mediators, including cytokines, chemok-
ines, growth factors, adhesion molecules, and matrix metalloprotei-
nases, have been defi ned thus far. It is known that these mediators 
are responsible for both attracting and activating cells in the 
peripheral blood, in addition to local activation and proliferation 
of synoviocytes (8). Susceptibility to RA is likely resultant from a 
combination of environmental and genetic factors. One of the most 
signifi cant genetic risk factors uncovered thus far involves the class 
II MCH haplotype of an individual. Certain HLA-DR molecules 
are more commonly found in patients with RA (e.g., HLA-DR4), 
and consistency in a particular amino acid sequence in the third 
hypervariable region of the beta chain of MHC-susceptible alleles 
has led to the “shared-epitope” hypothesis. This hypothesis postu-
lates that presumed antigen(s) bind to this particular site, resulting 
in the cascade of infl ammation in RA (9).

Rheumatoid arthritis is also closely mimicked by transient 
arthritic conditions provoked by several microbial pathogens, lead-
ing to the consideration of infectious etiologies in the pathogen-
esis of RA. A role for infection in the development of rheumatoid 
arthritis has long been postulated, including potential bacterial and 
viral pathogens, but it has not yet been proven. Other potential 
antigens include heat-shock proteins, MHC molecules themselves, 
and certain epitopes within type II collagen (9).

Chila_Chap62.indd   956Chila_Chap62.indd   956 8/6/2010   1:27:09 PM8/6/2010   1:27:09 PM



 62 • MULTIPLE SMALL JOINT DISEASES IN AN ELDERLY PATIENT 957

scalenes and the thoracic inlet can compress the neurovascular 
bundle, impairing nerve transmission and vascular supply to the 
rotator cuff and scapular stabilizing muscles. Removal of the fascial 
restrictions and resultant compression to the neurovascular bundle 
will facilitate axoplasmic fl ow, enhancing the nerves’ trophic function. 
Tension of the pronator teres muscle in the forearm can compress 
the median nerve (pronator syndrome) producing hand symptoms 
as well (15). Stiffness of the joints of the hands and elbows can cause 
overuse of the forearm muscles to make up the motion lost. Stiffness, 
swelling, enlargement, and ulnar deviation of the digits can affect the 
small nerves in the hands. If these nerves are already sensitized from 
spinal facilitation, they will report increased levels of pain.

Metabolic Energy Model

Patients who have painful musculoskeletal conditions can require 
increased energy expenditure to function when compared to a 
healthy patient of the same age. Increased oxygen demand can 
cause fatigue if they have to ambulate a long distance with arthritic 
knees, hips, ankles, or feet. For those who repetitively use their 
hands, as in typing, upper extremity stiffness and pain can be 
problematic. They can become fatigued, make errors, and become 
frustrated. Both the working environment and the recreational 
environment may become affected, changing the patient’s ability 
to cope in comparison to their premorbid condition. Osteopathic 
patient management must address the factors that may contribute 
to energy demand and production.

If the clinician’s objective is to improve the patient’s energy 
fl ow and metabolic activity, then removing barriers to the proper 
function of physiological mechanisms is important. Osteopathy in 
the cranial fi eld recognizes the primary respiratory mechanism as 
a fundamental component of health (1990). According to Suther-
land model (1998), patients who have a signifi cant sphenobasilar 
synchondrosis compression do not have optimal function of the 
primary respiratory mechanism and therefore suboptimal recu-
perative capacity. Compression of the fourth ventricle, a cranial 
technique, has been hypothesized to assist in the normalization 
of cerebrospinal fl uid fl ow and other components of the primary 
respiratory mechanism (16).

Behavioral Model

Small joint disease presents a challenge in accomplishing these tasks 
subsumed under the concept of activities of daily living (ADLs). For 
those patients with small joint disease, simple tasks such as open-
ing a jar of pickles can present a constant reminder of declining 
capabilities. The challenge in caring for these patients is to provide 
alternative coping skills for the maintenance of spirit. When met 
with challenges, many people turn to prayer or spirituality to guide 
and strengthen their efforts to lead meaningful lives in the larger 
sense and to accomplish ADLs on a much smaller scale. Support 
groups may be of value, especially if the patient has expressed feel-
ings of isolation with regard to his or her disease. Patient educa-
tion can assist in the preservation of self-worth, and educational 
materials for patients with RA may be obtained from the Arthritis 
Foundation, American College of Rheumatology, and the National 
Institutes of Health. Encouragement along with the revelation of 
the many ways in which the patient can rise above the pain and 
diminished function that can accompany small joint disease can 
help them to achieve or maintain spiritual and behavioral satisfac-
tion. The goal is to achieve or maintain function at a premorbid 
level though this may not be possible in the long run. In this fash-
ion, patients with small joint disease with proper treatment can 

of edema to assist in pain reduction and improve mobility. This 
is done by addressing the areas of somatic dysfunction that may 
infl uence arterial, venous, or lymphatic fl ow. Our patient has dys-
function in the lower thoracic and thoracolumbar areas, both of 
which may infl uence diaphragm function. Improving motion in 
the lower thoracic region will help the function of the diaphragm 
from a mechanical prospective. Improving motion in the cervical 
region may help the function of the diaphragm from a neurologic 
perspective. Treating both regions will aid in restoring normal dia-
phragmatic motion, which is the primary driving force to move 
lymph and venous blood. This treatment should follow thoracic 
inlet release, which removes any proximal restrictions to lymphatic 
fl ow coming from the upper extremities. In the patient described 
in the case, treatment of the right sternoclavicular restriction will 
further aid in this process by normalizing fascial tensions of the 
thoracic inlet. Then, attention can be moved distally to remove 
pectoral and axillary restrictions, and then on to the elbow, wrist, 
and hand for the same purpose. Abnormal interosseous membrane 
tension of the forearm may contribute to lymphatic and venous 
stasis by altering the mechanics of radius and ulnar and their role 
in generating intracompartmental pressures. This is especially true 
in patients who repetitively use their forearms, as their muscles 
and fascias become tight. Peripheral fascial restrictions in the dis-
tal arms may affect the vascular structures traveling through them. 
Restrictions in the scalene muscles, fi rst rib or thoracic inlet may 
impede fl uid movement through the vascular bundle supplying the 
upper extremity. Treatment of these areas may improve lymphatic 
and venous drainage and arterial fl ow.

Neurological Model

The sacrum is the base of support of the spinal column; unleveling 
of the sacrum results in adaptive or compensatory curves in the ver-
tebral column. No matter if there is an “S”-shaped or a “C”-shaped 
adaptive group curve, there will be crossover points of the curve. A 
crossover point is where the curve changes direction. This vertebral 
unit is commonly found to have type II dysfunction. These seg-
ments can become facilitated and act as an “irritable focus” of neu-
ronal activity (11). If the crossover point is between T1 and T4, as 
it is in this patient, the upper extremities may be affected. Increased 
activity in somatic fi bers between T1 and T4 can be referred to the 
upper extremity via a somato-somatic refl ex. Dorsal root refl exes 
may activate primary afferent fi bers in the peripheral area served by 
the upper thorax resulting in the secretion of proinfl ammatory sub-
stances that may exacerbate arthritic symptoms. Increased nocicep-
tive activity at the level of T1–4 has the potential to activate fi bers 
in the adjacent lateral horn. As the sympathetic neurons become 
facilitated (12), the abnormal sympathetic drive affects vascular 
tone and peristalsis resulting in venous and lymphatic stasis in the 
upper extremities. Increased vascular tone can also make muscles 
stiff and noncompliant. Sympathetic overactivity will alter the 
secretory activity of sweat glands, and sensitize nocioceptors and 
mechanoreceptors (13).

One objective of osteopathic management is to normalize 
neurologic input to the upper extremity. Sympathetic innervation 
to the upper extremity may be infl uences through treatment of 
the upper thoracic and the associated rib dysfunctions. As stated 
above, increased sympathetic tone to the upper extremity can cause 
vasoconstriction, edema, sensitivity of the nerves, irritability of the 
muscles, and sweat gland overactivity. OMT in this region may 
improve those related pathophysiologic fi ndings.

Peripheral fascial restrictions may affect somatic nerves, in addi-
tion to the aforementioned vascular structures. Tension in the anterior 
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for musculoskeletal complaints. OMT is part of the Osteopathic 
physician’s overall treatment armamentarium and the use should 
follow from the careful consideration of Osteopathic principles and 
practice used in the evaluation of every patient. The use of OMT 
is frequently based on the physician’s ability, the patient’s presenta-
tion and responses, and the type of dysfunction found. OMT can 
be tailored to fi t almost any practice model. There are many benefi ts 
to osteopathic manipulation. Some of the primary benefi ts include 
increased range of motion, decreased pain, improved ADLs, and 
shortened disability time (quicker return to work). Some secondary 
benefi ts include reduced reliance on medications (especially narcot-
ics) and improved postural effi ciency (22). In patients with rheuma-
toid arthritis of the occipitoatlantal and atlantal-axial articulations, 
caution must be applied to the choice of technique used to treat 
the somatic dysfunction present. Rheumatoid arthritis of the upper 
cervical spine is a contradiction to thrust (HVLA)-type manipula-
tion. This is thought to be due to the relative laxity and instability 
in this region due to the infl ammatory process (23). However, it 
is also to be remembered that for subacute and chronic neck pain, 
spinal manipulation is more effective when compared with muscle 
relaxants or the usual medical care. Effi cacy was enhanced when 
combined with other modalities, such as exercise (24).

Pharmacologic Treatment

While the body has the innate ability to self-heal, therapies with 
pharmacological treatments are often essential in the treatment of 
an infl ammatory arthritis such as RA. Disease-modifying antirheu-
matic drugs (DMARDs), either alone or in combination, as well as 
biologic therapies (e.g., TNF-a blockers), and nonsteroidal anti-
infl ammatory drugs (NSAIDs) are often the cornerstone of treat-
ment therapies. Early and aggressive interventions may result in 
lower morbidity and mortality, as evidenced by slower radiographic 
progression, less disability, and fewer surgical interventions (25). In 
fact, recent studies have suggested that patients on methotrexate 
combination therapy or TNF inhibitors have less morbidity and 
mortality from cardiovascular events as well due to diminished sys-
temic infl ammation (26,27). Thus, even in the most skilled hands, 
most patients require a combined approach with the appropriate 
use of other treatment modalities including medications or local 
injections of corticosteroids to reduce infl ammation.

Physical and Occupational Therapy

The role of physical and occupational therapy is also of great 
importance, especially in the early treatment of an infl ammatory 
arthritis such as RA, but may also be benefi cial in OA as well. 
Physical therapy is usually considered for issues related to ambula-
tion or predominantly lower extremity dysfunction, while occupa-
tional therapy encompasses the upper extremity, focusing on the 
assessment of functional abilities within home/work environments. 
Patients should be evaluated for ability to engage in ADLs, ability 
to ambulate, level of fi tness, etc. Treatment modalities may then be 
fashioned to ensure joint function as well as joint protection, and 
steps may be taken to potentially prevent contractures or deformities 
(28). Joint protection interventions have been studied in patients 
with RA, and home hand exercises have resulted in improved 
grip strength as well as diminished morning stiffness (29–33). 
Another study evaluating joint protection and home hand exercises 
for patients with hand osteoarthritis also showed increased hand 
strength and global hand function, underscoring the importance of 
nonpharmacologic interventions in the treatment of both RA and 
OA (34). Whole-body strength training and gripper exercises have 

maintain their own self-image in addition to the way they are per-
ceived by society to be functioning as a whole. The osteopathic 
physician is well placed to provide not only physical and pharma-
cologic medicine, but also education and emotional support to 
assist the patient in achievement of shared goals.

Outcomes Studies and Best Evidence 
for Manual Treatment

Both osteoarthritis and rheumatoid arthritis are common problems 
and can be chronic disabling conditions. For many patients, conven-
tional therapies are not completely effective and are limited by side 
effects. This can lead to ongoing pain and frustration. Complemen-
tary and alternative medical therapies (CAM) therapies are defi ned 
as being outside scientifi c mainstream medicine. These nonpharma-
ceutical treatments are generally unproven in effi cacy but perceived 
as safe. The American College of Rheumatology (ACR) believes 
practitioners should be informed about cam therapies and be able 
to discuss them knowledgably with patients. Meanwhile, scientifi c 
studies are underway to test the effi cacy of these modalities. OMT 
may be considered a CAM therapy by some clinicians, while others 
feel it is an integral part of osteopathic patient care.

Conservative treatment for patients with hand arthritis (both 
RA and OA) may include (but is not limited to) the following: med-
ications, diet, heat or cold therapy, physical or occupational therapy, 
modalities, tens, braces and splints, injections, osteopathic manipula-
tion, chiropractic manipulation, massage therapy, and acupuncture.

Manipulative techniques for upper extremity complaints have 
been taught in the osteopathic schools’ curriculum since its incep-
tion. OMT has been shown to be benefi cial to decrease pain and 
increase patient’s function in a variety of clinical situations. Manip-
ulative techniques have been employed and studied in the treat-
ment of injuries and osteoarthritis of the fi ngers and hand (17). 
Yet, there none or few randomized controlled studies to show that 
OMT is benefi cial for patients with RA or OA of the hands.

There have been a number of studies in the literature reporting 
that acupuncture is effective in treating rheumatoid arthritis. One 
such study evaluated acupuncture in the treatment of rheumatic 
knee pain. As compared to sham treatment, the acupuncture group 
had improved pain scores for as long as 3 months after treatment 
(18). More studies assessing the effectiveness of acupuncture for 
rheumatoid arthritis are needed. There is moderately strong evi-
dence from the above studies to support the use of acupuncture as 
an adjunctive therapy for osteoarthritis.

A recent meta-analysis (19) of seven studies concluded that 
chondroitin sulfate may be useful in decreasing pain and improv-
ing function in osteoarthritis. Chondroitin sulfate may be useful in 
the treatment of osteoarthritis. Larger studies are needed to further 
examine the usefulness of chondroitin sulfate in osteoarthritis.

The application of pulsed electric device (PEMF) stimulation 
for osteoarthritis is a relatively new area. In two different studies 
(20,21), chronic knee osteoarthritis was treated with PEMF by way 
of skin surface electrodes. The treatment was superior to placebo in 
symptom reduction. The treatment also seemed to be cost effective. 
PEMF therapy is considered safe but should be avoided in those 
who are pregnant, with permanent pacemakers, and patients with 
known cancer.

Integrative Treatment Approach

Osteopathic Manipulation
As Osteopathic physicians, we often make use of Osteopathic 
Manipulative Treatment (OMT) as a powerful treatment tool 
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move the radial head, there may be that much less resistance to 
movement encountered from muscles attached to the radius. Simi-
larly, with small joint disease, working to release the carpal tunnel 
from undue pressure via the opponens roll technique may decrease 
pain perceived distally is the small joints of the fi ngers (40).

The emotional component to the patient’s condition needs to 
be evaluated and addressed. For example, the patient may not be 
compliant with therapy due to fi nancial constraints, personal rea-
sons, or other factors. This may result in delayed progress/healing 
and perhaps a sense of guilt that they are not doing everything they 
could for their condition.

SUMMARY

In conclusion, it is through the use of multiple modalities that we 
as osteopathic physicians can provide the most comprehensive and 
therapeutic treatment strategies for patients with both rheumatoid 
arthritis and osteoarthritis as it involves small joints of the hands. 
The combination of state-of-the-art pharmacologic interventions, 
physical and occupational therapies, and osteopathic principles and 
practice enable osteopathic physicians to uniquely enhance the 
lives of individuals affected by these debilitating and potentially 
devastating diseases.
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also been shown to improve dynamic and static grip strength while 
decreasing pain in older patients with hand OA (35). These thera-
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Multiple lines of evidence support the case for early interven-
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Surgical Intervention
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to consider to assist patients in their recovery and to enhance the 
healing process.

Treatment Sequence

A good rule of thumb for the practitioner is to assess how acute 
the area to be treated actually has become. There are many refl exes 
active in the body and generally the more normal relationships that 
can be established distant from an acute area the easier it will be 
to address that remaining acute area for a response. For example, 
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pain, but the patient’s main complaint is radial head dysfunction 
felt at the elbow. Advantage can be gained in relaxing to as nor-
mal a state the facilitated irritation being generated by the elevated 
fi rst rib, which can reasonably be expected to increase tone in distal 
musculature. By following this approach, when it comes time to 
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Lower Extremity Swelling in 
Pregnancy
MELICIEN TETTAMBEL

63
K E Y  C O N C E P T S

■ Swollen legs are a common condition of pregnancy and are often related to the physiologic hypervolemia of 
pregnancy.

■ A woman’s body undergoes many biomechanical adaptations as her pregnancy progresses; these may adversely 
impact the low-pressure systems of the body resulting in passive venous congestion.

■ While passive venous congestion is often a contributing factor in swollen legs during pregnancy, other causes must 
be ruled out.

■ Addressing tissue strains and compensatory postural adaptations to pregnancy may help alleviate passive tissue 
congestion and improve symptoms associated with peripheral edema.

Abdomen: 
Gravid abdomen, no tenderness to palpation, no venous 
distention

OB/GYN: 
Fundal height consistent with gestational age, fetal heart tones 
located in lower right quadrant with rate of 146

Extremities: 
No tenderness on palpation of lower extremities. Mild, nonpitting 
edema appreciated in both lower extremities, no edema in the 
upper extremities, and pulses are regular and intact. There is no 
venous distension and no signs of trauma are noted.

Neurological: 
Deep tendon reflexes +2/4 bilaterally symmetrical and equal in 
all extremities, sensory and motor are grossly intact.

Musculoskeletal: 
Gait and posture are unremarkable for this stage of pregnancy. 
There is a slight increase of lumbar lordosis and anterior pelvic 
tilt, but there is no tenderness to palpation of muscles of lumbar 
spine and pelvis.

Osteopathic Structural Exam: 
Lumbosacral junction is rotated to the left, and thoracolum-
bar junction is also rotated to the left. The right innominate 
is rotated anteriorly and the right pubic tubercle is inferior 
and tender to light palpation. The left quadratus lumborum is 
hypertonic and ribs 10 to 12 on the left are inferior compared 
with those on the right. There is restricted movement in exha-
lation of the lower ribs 6 to 12 bilaterally. The thoracic kypho-
sis is somewhat flattened, and there is tension in the cervical 
muscles bilaterally extending from the cervicothoracic junction 
to the suboccipital area. The cervicothoracic junction is rotated 
right, the occiput is sidebent right and rotated left, and C2 is 
rotated right. There is mild restriction at the left occipitomas-
toid area.

CASE VIGNETTE

Diane, a 26-year-old primigravid female, is seen for her prena-
tal care visit, complaining of swelling of both lower extremities. 
She is 29 weeks pregnant, and to date, has not had any other 
problems in her prenatal course.

Chief Complaint: 
Swelling of lower extremities

History of Present Illness: 
She reports that the swelling in her legs usually resolves by 
morning; but gradually increases throughout the day. Shoes 
become tight and uncomfortable as well. She denies trauma to 
the lower extremities or pelvis.

Past Medical History: 
Noncontributory

Past Surgical History: 
Negative

REVIEW OF SYSTEMS
She denies headache, dizziness, and nausea. She denies blurred 
and double vision. She denies high blood pressure. She admits to 
occasional acid reflux. She denies diarrhea and constipation. She 
denies change in tolerance to temperature. She admits to mild 
fatigue. She denies pain, burning, weakness, and paresthesias.

PHYSICAL EXAMINATION
Vital Signs: 
Blood pressure: 116/62, heart rate: 68 and regular, weight: 146 
lb (increased by 3 lb from last month’s visit). Urine dipstick 
indicates absence of glucose, protein, and nitrite.

Cardiovascular: 
Heart has a regular rhythm without murmur or gallop; all 
pulses are intact.

Lungs: 
Clear to auscultation and percussion
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DIFFERENTIAL DIAGNOSIS OF LOWER 
EXTREMITY EDEMA

Complaints of swelling of the face, hands and, especially, the legs 
and feet are common in pregnancy. This chapter describes the 
causes of lower extremity swelling in pregnancy from osteopathic 
and obstetric points of view. There are standard recommended 
guidelines for “routine” prenatal visits that are utilized by most 
obstetrical care providers (1–5). These guidelines identify poten-
tial problems of fetal growth and development, as well as maternal 
well-being. Baseline information such as maternal age, fi rst day 
of last normal menstrual period, number of pregnancies and their 
outcomes, maternal weight, employment activity, past and pres-
ent family and medical history is recorded. At each prenatal care 
visit, the following information is recorded: gestational age, weight, 
blood pressure, fundal height, fetal heart tones, and urine dipstick 
detection of glucose, protein, and maternal urine nitrites. Patient 
concerns are recorded with related care plans or screening tests. 
Next follow-up visit is also documented.

In the second and third trimesters of pregnancy, women are 
concerned about weight gain, fetal activity, fatigue, and edema. 
During this time, swelling may be the result of salt and fl uid reten-
tion, hormonal changes, alteration of cardiovascular, lymphatic and 
renal dynamics; and/or musculoskeletal changes to accommodate 
an enlarging uterus.

Eighty percent of pregnant women report swelling of the 
legs and feet in pregnancy (6). There are a variety of causes from 
benign physiologic changes to serious medical problems. Box 63.1 
lists some of the most usual differential diagnoses. Each of these 
potential causes will be discussed within the framework of the case 
presented at the beginning of this chapter.

Varicosities

Varicose veins, also known as varicosities, occur when a valve in 
the blood vessel wall weakens, causing stagnation of blood fl ow. 
Venous circulation slows as the venous walls dilate and distend. 
Just below the skin, the vein may swell into a small balloon-like 
structure. Leg veins are most commonly affected as they are work-
ing against gravity especially with prolonged standing. Pregnancy 
is a major contributing factor in the development of varicose veins 
as the enlarging uterus puts additional valvular pressure on veins 
of the pelvis resulting in hemorrhoids and varicosities of the vulva. 
The increasing weight of the expanding uterus also puts pressure 
on the inferior vena cava. Veins in the legs are most commonly 
affected by additional gravitational challenges to supply circulation 
to the lower half of the body.

Varicose veins are most commonly seen in women in North 
America and Western Europe where people may have more sedentary 

lives and utilize modes of transportation rather than walking long 
distances. Varicose veins are less common in the Mediterranean, 
South America, and India; and even more uncommon in the Far 
East and Africa, where obesity is not prevalent (7,8). The devel-
opment of varicose veins may also be due to a history of phlebitis, 
type of physical activity, or genetics (familial dominant, x-linked) 
(9). Parous women have a higher incidence of varicose veins com-
pared with nulliparous women and multiparous women have 
the highest risk (10). Previous pregnancy with resultant weight 
gain, and fascial and ligamentous laxity may have further tilted 
the pelvic bowl with its contents in a more anterior position. Tis-
sue changes, postural changes, and maternal age, in conjunction 
with weight changes, all may contribute to varicosities. Though 
varicosities often manifest in pregnancy, they may regress until 
the next pregnancy. Furthermore, there is no direct correlation 
between the severity of varicosities and the severity of the patient’s 
symptoms.

The development of varicose veins during pregnancy may 
be infl uenced by the combination of high cardiac output and an 
increase in the hormone progesterone that relaxes the muscular 
walls of the blood vessel. It is hypothesized that estrogen and pro-
gesterone receptors on saphenous veins may provoke venous dila-
tion and valve failure in pregnancy (11).

The most common symptoms of varicose veins are swelling, 
pain, night cramps, numbness, tingling, and heavy aching legs. The 
skin around visible venous distention may itch, throb, or feel like it 
is burning. Legs appear unsightly. Symptoms tend to worsen after 
long periods of standing and with each subsequent pregnancy. For 
some women, however, varicose veins and swelling may cause little 
or no discomfort.

On physical exam, pulses are intact, and neurological exam is 
unremarkable, and there may or may not be tenderness to palpation 
of the area of venous distention.

PASSIVE VENOUS CONGESTION

The same process responsible for varicose veins in the lower 
extremities can in turn lead to venous insuffi ciency. Impeded circu-
lation causes blood to pool in the legs, forcing fl uid from the intra-
vascular space into the extravascular tissues of the feet and ankles. 
Leg edema affects up to 80% of pregnant women and should not 
be considered a sign of pregnancy-induced hypertension or preec-
lampsia (12). Chronic venous insuffi ciency may lead to varicose 
eczema, with brown or purplish discoloration of the skin. Over 
time, skin ulcers may develop (13).

Preeclampsia

Preeclampsia is a condition specifi c to pregnancy. Pregnant women 
with a blood pressure of 140/90 after the 20th week of preg-
nancy should be evaluated for preeclampsia (14). The obstetrical 
literature defi nes preeclampsia as an elevation in blood pressure 
of 140/90 mm Hg after 20 weeks of pregnancy, with or without 
proteinuria or edema (15). There is reduced organ perfusion sec-
ondary to vasospasm and vascular endothelial activation resulting 
in elevated blood pressure and proteinuria of greater than 300 mg 
per 24 hours. Urine dipstick testing may register +1 proteinuria 
(30 mL/dL). Patients may have gradual or rapid onset of edema of 
the extremities. They may also complain of rapid weight gain of up 
to 2 lb on a prenatal care visit. On clinical exam, the edema may 
be mild or pitting. There is no cyanosis of the lower extremities. 
Pulses are equal and intact.

Differential Diagnoses of Swelling of Lower 
Extremity in Pregnancy
Varicosities
Passive vascular congestion
Preeclampsia
Lymphedema
Thrombophlebitis
Deep vein thrombosis
Cellulitis
Urinary tract changes in pregnancy
Somatic dysfunction
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Lymphedema

Lymphedema may be a lifelong condition that results from dis-
ruption of the lymphatic system. It can be classifi ed as either pri-
mary or secondary. Primary lymphedema is an inherited disorder 
from prenatal developmental abnormalities of the lymph vessels. In 
females, it may fi rst present during their late teens or early twenties, 
and become worse with pregnancy. Symptoms usually persist post-
partum (16). The secondary form is acquired and may be the result 
of prolonged venous insuffi ciency, increased weight, obesity, and/or 
trauma to the lymphatic capillaries. In addition to biomechanical 
injury, burns and cicatrix formation may cause chronic edema and 
subcutaneous fi brosis. On clinical exam, often only one extremity 
is swollen although both legs may be affected. The patient does not 
complain of pain, and while neither tenderness nor pitting edema 
is elicited on examination, the leg feels rubbery to palpation. Ulcer-
ation and stasis dermatitis are absent (17).

Thrombophlebitis and Deep Vein Thrombosis

Potential complications associated with varicose veins and resul-
tant edema are thrombophlebitis and venous thrombosis. Throm-
bophlebitis is infl ammation of the vein, due to trauma (10,13,18). 
The patient may complain of throbbing of her legs with weight 
bearing although she is able to ambulate independently. On exami-
nation, the traumatized area is warm, mild erythematous and 
tender to light palpation. Sometimes, there is a bruise over the 
traumatized area. The pulses of the leg are intact.

A venous thrombus is a clot in the vein. The clot may occur in a 
superfi cial vein or in a deeper vein. If there is obstruction in a deep 
vein, a clot may migrate to the lung and cause a pulmonary embo-
lism, which could be fatal. On physical exam, there is tenderness 
to manual compression of the vein or the muscles of the calf with 
pitting edema. In advanced cases, with deep vein involvement, the 
patient may have diffi culty walking or bearing weight. On inspec-
tion of the leg, the calf circumference may be three or more cen-
timeters greater than the unaffected leg. There may be low-grade 
fever. If pain is elicited with dorsifl exion of the foot, the extremity 
feels cold and pulseless or appears cyanotic; duplex sonography and 
D-dimer studies should be obtained to confi rm a diagnosis of deep 
venous thrombosis. Treatment with anticoagulants should be initi-
ated as soon as possible (13).

Cellulitis

Cellulitis usually occurs as a result of lower extremity trauma with 
secondary acute superfi cial staphylococcal or streptococcal skin 
infection. Common causes of cellulitis include cuts from shaving 
legs or abrasions that may develop into infl ammation or pustules. 
Pregnant diabetic patients are at increased risk of developing cel-
lulites. Patients complain of mild edema and erythema with ten-
derness on palpation. There is no diffi culty with weight bearing or 
ambulation. Fever may or may not be present. On clinical examina-
tion, red streaks on the legs along the path of trauma, laceration, or 
abrasion may be present (9).

Urinary Tract Infection

Hypervolemia occurs in pregnancy to protect the mother, as well as 
the fetus, against negative effects of compromised venous return in 
the supine and erect positions. However, as the circulatory system 
delivers nourishment to the expanding uterus, pressure is placed 
upon the renal system. The renal calyces, ureters, and bladder all 

experience changes in shape and function. Glomerular fi ltration 
rate increases in pregnancy. The calyces and ureters become dilated, 
usually the right ureter more than the left (19). The left ureter may 
be cushioned by the sigmoid colon. The uterus also undergoes 
dextrorotation as it enlarges. Additional pressure is placed upon 
the right ovarian vein complex near the ureter. Ureteral dilation 
causes urinary stasis, which may lead to urinary tract infection. 
The bladder also becomes compressed by the uterus. Complete 
emptying during urination may be prohibited. Urinary stasis with 
some retention may also result. Urinary tract infection is one of 
the most common bacterial infections in pregnancy. In addition to 
complaints of changes in frequency, amount, pressure, or pain with 
urination, pregnant women may also report a puffi ness of the lower 
extremities. Urinalysis, with urine culture, confi rms the diagnosis 
of infection, which infl uenced the mild edema of the legs.

Somatic Dysfunction

During the course of pregnancy, maternal posture and gait change 
to accommodate the shifting center of gravity. Gait is steadied 
by increased separation the feet and legs while in standing posi-
tion. As lumbar lordosis increases, the pelvic bowl tilts forward, 
and weight is put on areas of the posterior leg and pubic region. 
As previously mentioned, the expanding uterus puts pressure on 
the boney skeleton and structures contained within the pelvis. 
Vascular congestion of the organs and lower extremities results to 
cause edema constipation, bladder pressure, varicosities, and hem-
orrhoids. There is also concomitant drag on muscles fascias and 
ligaments. Weight gain, gravitational, pressure of the uterus, and 
increasing anterior-posterior spinal curves all present challenges to 
comfortable respiration in the pregnant patient.

OSTEOPATHIC PATIENT MANAGEMENT

Biomechanical Model

It is understood that the body may have a variety of areas of somatic 
dysfunction that may impact edema, such as the cervical spine and 
the thoracic outlet. Weight and postural strain of pregnancy may 
be addressed through the osteopathic biomechanical treatment 
model. Abnormalities of gait, unlevel sacral base, accentuated 
spinal curvature in either the lateral or anterior-posterior planes 
should be addressed to reduce musculoskeletal fatigue and circula-
tory congestion. Bony and ligamentous restrictions of the hips and 
lower extremities are reduced to remove circulatory impediments 
within the pelvic fl oor. The patient may also experience greater ease 
in ambulation to help with venous return of the lower extremi-
ties. Reduction of lumbar lordosis and anterior pelvic bowl tilt may 
assist in lifting the uterus off the veins of the lower extremities. 
Diuresis may also ensue when the uterus and related ligamentous-
visceral strains are reduced in the area around the bladder.

Attention to body regions below the respiratory diaphragm will 
be given through utilization of the respiratory/circulatory model. 
Osteopathic manipulative treatment may attempt to resolve restric-
tions of the respiratory and pelvic diaphragms to improve respira-
tion. Circulation of fl uids within the abdominal-pelvic cavity may 
become more effi cient with improved respiratory effort. Myofascial 
treatment of the anterior abdominal-pelvic wall addresses strains 
of the subcutaneous and deeper fascias that also contain lymphatic 
tissue. Edema of the legs due to lymphatic congestion may respond 
to osteopathic techniques to increase lymphatic drainage after 
somatic dysfunction of the pelvis has been addressed. Diuresis may 
also ensue when the uterus and related ligamentous-visceral strains 
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are reduced in the area around the bladder. Visceral treatment of 
the uterus is applied to “center” the uterus and to reduce congestion 
and compression of other pelvic organs and related vasculature.

Respiratory/Circulatory Model

Within the respiratory-circulatory model of structure and func-
tion the inability to breathe deeply due to restriction of motion of 
the respiratory diaphragm, rib cage, and cervical fascias increases 
fatigue and vascular congestion; both which may aggravate edema. 
The enlarging uterus may also compress the vena cava when the 
patient lies in a supine position for a period of time. In this posi-
tion, there is edema due to delay of venous return of the lower body. 
When the patient lies on her left side, the uterus is displaced, facili-
tating diuresis and decreasing swelling of the lower extremities.

On palpatory musculoskeletal examination, the following 
should be evaluated: respiratory diaphragm motion restrictions, leg 
length discrepancy, compression of lumbosacral junction, physi-
ologic motion of the sacrum; strains of the pubic symphysis, pelvic 
diaphragm, hip joints, fi bular heads, ankles, feet; and tissue texture 
changes of anterior abdominal wall, groin, and lower extremities. 
Scars on abdomen, pelvis, and lower extremities may constitute 
fascial restrictions or tissue texture changes. Note any lymphatic 
congestion or circulatory comprise resulting in edema. Palpate tem-
perature changes with tissue texture changes locally and regionally 
throughout the musculoskeletal system which may suggest auto-
nomic imbalance that could infl uence body fl uid dynamics of car-
diovascular circulation or renal function (Box 63.2).

Incorporation of adjunctive integrative treatment may be bene-
fi cial within the bioenergetic treatment model as well. Compression 
stockings have been used to control edema; however, the result is 
also temporary and transient. Bamigboye and Smyth reviewed the 
2006 updated Cochrane database regarding treatment of edema in 
pregnant women and found that compression stockings often were 
no more effective than elevation of the feet for 30 minutes (20).

Neurological Model

The neurological model of osteopathic treatment recognizes the 
dynamic balance between the parasympathetic and sympathetic 
nervous systems and the potentially disruptive infl uences of noci-
ception and biomechanical strain on those systems.

Osteopathic manipulative treatment of the thoracolumbar 
junction is performed to correct diaphragm and lower rib dysfunc-
tion that may interfere with balanced autonomic nerve activity 
to the kidneys and urine output. Treatment of the sacrum may 

infl uence parasympathetic activity to the vascular and structures of 
the renal and urinary systems.

Metabolic Energy Model

Consideration of the metabolic energy model of osteopathic 
care entails evaluation of the patient’s ability to maintain balance 
between energy production and expenditure during pregnancy to 
reduce edema of her lower extremities. Discussion about avoid-
ance of tight or restrictive clothing about the waist that may reduce 
venous return from the lower half of the body should occur. The 
patient should be advised to wear comfortable shoes that would 
not challenge her gait or aggravate her already increased lumbar 
lordosis.

Behavioral Model

The biopsychosocial social model of osteopathic treatment consid-
erations of pregnant patients with swelling of the lower extremity 
may include evaluation of patient environment and work activities. 
Prolonged sitting or standing may aggravate edema. Low-impact 
exercises and frequent walks throughout the day will help the 
patient to improve vascular and lymphatic circulation. Intake of 
water, rather than caffeine or carbonated beverages, may increase 
hydration and elimination of metabolic waste that may contrib-
ute to edema. Additionally, an exercise program may help the 
patient to avoid gaining large amounts of weight that may further 
tax her musculoskeletal system, and changing posture during her 
pregnancy. Physical activity provides benefi cial stressors such as 
improved respiration and circulation to accommodate visceral and 
other structural changes from both anatomical and physiological 
perspectives.

CONTRAINDICATIONS TO OSTEOPATHIC 
MANIPULATIVE TREATMENT

There are some contraindications to osteopathic manipulative 
treatment of edema in pregnancy. Patients with unstable blood 
pressure and deep vein thrombosis should be evaluated, treated, 
and stabilized. Fetal health should be established. Assessment of 
risk factors for preterm labor should also be performed.

INTEGRATIVE TREATMENT CONSIDERATIONS

In addition to osteopathic treatment, other recommendations may 
be offered to the pregnant patient to relieve swelling of the lower 
extremities.

Advice pertaining to rest or exercise depends upon a medical 
condition related to the pregnancy. If the patient has preeclamp-
sia or venous insuffi ciency, rest or elevation of the legs is recom-
mended. When the patient rests on her left side, the uterus is 
displaced from the aorta and inferior vena cava to facilitate venous 
return and diuresis. “Water weight” is also reduced. Varicosities are 
also temporarily reduced. Exercise, especially walking, may enhance 
circulation of blood and lymph to relieve dependent edema. Exer-
cise in moderation also controls weight gain in pregnancy. Ladies 
with lymph edema have additional challenge of increased preg-
nancy weight on their extremities. Those who cannot exercise have 
derived benefi t from hydrotherapy, or water aerobics (21,22).

Studies of manual massage-refl exology treatments addressing 
the lymph glands around the feet and ankles did not result in sig-
nifi cant reduction of edema in third trimester patients; however, in 

Areas of Somatic Dysfunction in Patients with 
Lower Extremity Edema
Cervical spine
Thoracic outlet
Lumbar spine
Sacrum
Boney pelvis
Ligaments of pelvis
Uterus
Pubic symphysis
Abdominal and pelvic fascias
Hip joints
Lower extremity
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these small study group populations, there seemed to be a pattern 
of symptom relief from the patients’ view points (21–23).

Some women have requested diuretics to relieve edema or 
abdominal bloating associated with their menstrual periods. Dur-
ing the course of their pregnancies, they may again request diuret-
ics to reduce edema of their extremities. However, diuretics are 
not indicated as they do not mobilize extracellular fl uids that have 
extravasated into the legs. These extrarenal fl uid factors can over-
ride the kidneys’ usual function. The “pregnant” kidney continues 
to retain sodium and water despite expanded blood, plasma, and 
extracellular fl uid volumes. The kidney’s modulation of total body 
sodium and water during pregnancy is not completely understood. 
Cardiac output cannot provide the major infl uence on the ability 
of the kidney to regulate sodium and water balance (24). Preg-
nancy is a hypercoagulable state. Diuretic-induced acute or chronic 
depletion of the plasma volume can lead to placental hypoperfu-
sion and preeclampsia (25). Fluid restriction has not been found to 
reduce edema as the “normal” kidney can retain excessive amounts 
of sodium and water when cardiac output is low or high. Therefore, 
the integrity of arterial circulation is an important factor in body 
fl uid composition and volume regulation.

OPPORTUNITIES FOR RESEARCH

For clinical research, pregnancy constitutes a “special population” 
because of risk of adverse reaction to the mother or to the unborn 
fetus. Presently, there are studies being conducted on the effects 
of osteopathic treatment on pregnant women at the University of 
North Texas Health Science Center-Osteopathic Research Center 
(26). There are no recent published studies regarding osteopathic 
treatment of lower extremity swelling in pregnancy. However, the 
aim of osteopathic treatment principles is to reduce edema through 
application of basic scientifi c principles pertaining to the under-
standing and attempted management of changes of body fl uid 
volume in pregnancy. Combination of increased fl uid intake and 
retention causes elevation in total body water content during high 
estrogen states (i.e. pregnancy). Some of this excess water resides 
in plasma, leading to plasma volume expansion. Regulatory mecha-
nisms to maintain optimal body fl uid volume involve refl exes within 
blood vessels and the brain that act to modify rates of fl uid intake 
and output (27). Osteopathic treatment effectiveness incorporating 
fl uid and fascial techniques to reduce edema could be investigated 
to understand arterial and venous function within the musculosk-
eletal system and to pelvic viscera (28,29).

CASE VIGNETTE (CONTINUED)

Diane was diagnosed with mild passive venous congestion. 
She was evaluated for somatic dysfunction in the above-men-
tioned areas and treated with a variety of manual osteopathic 
techniques. She was advised to continue walking and to wear 
comfortable clothing. Evaluation of complaints of edema was 
performed at each prenatal visit, along with her weight, blood 
pressure, and urine dipstick testing for proteinuria. During the 
third trimester of pregnancy, Diane was also advised to rest 
frequently, on her left side, with her legs elevated for at least 
30 minutes. Her blood pressure remained stable. She reported 
that she felt less “puffy” after her osteopathic treatments, which 
were coordinated with her prenatal visits. She also continued 
to take short walks in the afternoon, and sometimes in the 
early evening. At 39 weeks of gestation, she delivered a healthy 

baby girl without complication. During her postpartum visit 
6 weeks later, she had no complaint of swelling of her legs. 
On exam, no edema was detected. She returned to her usual 
duties as wife and mother. She also continued to walk outside 
and lost 15 lb. An osteopathic treatment was performed to 
mobilize the pelvis and related structures, as well as the lower 
extremities so that Diane could comfortably maintain her busy 
schedule. She was advised to monitor herself for any signs of 
edema or bloating that might be associated with return of her 
menstrual periods, and to return as needed for further osteo-
pathic care.
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Low Back Pain in Pregnancy
MELICIEN TETTAMBEL64

K E Y  C O N C E P T S
■ Low back pain is a common condition of pregnancy and may be related to hormonal changes associated with 

pregnancy; however, other causes should be ruled out.
■ A woman’s body undergoes many physiologic changes and adaptations as her pregnancy progresses; these may 

adversely impact her postural stability mechanisms resulting in biomechanical instability and pain.
■ Passive venous congestion in the vertebral vessels may contribute to low back pain during pregnancy.
■ Addressing tissue strains and compensatory postural adaptations to pregnancy may help improve postural stability 

mechanisms and back pain.

Gastrointestinal: 
Denies nausea, vomiting, and changes in bowel.

Neurological: 
Denies weakness and tingling in the arms and legs. The pain does 
not radiate. There have been no changes in bladder function.

Musculoskeletal: 
There is joint swelling. She admits to feeling stiff in her back 
but denies other joint stiffness or pain.

PHYSICAL EXAMINATION
Vital Signs: 
Temperature: 37°C, Pulse: 88/min and regular, respirations: 
20/min, blood pressure: 124/80

General: 
Well hydrated in no acute distress

Obstetrical: 
Obstetrical exam reveals no abnormalities; active fetus in vertex 
position, no contractions, mild swelling of all extremities.

Neurovascular: 
Unremarkable, DTRs are intact and symmetrical. There is no 
weakness. Negative straight leg raise.

Musculoskeletal: 
No joint swelling, erythema, or tenderness is noted. There is no 
tenderness to percussion of the vertebral spinous processes.

Osteopathic Structural Exam: 
There is an increased lumbar lordosis with anterior pelvic tilt 
and unlevel sacral base. The psoas muscles are hypertonic bilat-
erally. There are no lateral spinal curves. Tissue texture of the 
lumbar spine is congested but also mildly taut. There is tender-
ness to palpation of the lumbosacral junction and right sacro-
iliac joint. Patient has a waddling gait due to change in center 
of gravity to accommodate enlarging uterus. On examination of 
anterior pelvis, a small infraumbilical scar and a transverse scar 
above the pubes are noted. Increased fascial tension is noted 
about the lower scar.

CASE VIGNETTE

Barbara is a 26-year-old pregnant patient at 35 weeks’ gestation.

Chief Complaint: 
Low back pain that sometimes radiates into her posterior legs, 
just above her knees.

History of Present Illness: 
She has had this pain since the fourth month of her pregnancy, 
and it is gradually getting worse. She is considering taking early 
maternity leave. Her back pain is aggravated by lifting children 
and. sometimes, by rising from a chair. Relief is obtained by 
resting in bed, sitting with her feet propped up in a recliner-
chair, or with a prolonged warm shower.

Past Medical History: 
She has a history of endometriosis, which was confirmed with 
laparoscopy a few years ago

Past Obstetrical History: 
Her first baby was delivered by cesarean section, after an ardu-
ous labor, 3 years ago.

Past Surgical History: 
Cesarean section as described above

Family History: 
Noncontributory

Social History: 
She is employed as a child care attendant for 3 year olds at a 
day care center.

REVIEW OF SYSTEMS
General: 
She is well hydrated, alert, and uncomfortable.

Obstetrical: 
To date, there have been no complications during this preg-
nancy. She has gained 20 lb, which is similar to her previous 
pregnancy.
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Neuropathies of Pregnancy
Peripheral nerves are susceptible to injury in the pregnant woman 
by compression, traction, and ischemia. Soft tissue edema is com-
mon during pregnancy, and also contributes to the weight-bearing 
factor on biomechanics of prolonged standing or sitting. Addi-
tionally, the uterus puts pressure on neighboring pelvic organs, 
ligaments, lumbosacral plexus, and lower limb peripheral nerves. 
Compression neuropathy is most common in anatomic locations 
where excessive pressure can occur. An example is meralgia par-
esthetica, or compression of the lateral femoral cutaneous nerve. 
The lateral femoral cutaneous nerve is a sensory nerve supplying 
sensation to the waist band area and down into the anterolateral 
thigh. It arises at the level of the third lumbar vertebra and travels 
toward the pelvis to pass slightly medial and inferior to the anterior 
superior iliac spine; then exiting the pelvis beneath the inguinal lig-
ament. Injury to this nerve can result in burning, pain, or numbness 
along the course of innervation, causing what is known as mer-
algia paresthetica syndrome (16). Pregnancy along, with obesity, 
diabetes mellitus, trauma, belt pressure, and anatomic variations 
are risk factors for this syndrome (17). An anatomical variation is 
bisection of the inguinal ligament by the lateral femoral cutaneous 
nerve. Augmented lumbar lordosis of pregnancy may also contrib-
ute compressive forces on this nerve. Cesarean delivery may also 
lead to meralgia paresthetica from a wide incision, stretching of 

DIFFERENTIAL DIAGNOSIS OF BACK PIAN 
IN PREGNANCY

Approximately, two thirds of pregnant women complain of low 
back pain during pregnancy (1,2). Pain may start as early as the 
fi rst trimester, when levels of the hormone relaxin are most elevated, 
or worsen during the course of pregnancy, causing fatigue, sleep 
changes, and interference with work or activities of daily living (3,4). 
Cause of the back pain may be anatomical, biomechanical, trau-
matic, or psychoemotional. Contributing factors, osteopathic diag-
nosis and treatment, as well as other methods of treatment will be 
presented and discussed within the context of a case presentation.

Overview of Low Back Pain in Pregnancy

Low back pain rates have been found to increase in young gravidas: 
women with advanced maternal age (1,5), woman with a history of 
back pain during previous pregnancy, and woman with an increas-
ing number of previous births (either vaginally or operatively). 
There is no consistent relationship reported regarding height, 
weight, maternal weight gain, or weight of the fetus (6). Low back 
pain may also occur postpartum. However, back pain beyond preg-
nancy will be further discussed in another chapter about pelvic 
pain.

In addition to changes in maternal weight and posture in preg-
nancy, there can be a variety of factors contributing to low back 
pain in pregnancy (Table 64.1). Biomechanical instability is the 
most prevalent cause, as the enlarging gravid uterus and accom-
panying compensatory lordosis of the lumbar spine contribute to 
musculoskeletal strain. The psoas muscles may become shortened 
with lordosis, aggravating back pain (7). It is interesting to note 
that there is much discussion about lumbar lordosis and low back 
pain in pregnancy, but there is little discussion about low back pain 
in pregnant women who have scoliosis. Two hundred sixty seven 
women with adolescent idiopathic scoliosis, treated either surgi-
cally or with bracing, did not appear to have more or worse low 
back pain in pregnancy than matched control subjects who did not 
have scoliosis (8). It was also observed that the scoliotic curve did 
not seem to increase as a result of childbearing.

Pelvic rotation about a fulcrum at the second sacral segment 
increases as the lordosis increases. Center of gravity is shifted ante-
riorly, producing additional strain on lumbar spine and sacroiliac 
joints. As the sacroiliac joints become increasingly lax under the 
hormonal infl uence of relaxin during pregnancy, even more strain 
is placed on the low back and pelvis (9). It has been reported that 
pregnant women who were most incapacitated by low back pain 
had highest levels of relaxin (10–12). Not all were obese or had 
multifetal gestations. Weight gain during pregnancy is usual; how-
ever, in combination with ligamentous laxity, a 20% weight increase 
may increase force on a joint by as much as 100% (3,7,8).

The additional hormonal infl uences of estrogen and relaxin 
cause the pubic symphysis to widen. This widening normally is 
less than 10 mm (13,14) and begins during the 10th to 12th week 
of pregnancy. Relaxin levels begin to decline again until the 17th 
week (11). Palpation of the pubic symphysis may refer pain to the 
low back. Osteitis pubis is characterized by resorption of the pubic 
bones, followed by spontaneous reossifi ction. In later pregnancy, 
there is a gradual onset of pubic symphysis pain; however, there 
can be rapid progression over the course of a few days to excruciat-
ing pain radiating down the medial aspect of the thighs. Walking 
or lower leg motion aggravates the pain. Because of pain due to 
weight bearing with altered gait, the muscles and ligaments become 
involved in the pain mechanism (15).

T A B L E  6 4 . 1

Causes of Low Back Pain in Pregnancy

Cause Examples

Mechanical Spinal facet
Spondylolisthesis
Leg-length inequality
Congenital disorders 
(e.g., scoliosis, 
anatomical structural 
variants)
Increased weight
Multifetal gestation
Trauma
Discogenic
Spinal curves
Ligamentous laxity
Somatic dysfunction

Nonmechanical—
Viscerogenic

Urinary tract changes
Bowel function changes
Endometriosis
Pelvic infection
Labor

Nonmechanical—Vascular Compression of great 
vessels
Venous plexopathy
Thrombosis
Placental location

Metabolic Osteoporosis
Osteonecrosis

Psychoemotional Seeking disability
Depression
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made by x-ray, MRI, or pelvic sonogram, not by palpatory physical 
exam (28). X-ray, with appropriate shielding, is helpful to establish 
that the osteoporosis is associated with the current pregnancy and 
not related to osteoporosis antecedent to the pregnancy. Failure to 
diagnose this condition can result in fracture (29). Surgical inter-
vention then becomes necessary.

Avascular necrosis of the femoral head has been reported in 
pregnant women without any previous or additional risk factors 
(30). Proposed theories of pathogenesis include higher adrenocor-
ticoid metabolism combined with weight gain as well as elevated 
levels of estrogen and progesterone in conjunction with increased 
joint pressure and strain (31). Symptoms typically occur in the 
third trimester, with increased weightbearing in the hip, pelvis, or 
groin. Symptoms of osteonecrosis usually begin in the third trimes-
ter with pain deep in the groin. Pain radiates to the knee, thigh, or 
back. Pain with range-of-motion testing of the hip may differenti-
ate this from pain felt in the pubic symphysis or sacroiliac joint. 
Treatment consists of decreased weightbearing by using a walker or 
crutches to allow revascularization of the femoral head (32).

Vascular Causes of Low Back Pain in Pregnancy
Abnormalities or changes of the lumbar epidural venous plexus 
may give rise to symptoms mimicking nerve root compression. 
Gormus, Paksoy, et al. (33,34), noted that epidural veins were 
enlarged in patients with inferior vena caval thrombosis or obstruc-
tion just below the renal vein orifi ces in pregnant women. They 
presented with radicular syndromes or back pain. Vascular studies 
confi rmed deep vein thrombosis Pain resolved with medical treat-
ment or delivery.

Posterior location of the placenta has been noted on pelvic 
obstetrical sonography in nonlaboring women who have com-
plained of low back pain during pregnancy. Musculoskeletal exam 
usually is unremarkable. Fetal activity does not infl uence the pain. 
Possible explanation for this pain may be that pain insidiously 
occurs as the enlarging uterus strains the vascular bed to which the 
placenta is attached (35). If the patient has sustained some kind of 
physical trauma, such as a fall or motor vehicle accident, she may 
experience low back pain in conjunction with uterine activity that 
may be associated with placental abruption (36). Vaginal bleeding 
may also occur. She and her fetus should be evaluated as soon as 
possible to prepare her for an emergent operative delivery, which 
will resolve the back pain.

Organic Causes of Back Pain in Pregnancy
In women with upper urinary tract infections, pyelonephritis may 
present as lumbar pain in pregnancy (37). The pain may be dull 
and persistent. Fever or chills may also accompany the pain. Uri-
nalysis indicates the possibility of infection; urine culture identifi es 
the offending organism (usually Escherichia coli). If the back pain 
is colicky in nature, and there is tenderness of the costovertebral 
angle on palpation, nephrolithiasis may be present. Urinary tract 
infection may or may not accompany the process of attempting to 
pass the stone (38). Most stones are calcium oxalate (39). Ninety 
percent of gravidas with nephrolithiasis present with back pain. 
The possibility of preterm labor must also be considered as com-
plication of infection, or result of irritation of the sympathetic ner-
vous system on uterine activity.

Other obstetrical conditions can present as low back pain. 
Ectopic pregnancy (in the fi rst trimester) with bleeding or impend-
ing rupture causes peritoneal irritation as blood may collect in the 
cul de sac. Threatened or impending spontaneous abortion may 
manifest as back pain if the uterus is retroverted. Ovarian cyst or 
concomitant pelvic infection may cause back pain due to pressure 

tissues around the incision, or surgical retractor equipment; 
although the prevalence does not substantially vary with method 
of delivery (18,19). In subsequent pregnancies, nerve irritation may 
recur with physiologic and postural changes.

Lumbosacral Plexopathies
Lumbosacral plexopathies may result from prolonged standing, 
sitting, or squatting. Proximal or distal lower limb weakness can 
occur. Plexus-associated foot drop can be the result of compres-
sion of the peroneal division of the sciatic nerve in the pelvis. The 
common peroneal nerve can also become compressed at the fi bular 
head (20).

Unlike the above anatomical changes discussed as predisposing 
factors for low back pain, true lumbar disc herniation is rare. LaBan 
has written extensively about this problem and reported that about 
1 in 10,000 cases of lumbosacral pain in pregnancy are herniated 
lumbar discs (21–23). Previous sciatica may become aggravated in 
subsequent pregnancy. Surgery for low back pain is generally con-
traindicated unless a herniated disk fails to respond to conserva-
tive treatment or produces bowel or bladder incontinence. Most 
patients will respond to conservative treatment until the baby is 
born. At times, cesarean section delivery may be offered to avoid 
increased pressure on the nerve root during delivery.

There are additional sites and causes of nerve compression; 
however, many occur in the labor and delivery process. Therefore, 
they will not be discussed in this chapter.

Spondylolisthesis
Spondylolisthesis is a condition where one vertebral body (usu-
ally in the lumbar spine) appears anteriorly displaced to the one 
just below. This most commonly occurs from L5 slipped forward 
from S1. This may be secondary to a defect in the pars interar-
ticulares (24).. Degenerative spondylolisthesis is most common at 
the L4-5 level. This condition is more prevalent in females than 
males in general. It has not been determined why this condi-
tion most commonly occurs at L4-5 level. Sanderson and Fraser 
(25) reported that women who had children had a signifi cantly 
higher incidence of spondylolisthesis at this level than nulliparous 
women. In women with previous spondylosis, it has been thought 
that this slip may progress; however, there may be no increase in 
back symptoms or an increase in segmental slip in subsequently 
pregnant patients.

There are additional sites and causes of nerve compression; 
however, many occur in the labor and delivery process. Therefore, 
they will not be discussed in this chapter.

Hip Pain of Pregnancy
Pregnancy-related hip pain can present with progressive symp-
toms and lead to disability. Conditions of the low back and pelvic 
girdle can present with pain in the hip. Likewise, intra-articular 
hip pathology can refer pain to the back and pelvis, and can be 
misdiagnosed as pelvic instability. With the pelvis and lower spine 
maintained in a stable position, to differentiate intra-articular hip 
pathology from referred pain, hip range of motion must be assessed 
to rule out referred pain (14). Antalgic gait in a pregnant woman 
should raise the question of the possibility of transient osteoporosis 
of the hip or osteonecrosis of the femoral head.

A rare condition, usually occurring with weight bearing in the 
third trimester of pregnancy, is transient osteoporosis of the hip 
(26,27). Etiology of this condition is unknown. It is characterized 
by pain and limitation of hip motion. The pain may be of sudden 
or insidious onset. Weightbearing exaggerates the pain, causing 
the patient to require a wheelchair or bed rest. This diagnosis is 
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Respiratory/Circulatory Model
The gravid uterus tends to put pressure on neighboring organs in 
the abdomen and pelvis, altering function. Decreased fl uid intake, 
in conjunction with altered, usually slowed, bowel function may 
lead to constipation. Back pain can occur as result of colonic dis-
tention and pressure, or from straining efforts of the patient to 
empty the bowels. Our patient has somatic dysfunction involving 
the sacrum and pelvis, which affect the pelvic diaphragm. Within 
the respiratory/circulatory model of structure function, the pelvic 
diaphragm is thought to play an important role in venous and lym-
phatic drainage from the pelvic organs including the gravid uterus. 
In this patient, we would be concerned that her pelvic and sacral 
dysfunction may contribute to venous stasis and congestion in the 
pelvic tissues and uterus. Distension of the uterine veins and pelvic 
tissues has been shown to produce pelvic and back pain (59–61).

Neurological Model
Several studies have described an association between a history of 
trauma or previous pain presentation and the occurrence of low 
back pain during pregnancy (5,6,43,44). In one study, women with 
pelvic girdle pain revealed a history of previous low back pain or 
trauma of the back or pelvis. Women who complained of double-
sided sacroiliac pain had previous low back pain or trauma to the 
back and pelvis. Most of the women who reported low back pain 
also had history of hypermobility before and during pregnancy. 
These fi ndings suggest the presence of sensitization or low-level 
spinal facilitation that may predispose a patient to developing 
pain as the pregnancy progresses. Our patient has a history of 
endometriosis, a painful pelvic condition that may have sensitized 
neurons in the lower lumbar cord.

Low back pain as a predictor of depression in pregnancy has 
also been studied. Gutke investigated the possible association 
of lumbopelvic pain, pelvic girdle pain, and postpartum depres-
sion (40). Pregnant women were given a musculoskeletal exam of 
the lumbar spine and pelvis, completed a pain drawing, and were 
evaluated according to the Edinburgh Postnatal Depression Scale. 
Postpartum depressive symptoms were three times more preva-
lent in women having lumbopelvic pain than those without. Field 
attempted to correlate low back pain with mood states and bio-
chemistry in pregnancy. Relationships were noted between back 
pain and urinary cortisol and epinephrine. Pain and increased 
levels of cortisol and epinephrine measured in second and third 
trimester pregnancy were present in women who were angry or 
depressed (41). In a study of 412 primigravidas, patients recorded 
low back pain or pelvic girdle pain early in pregnancy and again at 
36 weeks’ gestation. They were followed at 3 months and again at 
1 year after delivery. Those reporting pelvic girdle pain in pregnancy 
were less mobile and often required ambulatory assistance. They 
also required treatment for depression. No association was found 
between obstetric factors and pelvic girdle pain (42). The associa-
tion between pain and depression is a chicken and egg conundrum. 
On one hand, pain has been shown to alter the hypothalamic-
pituitary-adrenal axis resulting in increased cortisol and symptoms 
of depression. Alternatively, clinical depression is associated with 
lowered tolerance for nociception, a heightened perception of pain, 
and increased risk for developing chronic pain.

Metabolic-Energy Model
There is great physiologic stress associated with pregnancy, and 
while the female body has developed to meet these demands, they 
extract a cost. The overall metabolic energy needed for daily activi-
ties increases signifi cantly during pregnancy. Nutritional intake 
is being used for both mother and child. The metabolic building 

within the pelvic cavity, stretching of previously formed adhesions, 
or collection of fl uid in the cul de sac. A posterior uterine fi broid 
may put pressure on the pelvis and hypogastric plexus as the preg-
nant uterus is growing out of the pelvis and into the abdomen. 
Some patients experience low back pain as a sign of labor. As labor 
progresses, pain may become more intense as the fetal head enters 
the pelvic outlet, or if the maternal pelvis is trying to accommodate 
a fetal presenting part that is putting excessive pressure on maternal 
pelvis and soft tissues during the labor or delivery process.

Evaluation and Treatment Plans
The pregnant patient who develops low back pain will usually also 
describe low anterior or posterior pelvic pain. Pain can be aggra-
vated by activity and most often relieved by lying down, sitting, or 
using a supportive device. Occasionally, the pain may radiate down 
to one or both buttocks and into the posterior thighs to the knees. 
Sciatica has pain distribution all the way down the posterior leg 
to the heel, along the distribution of the nerve root. Meralgia par-
esthetica, likewise, causes burning and numbness along the course 
of the lateral femoral cutaneous nerve. She does not correlate this 
type of pain with fetal activity (1,3,9).

Further questioning may reveal what factors improve or aggra-
vate pain. These factors may be physical or psychological, and affect 
the patient’s ability to perform her usual activities of daily living. 
Inquiries about stress, or changes in sleep, diet, or working condi-
tions may provide opportunities to explore what remedies, if any, 
the patient may have tried in her pursuit to obtain relief.

The physical examination of the pregnant woman should 
begin with an obstetrical evaluation to evaluate maternal and fetal 
health. Regarding maternal well-being, the physician should ascer-
tain whether complaints of low back pain are related to urinary 
dysfunction, colon dysfunction, or “early warning” signs of uterine 
dysfunction that may precipitate labor.

The neuromusculoskeletal examination should include obser-
vation, palpation, range of motion, muscle imbalances, leg-length 
inequality, deep tendon refl exes, posture, station, gait, and degree of 
lumbar lordosis. There may be spasms of the paraspinous muscles. 
Tenderness may be elicited over the sacroiliac joints. Sacroiliac com-
pression tests, bimanual compression over the iliac crests; FABER 
and Patrick tests all may elicit sacroiliac pain. The hip joint and 
pubic symphysis should also be evaluated. Segmental motion of 
the lumbar spine should be noted. Lumbosacral mechanics can be 
evaluated according to the various motion tests discussed elsewhere 
in this book, regarding diagnosis of somatic dysfunction of this 
area of the spine. It would be interesting to note whether osteo-
pathic physicians diagnosed a greater frequency of sacral torsion 
or unilateral sacral fl exion (shear) somatic dysfunction in pregnant 
patients.

Osteopathic Patient Management
Biomechanical Model
As previously described, biomechanical instability is the most 
prevalent cause of back pain in pregnant women. Our patient 
had an anterior pelvic tilt, unleveled sacral base, dysfunction at 
the sacroiliac and lumbosacral areas, hypertonic psoas muscles, 
and signs of somatic dysfunction in the paralumbar tissues. Any 
and all of these fi ndings could be causing or contributing to her 
chief complaint. While many of these areas of somatic dysfunction 
probably represent postural adaptations to pregnancy, the result-
ing biomechanical changes will stress and potentially strain the 
involved joints and myofascial structures. This produces tissue irri-
tation, infl ammation, and pain that may present as back or pelvic 
pain (62).
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to manipulative treatment in pregnant patients. From an obstetri-
cal perspective, manipulative treatment should not be performed 
on pregnant patients with low back pain who have undiagnosed 
vaginal bleeding, ectopic pregnancy, placental abruption, uncon-
trolled elevated blood pressure, untreated deep vein thrombosis, 
unstable vital signs after sustaining physical trauma, preterm labor. 
These conditions may require aggressive medical or surgical treat-
ment. Maternal health and fetal health are assessed before somatic 
dysfunction is to be addressed.

Additional Treatment Considerations

Currently, there are no studies to determine whether low back pain 
can be prevented in pregnancy. Risk factors have been previously 
discussed. Exercise and weight control before pregnancy have been 
recommended, but they do not prevent or determine who will have 
low back pain in pregnancy. Some investigators report that prenatal 
care providers are aware of back pain, but do not consistently offer 
treatment or have specifi c recommendations for relief, other than 
rest (1). This may be due to the fact that some back pain is expected 
to occur during the course of pregnancy and that it almost always 
resolves in the postpartum period. Most commonly, activity modi-
fi cation with periods of rest with feet elevation is advised. Elevated 
feet with fl exed hips reduce lumbar lordosis and ease muscle spasm 
in acute pain. An exercise program, following a period of rest, may 
increase muscle strength and abdominal tone to reduce low back 
pain symptoms. There are a variety of published American and 
Canadian guidelines pertaining to exercising before and after preg-
nancy (45–48). Both the American and the Canadian guidelines 
caution against activities with high risk of falling or abdominal 
trauma. The guidelines also include specifi c warning signs to dis-
continue exercising, such as incompetent cervix, vaginal bleeding, 
history of preterm labor, or extreme shortness of breath. Exercise 
in normal temperature pool water has been shown to reduce back 
pain in pregnant women due to buoyancy unloading joint pressure 
(2). However, immersion in a warm whirlpool or hot tub can pro-
duce maternal hyperthermia. Elevated maternal body temperature 
can cause deleterious fetal effects in the fi rst trimester of pregnancy, 
the time of fetal neural tube closure and organogenesis.

Orthoses may be able to temporarily relieve back pain. A tro-
chanteric belt, if comfortable for the patient with lumbar lordosis, 
may reduce anterior pelvic tilt while stretching psoas muscles (2). 
A belt that supports the sacroiliac joints may reduce pelvic joint 
laxity (49). A pilot study evaluating the use of maternity back 
supports found a reduction in pain scores in a small population 
(50). In addition to osteopathic treatment to reduce sacral base 
unleveling, a heel lift may help maintain lumbosacral stability or 
reduce lumbar lordosis (51). Acetaminophen can be added for pain 
relief since antiprostaglandins such as aspirin and NSAIDs are 

blocks for strong bones, brain, and muscles come from maternal 
food intake and maternal stores. Pregnant women should be coun-
seled in dietary and nutritional matters to best meet their own 
metabolic needs and those of their growing child. Normal physical 
demands and activities may be more diffi cult and fatiguing for the 
pregnant woman. Many pregnant women complain of increased 
fatigue during the latter stages of pregnancy and physicians need 
to make appropriate recommendations regarding workload, sleep 
requirements, and other activities.

Behavioral Model
Osteopathy also encompasses the behavioral approach to patient 
care. History, reviewed from perspective of the interrelationship 
of structure and function, also aids in development of a treatment 
plan. Wang et al. (1) reported that 95% of 640 patients informed 
their prenatal care providers about loss of sleep and inability to per-
form routine activities because of low back pain. However, 25% of 
the care providers recommended adjunctive care for biomechani-
cal problems. Other investigators linked patient complaints with 
physical examination and devised a classifi cation of back in preg-
nancy (6,43,44). In addition to a history of previous pain patterns, 
the aforementioned studies also reported an association between 
various biophsychosocial factors and back pain in pregnancy. In 
one study, women with pelvic girdle syndrome were more likely 
to report multiparity higher weight, higher level of self-reported 
stress, and lower job satisfaction. They also had higher postpreg-
nancy weight and body mass index. Women with pubic pain, or 
symphysiolysis, were more likely to be multiparous, overweight, 
and smokers. Women with one-sided sacroiliac pain had a prior 
negative obstetrical delivery experience. This group also had voca-
tional training or professional education that contributed to stress 
levels. Women who complained of double-sided sacroiliac pain 
were also multiparous, and had poorer spousal relationships and 
less job satisfaction than the previously mentioned groups. In all 
four groups, there was no correlation with menarche or use of oral 
contraceptives (estrogen).

Osteopathic Manipulative Treatment

A variety of osteopathic manipulative treatment approaches to low 
back pain in pregnant patients can address the many factors that 
cause pain. Muscle energy techniques focus on addressing muscle 
imbalances. High-velocity low-amplitude approaches have been 
utilized to relieve joint restrictions. Although there is only a single 
case report published concerning complications of direct manipu-
lation in the pregnant patient (63), osteopathic practitioners have 
expressed their reasons for avoiding certain kinds of techniques 
in pregnant women. Some prefer to treat soft tissues and balance 
ligaments because they are mildly edematous from hormonal infl u-
ences, have increased laxity; both infl uences that tend to contribute 
to the pain of neurovascular entrapment. Others prefer to relieve 
joint restrictions with more direct approaches other than thrust by 
incorporating patient’s weight or posture to mobilize skeletal dys-
functions. Pregnant patients present interesting challenges to those 
who perform osteopathic treatment while positioning the patient 
comfortably without compromising her fetus. An enlarged uterus 
may preclude the patient from being treated in a prone position or 
lying supine for a prolonged period of time. Technique selection 
often depends upon the patient’s ability to lie or sit comfortably for 
a period of time while being treated.

It is important to establish the etiology of low back pain in order 
to develop and execute a treatment plan that may consist of medi-
cation or manipulation or both. Box 64.1 lists contraindications 

Contraindications to Osteopathic Manipulative 
Treatment of Low Back Pain in Pregnancy
• Undiagnosed vaginal bleeding
• Ectopic pregnancy
• Placental abruption
• Untreated deep vein thrombosis
• Elevated maternal blood pressure
• Preterm labor
• Unstable maternal vital signs
• Fetal distress
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relatively contraindicated in pregnancy. Narcotics are not indicated 
as fi rst-line pharmacotherapy.

Physical therapy modalities may be limited or contraindicated 
when the energy produced by the modality may adversely affect 
the developing fetus. In a recent review by Batavia (52), pregnancy 
has been cited as a contraindication to therapeutic ultrasound and 
superfi cial heat. Heat may produce maternal hyperthermia; there-
fore, precaution should be taken with application of hot packs to the 
low back and abdomen. Diathermy is also contraindicated due to 
the effect of deep heat and exposure to electromagnetic fi elds (53).

There are no recent data available in the medical literature 
regarding the use of lumbar traction during pregnancy. However, 
lumbar traction belts may cause excessive pressure on the abdomen 
and aggravate pelvic ligament laxity (54).

Because electrical current effects on the fetus are not yet fully 
understood, electrical stimulation should not be applied to the low 
back, abdomen, or pelvis. On the other hand, the electrical current 
of transcutaneous nerve stimulation (TNS) has been used safely 
during pregnancy, labor, and delivery for pain control. In a meta-
analysis of six randomized placebo controlled trials, TNS provided 
some relief of back pain (55).

Acupuncture for pain relief has been studied in the last tri-
mester of pregnancy. No maternal or fetal adverse effects have 
been reported in three studies (56–58). In all three studies, women 
receiving acupuncture completed either questionnaires or visual 
analog scales to report decrease in pain at rest, increased energy, 
and positive emotions to complete activities of daily living. The 
study by Guerreiro (57) indicated that those who received acu-
puncture also utilized less acetaminophen for pain

CASE VIGNETTE (CONTINUED)

Barbara’s low back pain is a result of normal biomechanical 
changes of pregnancy: increased lumbar lordosis, weight gain, 
and ligamentous laxity due to hormonal influence. Bending and 
lifting aggravate the pain, as well as uterine pressure on scar 
tissue from endometriosis and previous surgery. Rest, exercise, 
and osteopathic treatment to stabilize musculoskeletal imbal-
ance, joint laxity, and postural changes would be helpful to 
relieve pain during pregnancy. Hydrotherapy, acupuncture, 
possibly orthotics, and acetaminophen may provide additional 
relief before delivery. Barbara would also appreciate family and 
social support as she prepares to welcome a new baby into the 
family.
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Adult with Myalgias
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K E Y  C O N C E P T S
■ The differential diagnosis of myalgia can be extensive, encompassing common, easily diagnosed, and less well 

recognized clinical conditions.
■ The chief complaint in fibromyalgia is a condition encompassing chronic, relapsing, diffuse aching pain, and 

tenderness, which can be intermittent and nondermatomal.
■ Other features of fibromyalgia include hyperesthesia, allodynia, severe fatigue, insomnia, depression, anxiety, 

cognitive difficulty (specifically, issues with motivation, concentration, and organization), exercise intolerance, 
and nonrestorative sleep.

■ Approximately 2% of United States and Canadian citizens have fibromyalgia.
■ Current theories include atypical sensory processing in the central nervous system (i.e., central sensitization), 

dysfunction of skeletal muscle nociception, and dysfunction of the hypothalamic-pituitary-adrenal axis.
■ Treatment for fibromyalgia should include OMT, patient education, and aerobic exercise.

Allergies: 
She has no known drug allergies.

Social History: 
She does not smoke or use illicit drugs. She drinks one glass of 
wine daily. She reports that she is happily married for 6 years.

REVIEW OF SYSTEMS
She reports no fevers or recent weight loss.

HEENT: 
Her vision and hearing are normal.

Cardiovascular: 
She has no chest pain, palpitations, or shortness of breath.

Lungs: 
She denies shortness of breath, wheezing, and cough.

Gastrointestinal: 
She denies stomach pain, nausea, vomiting, diarrhea, and 
change in stools. She admits to bloating.

Skin: 
She has no skin rash.

Musculoskeletal: 
She denies joint swelling and joint pain although she admits to 
muscle pain as described above.

Neurological: 
She denies paresthesias, weakness, loss of consciousness, tics, 
twitches, and seizures.

Psychiatric: 
She complains of difficulty with concentration, organization of 
tasks, motivation, and a shortened attention span. She has pro-
gressively had more depression as a result of her condition and 
reports feeling hopeless at times.

CASE VIGNETTE

A 31-year-old woman reports muscle pain “all over my body” 
with the most intense pain in the neck, back, shoulders, and 
thighs. The pain started 2 years ago in her low back after a minor 
car accident. The back pain at that time was mild and plain 
x-rays were negative. Since then, the pain has gradually spread to 
her entire body and has become a constant ache that waxes and 
wanes in intensity. Over-the-counter medications such as ibu-
profen and acetaminophen have been somewhat helpful but only 
on a temporary basis. She has not used narcotics since they made 
her nauseated when she took them after a previous surgery.

She describes her pain as a 6/10 currently but that it can 
range from 4 to 8 on a scale of 1 to 10. About a year ago, she 
completed 6 weeks of physical therapy that she feels was benefi-
cial, but she did not keep up with her prescribed home exercises 
due to excessive pain. She reports no known tick or other insect 
exposure or bite. Her biggest complaint is that she can no longer 
work due to the pain and that she is having a hard time caring 
for her two small children. She feels like “a prisoner to her pain.” 
Six months after the car accident, she began experiencing new 
fatigue, insomnia, and abdominal bloating; she denies abdomi-
nal pain, diarrhea, or constipation. Her fatigue is now most 
pronounced after increased or sustained activity. She can feel 
exhausted after simple events such as going to the mall or clean-
ing the house. At night, she falls asleep easily but awakens two to 
three times per night and finds it difficult to fall back asleep.

Past Medical History: 
Her past medical history is significant only for seasonal 
allergies.

Past Surgical History: 
Positive for uncomplicated Cesarean sections x 2

Medications: 
She is currently taking loratadine 10 mg as need for her aller-
gies and a daily multivitamin.
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manifestations and can coexist with fi bromyalgia. Careful history 
taking and methodical physical examination assist in narrowing down 
the possibilities. The differential (Table 65.1) includes most com-
monly, bursitis, tendonitis or synovitis, hypothyroidism. Somewhat 
less common but deserving of consideration are infectious conditions 
such as Lyme disease and hepatitis C and infl ammatory conditions 
such as polymyalgia rheumatica, polymyositis, dermatomyositis, 
rheumatoid arthritis, systemic lupus erythematosis, and scleroderma.

Degenerative/structural problems such as cervical stenosis may 
present as myalgias, but the patient will also typically have neck 
pain associated with dysesthesia, numbness, and, if involving the 
central canal, myelopathic symptoms of extremity spasm, bowel 
and bladder dysfunction, unsteady gait, lower limb weakness and 
numbness, abnormal refl exes, muscle atrophy, and decreased muscle 
tone. Certain metabolic processes can be associated with myalgias, 
the most common being thyroid disease and vitamin B12 defi ciency 
and, rarely, as well as toxicities or side effects of some lipid-lower-
ing agents, and antiviral medications. Frequent concomitant con-
ditions that need to be considered are depression, chronic fatigue, 
fi bromyalgia, and myofascial pain.

The presence of fatigue, insomnia, or other constitutional 
symptoms in a patient with diffuse myalgia tends to focus the dif-
ferential on systemic or chronic conditions. Often, lab work (such 
as complete blood count [CBC], liver and kidney functions, creati-
nine phosphokinase [CPK], erythrocyte sedimentation rate [ESR], 
C-reactive protein [CRP], and thyroid functions) may be needed 
to rule out diffuse or systemic pathology.

In this case, the patient’s pain and constitutional symptoms seem 
to be temporally related to a motor vehicle accident suggesting myo-
fascial pain as a result of trauma rather than a systemic condition. 
However, some infl ammatory diseases such as rheumatoid arthritis 
and systemic lupus erythematosus can initially present in similar 
fashion with myalgia as the initial complaint followed by fatigue and 
other systemic signs. Consequently, a careful review of all systems and 
laboratory studies is necessary to determine the diagnosis. Also, myo-
fascial disease can coexist with other disorders of defi ned structural 
pathology, such as rheumatoid arthritis, fi bromyalgia, and chronic 
fatigue syndrome, which are considered diagnoses of exclusion, neces-
sitating that other causes of diffuse muscle pain be fi rst ruled out.

Workup and Interpretation

This patient’s chronic and diffuse clinical temporal profi le helps to 
rule out most infectious processes; however, an elevated white blood 
cell count could indicate chronic infection or an infl ammatory disease. 
Elevated CRP and/or an ESR are also indicators of infl ammation. 
If either is elevated, further studies would be necessary to identify 
the etiology of the infl ammation. Elevated CPK levels suggest an 
infl ammation of muscle. Liver and renal function tests can be ele-
vated in hepatitis C, myositis, lupus, rheumatoid arthritis, and other 
autoimmune diseases. Thyroid disease can present with muscle pain 
or weakness, depression, fatigue, and insomnia; a thyroid-stimulating 
hormone (TSH) level is usually suffi cient to rule out this as a cause.

Other tests that could be considered in the workup of diffuse 
myalgia include vitamin B12 level, hepatitis C screen, and a Lyme titer. 
Vitamin B12 defi ciency would be high on the differential if the patient 
had undergone small bowel resection, was malnourished, had a his-
tory of excessive alcohol intake, or followed a diet low in B vitamins. 
Generally, this information can be obtained from the history and, 
unless there is suspicion, lab testing is not necessary. In the same way, 
a hepatitis C screen should be performed if hepatitis C is suspected 
or there is a history of blood transfusion, multiple sexual contacts, 
intravenous drug use, or a prior accidental needle stick. Screening for 

Endocrine: 
She denies chills, fever, and weight change. She admits to 
fatigue and sleeping difficulties as previously described.

PHYSICAL EXAMINATION
Vital Signs: 
In the office, her heart rate is 68 beats per minute, respiratory 
rate is 16 beats per minute, blood pressure is 112/70, and she 
is afebrile.

General: 
She appears in no acute distress.

Eyes: 
Extraocular muscles are intact and pupils are equally round and 
reactive to light.

ENT: 
Her oral mucosa is moist. Her neck is supple with no lymph-
adenopathy or thyromegaly.

Cardiovascular: 
Her heart has a regular rate and rhythm without murmurs and 
the lungs are bilaterally clear to auscultation.

Lungs: 
Breath sounds are full and clear to auscultation.

Abdomen: 
The abdomen is soft and nontender.

Skin: 
She has no rash.

Neurological: 
Reflexes are +2 and equal in both the upper and lower extremi-
ties. Sensation is intact to light touch and pin prick. Muscle 
strength is 5/5 globally.

Musculoskeletal/Structural: 
She has no muscle atrophy or spinous process tenderness. 
There are no joint effusions or tenderness. No synovitis is pal-
pable. Multiple tender points are present in the anterior neck 
at the C5–7 intertransverse spaces, at the insertions of the sub-
occipital muscles, in the upper midtrapezius bilaterally, in the 
supraspinatus above the medial scapular spine, just distal to the 
lateral epicondyles, at the upper outer quadrant of the buttocks, 
and posterior to the greater trochanter prominences. The cer-
vical, thoracic, and lumbar paraspinal muscles are tender and 
hypertonic. The occipital-atlantial junction is extended side-
bent right and rotated left. There is a sphenobasilar synchon-
drosis compression, the atlantial-axial junction is rotated right, 
the thoracolumbar junction is sidebent left and rotated right 
and the lumbosacral junction is sidebent right and rotated left, 
the right innominate is rotated posteriorly, and there is bilateral 
sacroiliac restriction. Both shoulders are protracted.

DIFFERENTIAL DIAGNOSIS

Diffuse myalgia associated with fatigue is a common complaint in 
the primary care setting. The differential diagnosis of myalgia can be 
extensive, encompassing common easily diagnosed and less well rec-
ognized clinical conditions, some of which can present with similar 
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Diagnosis
The three most common causes for myofascial pain are myofascial 
pain syndrome, chronic fatigue syndrome, and fi bromyalgia. Fibro-
myalgia is differentiated from myofascial pain syndrome in that it 
usually has multiple tender points in predictable bilateral locations, 
chronic widespread pain, a 10:1 ratio prevalence in females, fatigue, 
and sleep disturbance while myofascial pain syndrome has trigger 
points, more regionalized pain, a 1:1 ratio of males and females, 
and rarely has systemic features.

Fibromyalgia may be distinguished from chronic fatigue syn-
drome by virtue of the fact that chronic fatigue syndrome is usually 
preceded by a viral illness, which is not the case with fi bromyalgia. 
Fatigue, a characteristic of both diseases, is usually of more than 
6 months’ duration but is, in chronic fatigue syndrome, also associ-
ated with at least 4 of the following: decreased memory or con-
centration, sore throat, tender cervical or axillary nodes, multijoint 
pain, new headache, postexertion malaise, nonrestorative sleep, and 

T A B L E  6 5 . 1

Differential Diagnosis of Myalgias

Mechanical/Degenerative Conditions

Bursitis Involves Only One Joint or Limb

Tendonitis or synovitis Usually has a single focus and is associated with tendon motion
Cervical stenosis Neck pain associated with dysesthesia, numbness, and, if involving the 

central canal, myelopathic symptoms of extremity spasm, bowel and 
bladder dysfunction, unsteady gait, lower limb weakness and numbness, 
abnormal reflexes, muscle atrophy, and decreased muscle tone

Infectious Conditions

Lyme disease A characteristic erythema migrans, usually only one to two joints are 
involved, one of which is often the knee and associated neuropathy and 
nephropathy and frequent facial nerve involvement

Hepatitis C Need characteristic lab findings

Inflammatory Conditions

Polymyalgia rheumatica Features symmetric, proximal weakness, normal CPK, neuropathic pain, 
and hyperesthesia

Polymyositis and dermatomyositis Present with severe, symmetric proximal weakness, and high CPK
Rheumatoid arthritis: Morning stiffness that may last for several hours, joint swelling and pain, 

symmetric polyarthritis, joint warmth and effusion, multiple elevated serum 
immune complexes, and complement consumption

Systemic lupus erythematosis Characteristic malar or discoid rash, vasculitis, lymphadenopathy, 
thrombocytopenia, and nephritis associated dark urine and peripheral 
edema along with elevated ANA

Scleroderma Features skin and multiorgan fibrosis

Metabolic Processes

Hypothyroidism Can be assessed via a TSH level
Thyroid disease Can be assessed with imaging
Vitamin B12 deficiency A simple blood test can measure B12

Toxicities or side effects of some 
lipid-lowering agents

This is a diagnosis based upon clinical presentation and exclusion of other 
etiologies

Toxicities or side effects antiviral 
medications

This is a diagnosis based upon clinical presentation and exclusion of 
other etiologies

Lyme disease should be performed if the patient has a history of tick 
bite, a characteristic rash, or reported migratory joint pains. There 
was no objective muscle weakness found in this patient; however, if 
weakness of unknown etiology were present after initial workup or 
if there were concern for possible radiculopathy, myopathy, or nerve 
entrapment, an electrodiagnostic study should be performed. If any of 
these tests are abnormal, then a muscle biopsy or further testing for 
immunologic or other systemic disorders may be warranted.

CASE VIGNETTE (CONTINUED)

Labs performed during the initial visit with this patient included a 
CBC, renal and liver functions, CRP, ESR, CPK), and TSH lev-
els. The initial lab work was negative. This patient was diagnosed 
with fibromyalgia. The history and physical exam, in conjunction 
with lab results, indicate her pain is likely myofascial in origin.
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muscle pain. Fibromyalgia is a chronic syndrome, predominantly in 
women, that is marked by generalized chronic pain, multiple well-
defi ned tender points, fatigue, and sleep disturbance.

The chief complaint in fi bromyalgia is a condition encompass-
ing chronic, relapsing, diffuse aching pain, not just tenderness, that 
can be intermittent and nondermatomal. Patients may complain 
of hyperesthesia and allodynia. The pain presents, often bilater-
ally, in muscles and muscle tendon junctions especially in the neck, 
shoulders, second ribs, elbows, hips, buttocks, and knees. Other 
features of fi bromyalgia include severe fatigue, insomnia, depres-
sion, anxiety, cognitive diffi culty (specifi cally, issues with motiva-
tion, concentration, and organization), exercise intolerance and 
nonrestorative sleep. Fibromyalgia patients may have concomitant 
migraine headaches, temporomandibular joint disorder, urinary 
frequency, paresthesias in the hands and feet, or irritable bowel 
syndrome.

Approximately 2% of United States and Canadian citizens 
have fi bromyalgia. On a typical day, a primary care physician may 
see several patients with this diagnosis. The etiology of fi bromy-
algia is unknown. To date, no pathology has been found in the 
muscles of fi bromyalgia patients. Current theories include atypical 
sensory processing in the central nervous system (i.e., central sen-
sitization) and dysfunction of skeletal muscle nociception and the 
hypothalamic-pituitary-adrenal axis. Psychosocial factors seem to 
play a large role in the development of the disease; in fact, disabil-
ity is most common in persons with jobs involving physical labor, 
who have poor coping strategies, who feel helpless, and who are 
involved in litigation (Winfi eld, 2006).

Osteopathic Patient Management
Biomechanical Model
This patient has a large number of somatic dysfunctions that likely 
contribute to biomechanical stress and increased nociception. Since 
2 years have passed after the proposed inciting insult, treating the 
original somatic dysfunction in the low back will likely not be suf-
fi cient due to local and central sensitization. It is important to treat 
all areas of somatic dysfunction initially in this patient, concen-
trating on the areas of greatest functional compromise. Decreas-
ing biomechanical stress is key in avoiding continued local and 
central sensitization. Aerobic exercise should focus on stretching 
and strengthening the musculature and combating deconditioning. 
Core strengthening is benefi cial in treating deconditioned abdomi-
nals and paraspinal muscles that are either weak or inordinately 
tight.

Respiratory/Circulatory Model
Somatic dysfunction can alter the musculoskeletal system’s contri-
bution to tissue perfusion. The venous and lymphatic systems are 
low-pressure circulatory systems dependent upon external forces 
for proper function. Pain may result in muscle splinting and altered 
movement mechanics in the thoracic tissues and respiratory mus-
cles. Altered tissue tone and restrictions can directly impede tissue 
perfusion. Resolution of somatic dysfunction may improve circula-
tion to injured or damaged muscles and nerves.

Neurological Model
Recent clinical investigations have suggested that fi bromyalgia is 
a central sensitivity syndrome and that it has a neurophysiologic 
base. Many researchers now feel that risk factors for developing 
fi bromyalgia include vulnerability issues (such as being female, low 
self-effi cacy, history of adverse experiences) occurring while the 
brain was developing and persistent stress or distress, in terms of 
anxiety, poor coping skills, and personality disorders, all of which 

may negatively impact long-term prognosis. It is felt that patients 
with fi bromyalgia have a generalized decreased pain percep-
tion threshold, excess excitatory (nociceptive) neurotransmitters 
(as examples, substance P and glutamate, which concentrate in the 
insula of the brain), low levels of inhibitory neurotransmitters (such 
as serotonin and norepinephrine), enhanced temporal summation 
of pain, altered endogenous opioid analgesic activity, and dopamine 
dysregulation. (Winfi eld, JB. “Fibromyalgia” eMedicine, 2009)

In treating fi bromyalgia, it is important to remember that this 
is not a localized condition. Treating myofascial trigger points may 
help in the short term but have not been shown to be effective 
in long-term treatment of fi bromyalgia. An osteopathic treatment 
approach should address the whole patient. Empathetic listening 
and acknowledgment of the legitimacy of the patient’s pain, assess-
ing possible perpetuating or concomitant factors, relaxation train-
ing, activity pacing, and exercise are useful initial strategies that can 
be supplemented with other approaches as needed. In this patient, 
pain started locally in the back and then spread. If the original 
injury to the back does not resolve, it may continue to send acute 
nociceptive signals to the spinal cord, which in turn sends signals to 
the brain. Chronically sustained insults to a nerve can lead to local 
sensitization and phenomena known as “facilitation” and “wind-up,” 
where short-term potentiation of pain signals occurs that is asso-
ciated with repeated C-fi ber stimulation (Gary, 2002). Afferent 
pain signals from hypersensitive spinal nerves can affect related 
muscles and joints. Hyperesthesia, allodynia, and pain may then 
result in innervated structures. Hypersensitive proprioceptors can 
also cause structural alterations that lead to somatic dysfunctions, 
such as ligamentous articular strains, muscle spasm, fascial strains, 
and myofascial trigger points, all of which may lead to increased or 
sustained pain. The central nervous system’s response to prolonged 
painful stimulation is known as central sensitization, a long-term 
potentiation of pain signals associated with NMDA receptor acti-
vation and with the induction of specifi c genes. Chronic nerve 
impingement can lead to dorsal horn sensitization of its nerve 
roots. When central sensitization occurs, it can affect two seg-
ments above and below the innervating site. Therefore, multiple 
spinal levels can become painful and dysfunctional, as is seen in this 
patient. As a result, pain from a local injury can appear to spread 
to other regions of the body. Nociceptive signals from the spinal 
cord can be consolidated in the brain causing further sensitization 
in the central nervous system. In this patient, central sensitization 
may account for her depression, fatigue, insomnia, and cognitive 
impairment.

The patient was treated pharmacologically with duloxetine 
and later pregabalin. Duloxetine, a serotonin and norepinephrine-
reuptake inhibitor and antidepressant, has shown encouraging 
results in fi bromyalgia studies (Arnold et al., 2007). Pregabalin, 
an anticonvulsant, is the only FDA-approved drug for fi bromyal-
gia. Recent studies show statistically greater improvement in pain, 
fatigue, sleep, and quality of life (Crofford et al., 2005). Both act on 
the central nervous system and are likely able to lessen fi bromyalgia 
symptoms by modulating neurotransmitters and affecting central 
sensitization. The literature does not support the effectiveness of 
nonsteroid anti-infl ammatory drugs or steroids for the disease, 
but they can be useful in management of coexisting infl ammatory 
processes. Beta blockers, increased fl uid intake, NMDA receptor 
antagonists under supervision, analgesics, anxiolytics and hypnot-
ics, muscle relaxants, and the selective estrogen receptor modulator 
raloxifene are desirable, to name a few. Tricyclic antidepressants 
have shown benefi t with pain and sleep. When using this class of 
medication, it should be remembered that nortryptilene has a lesser 
side effect profi le (i.e., dry mouth, constipation, fl uid retention, 
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weight gain, and decreased concentration). Botulinum neurotoxin, 
produced by the anaerobic bacterium Clostridium botulinum, is one 
of several neurotoxins with similar effects on human tissue—it 
has been shown to inhibit release of neurotransmitters involved in 
pain transmission (such as substance P and glutamate) in animal 
studies; it also reduces signs of pain, local edema, and appears to 
act only upon motor nerve endings, thereby sparing sensory nerve 
fi bers. Botulinum toxin also secondarily appears to affect improved 
blood fl ow and to release nerve fi bers under compression by abnor-
mally contracting muscle via its presynaptic inhibition of release of 
acetylcholine.

Metabolic Energy Model
Finally, it is important to consider the metabolic energy model 
when planning long-term treatment for a patient with fi bromy-
algia. Diet (especially addressing potential 25-hydroxyvitamin D 
defi ciency), graded aerobic exercise, lifestyle modifi cations, and 
decreased somatic dysfunction load are all important in decreasing 
or eliminating future exacerbations of fi bromyalgia.

Behavioral Model
Psychological components are often prominent in fi bromyalgia. 
Not only does the patient report depression but also the worry and 
anxiety about her family and work. While this may be partially 
emotional, somatic dysfunctions may contribute to the sensitization 
of the brain’s emotional center, that is, the limbic system. Gold and 
Goodwin (1988a,b) fi rst reported depression and other “psycholog-
ical” symptoms in patients with chronic pain. Since that time, the 
association between depression and pain has become widespread 
(Robinson et al., 2009). Recent evidence suggests in patients with 
fi bromyalgia, pain may also adversely affect overall health via its 
contribution to allostatic load (Martinez-Lavin and Vargas, 2009).

CASE VIGNETTE (CONTINUED)

PATIENT OUTCOME
Information about fibromyalgia was provided to the patient 
through patient-physician discussion and patient handouts 
from the American Pain Society. OMT was performed start-
ing on the first visit. Initially, gentle techniques including 
myofascial release, balanced ligamentous tension, and cranial 
osteopathy were performed due to the patient’s sensitivity even 
to light touch. As she progressed with treatments, other tech-
niques were added. She was also started on an exercise program 
that consisted of gradually increasing aerobic workouts to reach 
a goal of 30 minutes of daily exercise. Most authorities agree on 
the value of patient education and aerobic exercise. Education 
should be centered on reassurance that the illness is real and 
that fibromyalgia is neither progressive nor life threatening.

The patient returned every 4 weeks for reevaluation and 
OMT. At each visit, continued aerobic exercise was encour-
aged and medications were titrated as needed. Counseling to 
improve diet and decrease stress was provided at each visit. 

From the osteopathic perspective, it is important for the patient 
to be as healthy as possible in order to heal. This would include 
modifications in diet, habits, exercise, and stress. In the case 
of this patient, diet was not an issue but she did start a weekly 
meditation and yoga class. In other patients, discussion of 
whole foods, proper water intake, and smoking cessation may 
need to be addressed. For some patients, referral to a nutrition-
ist or psychologist may be helpful.

By the fifth treatment, the patient was 75% improved. 
Follow-up visits were increased to every 3 months where she 
has been stable for 3 years. While her fibromyalgia has not 
completely resolved, she is now able to do work, take care of 
her family, and is not restricted by her disease.

SUMMARY

Using the osteopathic models of patient management, the phy-
sician can approach the patient with fi bromyalgia from a whole 
person perspective, addressing all the various factors that may con-
tribute to this multifaceted condition.
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Acute Neck Pain
MICHAEL SEFFINGER, JESUS SANCHEZ, AND MARCEL FRAIX66

K E Y  C O N C E P T S
■ The osteopathic approach to patients with neck pain begins with a thorough history and physical exam, including 

an osteopathic palpatory exam of the neuromusculoskeletal system.
■ Differential diagnosis utilizes a structure-function approach in determining whether the pain is due to local 

pathology, spinal somatic dysfunction of the cervical or upper thoracic region, localized manifestation of a 
systemic pathophysiologic process, or referred pain from intern organ disease.

■ Osteopathic treatment plan includes judicious application of osteopathic manipulative treatment to alleviate 
somatic dysfunction and improve biomechanical, neurological, metabolic, respiratory/circulatory, and behavioral 
functions.

■ Neck pain due to whiplash-associated disorder is a common cause of neck pain in middle-age adults and is 
considered to involve the whole person, not just the cervical spine.

ALL: 
She has no allergies to medications.

SOC Hx: 
She works as a secretary at a business office, types, files and 
answers phones 8 hours a day, 5 days a week. She is divorced, 
is sole caregiver for her elderly and frail mother, has two grown 
children and one grandchild. She denies smoking, drinks a glass 
of wine with dinner nightly, and denies illicit drug use.

REVIEW OF SYSTEMS
General: 
She denies recent weight loss or gain, fevers, night sweats, or 
travel.

Cardiovascular: 
She denies chest pain, shortness of breath, orthopnea, dyspnea 
on exertion.

Respiratory: 
She denies history of tuberculosis, asthma, cough, phlegm, dif-
ficulty breathing.

HEENT: 
She denies visual, hearing, smell, taste, or phonation problems; 
no drainage or infections.

GI: 
She has nausea but no emesis; decreased appetite; constipation; 
no hematochezia, melana, or hematemesis. She has no history 
of abdominal pain or distention. No history of ulcers, hepatitis, 
gallstones, pancreatitis, or colitis.

Neurological: 
She gets intermittent dizziness that resolves spontaneously; no 
history of seizures, stroke or weakness; she does have chronic 
low back pain.

OB/GYN: 
She is G2P2. Her last menstrual period was 2 weeks ago, nor-
mal flow and regular. She has not been sexually active in the 

CASE STUDY

Chief Complaint: Neck Pain
HPI: 
A 45-year-old female presents to the ambulatory clinic with a 
complaint of acute neck pain that began after a motor vehicle 
accident (MVA) 3 days ago; she requests a note to stay off 
work. Three days ago, she was sitting in her car at a stoplight in 
her compact car when it was hit from behind by a pickup truck 
going about 35 mph. She was wearing her seat belt, hit her head 
against the headrest, but had no loss of consciousness; however, 
she did complain of neck pain after she stepped out of her car. 
She was looking up to the right into her rear view mirror at the 
time of impact. She was seen in an emergency room (ER) later 
that day where a cervical spine x-ray series showed no fractures 
or dislocations, but loss of cervical lordosis was noted. She was 
discharged home the same day with a soft cervical collar and 
given a prescription for an analgesic for pain, a narcotic for 
severe pain, and a muscle relaxant for muscle spasms.

She still has neck stiffness and pain, 8/10, better laying 
supine, worse when sitting up. It lasts throughout the day and 
is dulled a little by the analgesics. The neck collar gives her 
some relief. She has no other medical problems. Currently, she 
is taking the medications given to her at the ER, which provide 
some relief, although they make her drowsy and she has been 
sleeping several times throughout the day. The pain radiates to 
her shoulders and head. It is constant with intermittent sharp 
and shooting radiating pain to her shoulders and head.

PMH: 
She has no major medical problems, no hospitalizations.

PSHx: 
None to date.

MEDS: 
Ibuprofen 800 mg tid prn pain; hydrocodone/acetaminophen 
500 mg one every 4 hours prn severe pain; carsiprodol one every 
6 hours prn muscle spasms.
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past 2 years. She states that her last pap and breast exams were 
normal 6 months ago.

Psychiatric: 
She denies fatigue, but has had nightmares since the accident. 
She is anxious, fearing she will not be able to continue her job or 
take care of her mother. However, she denies a history of anxi-
ety or psychiatric illness or hospitalization. She denies bipolar 
disease, depression, or schizophrenia. She is frustrated that the 
narcotics and muscle relaxers make her unable to function. She 
would like to have another alternative to help her deal with the 
pain that will allow her to still carry out her responsibilities at 
home and at work.

Hematological: 
She denies history of anemia or bleeding dyscrasias. She sus-
tained a bruise from the seat belt across her neck, but has no 
history of easy bruising.

Endocrine: 
She denies heat or cold intolerance; no polydypsia, polyphagia, 
polyuria.

MSK: 
She denies skin lesions or rashes; no swollen joints, hands, 
or feet; constant bilateral frontal vice-like headaches and low 
back pain since the accident, with radiation to the left but-
tocks. She has a history of low back pain treated by a series 
of visits to chiropractors, osteopathic physicians, and physi-
cal therapists off and on for over 10 years since she fell ski-
ing when she was 18. She was told she had scoliosis and a 
short left leg for which she wore a ¼ in. lift for 10 years, but 
stopped using it for the past 17 years. She has not had dis-
abling back or neck pain since then, though on occasion gets 
a headache or low back pain that resolves with a nonsteroi-
dal anti-inflammatory medication, some stretching exercises 
for the neck and low back, and a couple of days of rest from 
strenuous activities.

PHYSICAL EXAM
Vital signs:
Height: 5'6", weight: 150, BP: 150/88 mm Hg, R: 18 breaths/
minute, P: 86 beats/minute, T: 98.6F.

General: 
Although somewhat low energy and anxious in appearance, she 
is well nourished, well developed, and in obvious pain and dis-
comfort in the seated position with a soft cervical collar around 
her neck.

Integument: 
There is a mild abrasion over the left upper shoulder where the 
seatbelt was with slight ecchymosis. No ecchymosis in the other 
extremities, chest, or abdomen.

HEENT: 
There are no contusions, lacerations, erythema, discharge, or swell-
ing. Pupils are equal, round, reactive to light and accommoda-
tion, and external ocular muscles are intact (PERRLA, EOMI). 
There is no thyromegaly or tenderness. No lymphadenopathy.

Heart: 
Has a regular rhythm without murmurs; no carotid or vertebral 
bruits.

Lungs: 
Are clear to auscultation with equal breath sounds bilaterally.

Abdomen:
The abdomen is flat; there are bowel sounds present in all four 
quadrants, nondistended, tympanic, no masses, no hepatosple-
nomegaly or tenderness. No suprapubic tenderness.

Extremities: 
No swelling, full ROM of the joints, pulses full and capillary 
refill less than 2 seconds in upper and lower extremities.

Neurologic exam: 
Alert and oriented to person, place, and time. Gait is normal. 
Muscle strength is 5+/5+ in all muscles in upper and lower 
extremities. CN II to XII are grossly intact. Deep tendon 
reflexes are 2+/4+ bilaterally, symmetric in the upper and lower 
extremities. Babinski’s test elicits bilateral downward going 
toes. There are no cerebellar or sensory deficits. Straight leg 
raise is negative bilaterally to 90 degrees. Cognitive exam (mini 
mental status exam) is negative. Spurling’s maneuver for the 
cervical spine is negative for eliciting radiating pain.

Osteopathic/musculoskeletal exam:
Static tests for symmetry of anatomical landmarks: In the standing 
postural assessment, her head is held anterior to the gravitational 
line, with loss of cervical lordosis, decreased thoracic kyphosis 
and lumbar lordosis; the left shoulder is elevated; the left tip of 
scapula is superior; there is a thoracic scoliosis T5-11 convex right, 
apex at T8; there is a lumbar scoliosis L1-5, convex left with 
apex at L3; the left PSIS landmark is lower than the right; the left 
iliac crest is about 1 cm lower than the right; there is a short left 
leg approximately ¼ inch; and the left ASIS is inferior.

Motion tests reveal: 
Positive standing and seated flexion tests on the left; the sacrum 
has decreased motion in both flexion and extension and feels 
compressed into L5; inherent sacral motion is diminished; L1-5 
are rotated left sidebent right in neutral and the sacrum is also 
rotating to the left; T5-11 are neutral rotated right sidebent 
left; T3 is extended, rotated, and sidebent right with boggy, 
edematous, and tender paraspinal soft tissues at that level; T1 
and T2 are extended rotated left sidebent left; there are myofas-
cial restrictions of the thoracic inlet; the left first rib is restricted 
during exhalation; right ribs 3 to 6 are restricted during inha-
lation; left ribs 6 to 12 are restricted in exhalation; the left 
diaphragm is restricted during exhalation; there is decreased 
cervical range of motion bilaterally, especially flexion, exten-
sion, and sidebending; the occipitoatlantal (OA) articulation 
is extended sidebent left rotated right; the atlantoaxial (AA) 
articulation is rotated right; cranial motion is diminished in 
amplitude bilaterally with little movement palpable.

Palpation reveals: 
Tender anterior cervical muscles; there are bilateral cervical 
spasms from C3 to C7 making it difficult to assess segmental 
restrictions; trigger points are present in the trapezius and pec-
toralis muscles bilaterally; there is a tender L5-S1 interspinous 
ligament; and Jones’ tenderpoints are found at the left LPL5, 
right LC1, right AC1, and right PC2.

ASSESSMENT
1. Neck Pain ICD-9: 723.1
2. Whiplash-Associated Disorder (WAD) ICD-9: 847.1
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spine x-ray series (1). The upper cervical somatic dysfunction is 
symptomatic and likely related to her recent accident, but she has 
underlying dysfunction in all body regions related to her short leg 
and scoliosis. Her neck pain could be an exacerbation of her already 
dysfunctional back and spine.

It is unlikely she has a disease process radiating pain to the 
neck as her history and physical do not support this theory, so a 
myocardial infarction, pancoast lung tumor, esophageal or tracheal 
tumor or infl ammation, thyroiditis or tumor, pulmonary embolus, 
collapsed lung, pleurisy, vertebral artery dissection, carotid artery 
dissection, tuberculosis, cancer of the mediastinum or neck or cer-
vical lymphadenopathy are less likely and can be removed from the 
differential at this time; however, if her course of recovery does not 
follow a pattern consistent with a primary musculoskeletal injury, 
these occult sources of pain might be investigated further.

An underlying metabolic disease, such as osteoarthritis, rheu-
matoid arthritis, rheumatoid-related conditions, like dermatomyo-
sitis, temporal arteritis, Lyme’s disease and fi bromyalgia, goiter or 
thyroiditis, infection of the soft tissues, that is, cellulitis, the cervi-
cal discs or lymph channels (lymphangitis), or diet-related calcium 
or potassium defi cits are not likely as there is no support for these 
conditions in the history and physical.

Neurological conditions that cause neck pain need to be con-
sidered, such as cervical radiculitis, atypical facial pain, trigeminal 
and glossopharyngeal neuralgia, refl ex sympathetic dystrophy, neu-
rogenic infl ammation, but these are less common causes and are 
unlikely given the history of a recent whiplash injury just before 
the onset of her pain.

Neck pain from somatic dysfunction that is mechanical in 
origin is typically amenable to osteopathic manipulative treat-
ment (OMT) and not only involves the cervical region but also 
is accompanied by dysfunction in the upper back, ribs, head, and 
upper extremities (2). It is characterized by the presence of muscle 

3. Somatic Dysfunction ICD-9: cranium (739.0), cervical 
(739.1), thoracic (739.2), lumbar (739.3), sacrum (739.4), 
pelvis (739.5), lower extremity(739.6), and ribs (739.8)

4. Abrasion ICD-9: 911
5. Anxiety ICD-9: 300.4
6. Contusion ICD-9: 923.0
7. Dizziness ICD-9: 780.4
8. Muscle spasms ICD-9: 729.1
9. Nausea ICD-9: 787.02

10. Scoliosis, idiopathic ICD-9: 737.30
11. Short leg ICD-9: 755.32

DIFFERENTIAL DIAGNOSIS

Differential diagnosis utilizes a structure-function approach in 
determining whether the pain is due to local pathology, spi-
nal somatic dysfunction of the cervical or upper thoracic region, 
localized manifestation of a systemic pathophysiologic process, or 
referred pain from intern organ disease. Since local neck pain gen-
erators may be located in the muscles, fascia, ligaments and joint 
capsules, periosteum, intervertebral discs, arteries, glands, organs, 
esophagus, trachea, lung and dura, all pathologic processes affect-
ing these structures should be considered as possible causes of her 
pain. These include degenerative, infectious, infl ammatory, neo-
plastic, congenital diseases, fractures, dislocations, spinal cord and 
peripheral nerve injuries, and vascular diseases, including arterial 
dissection. Differential diagnoses of acute neck pain from local 
pathology are listed in Table 66.1 along with characteristics and 
diagnostic tests used to confi rm each.

In the patient above, gross fracture and dislocation are not 
likely, but possible, even in light of a negative initial cervical 

T A B L E  6 6 . 1

Differential Diagnosis of Neck Pain from Local Pathology

Diagnosis Characteristics Tests

Acute pharyngitis Erythematous pharynx; exudates Strep screen
Carotid aneurysm dissection Tender carotid, bruit on auscultation Carotid US, angiogram
Carotidynia Tender carotid Carotid US
Cervical fracture Muscle splinting, history of trauma Cervical spine x-rays
Dental disease Teeth and/or gingival pain, tenderness, swelling Dental x-rays
Lymphadenitis Enlarged, tender lymph nodes CBC, ESR
Meningitis Nuchal ligament rigidity, fever, malaise Spinal tap
Myositis Very tender muscles CBC, ESR
Peritonsillar abscess Tonsil protruding anteriorly and/or medially Aspiration
Spinal cord injury Neurologic deficits below neck; if C3-5: diaphragm 

paralysis
MRI C-spine

Submandibular gland disease Tender, mass palpable US, CT
Temporomandibular joint syndrome Tender TMJ, deviation of jaw upon opening, 

decreased movement
CT

Thyroiditis Palpable thyroid, may be tender TSH, T4, T3
Torticollis Contracture of SCM muscle Cervical x-rays
Tumor of tongue Palpable mass MRI
Vertebral artery dissection Ophthalmologic and neurologic deficits US, MRI angiogram
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spasm, decreased range of motion, as well as a reduction in the 
quality of motion; there is pain with movement that improves with 
rest; and there is no organic pathology that could radiate pain to 
the region or cause viscerosomatic refl exes (2).

The incidence of motor vehicle collisions and WAD has 
increased in western nations over the past 30 years (3). Neck pain 
is the most frequently reported complaint in connection with 
whiplash (acceleration/deceleration); however, as is the case with 
low back pain, neck pain in general runs an episodic course and 
the most signifi cant risk factor predictive of future episodes of 
neck pain is a previous history of neck pain (3). The Quebec Task 
Force on WAD defi ned whiplash as “an acceleration-deceleration 
mechanism of energy transferred to the neck that results in soft 
tissue injury that may lead to a variety of clinical manifestations 
including neck pain and its associated symptoms” (4). That task 
force also coined the term “WAD” to describe the clinical entities 
related to the injury, and to distinguish them from the injury mech-
anism. Though people mostly associate whiplash injury with neck 
symptoms, osteopathic physicians have long advocated for the per-
spective of whiplash as a total body, or total person, injury (5–10). 
Indeed, along with neck pain, patients also complain of a variety 
of WAD, including headache, cognitive disturbances, vertigo, 
visual disturbances, jaw pain, low back pain, and/or interscapular 
pain (11,12).

Cervical spine “whiplash” or acceleration/deceleration injury is 
a mechanism of injury, not a type or extent of injury. There are con-
fl icting theories of the mechanism of the cervical spine component 
of the injury:

■ One is that the body propels forward with the head relatively 
stationary, followed by hyperextension, which then is followed 
by hyperfl exion of the neck while the head recoils forward (after 
hitting the headrest), the damage being rapid tissue stretch sec-
ondary to traction, hyperextension, and hyperfl exion

■ Another theory proposes that compression and concomitant 
torques at the level of C1 and C7, with a fl exion torque at C1 
and an extension torque at C7, cause ligamentous and myofas-
cial sprain (13)

Probably both occur, with hyperextension causing the greatest 
insult. With hyperextension, if there is no head rest support for the 
head, the motion far exceeds the physiologic barrier and anterior 
neck soft tissues can be stretched, strained, and ruptured. However, 
cervical response is not so simple; it is modifi ed by impact force, 
awareness and direction (14):

■ The greater the weight and speed (force) of the impacting 
vehicle, the more force is transmitted to the people in the car 
being hit

■ If the person is aware of the impact, muscles will contract in 
preparation for the collision, stabilizing the spine and diminish-
ing the strain and stretch on the myofascial tissues; an unaware 
person’s muscles and connective tissue would stretch before 
contracting, likely causing more damage

■ Direction of impact affects the muscles that will be activated 
in response to the force, and those that will likely be injured by 
stretch and strain forces (14)

The patient described above has WAD and somatic dysfunction 
in several body regions. The dizziness and nausea are likely sec-
ondary to the cervical somatic dysfunction as it affects equilibrium 
and neural afferents involved in the sensation of nausea (CN X). 
Muscle spasms and tenderpoints are also related to the WAD and 
associated somatic dysfunctions. The contusion and abrasion is 
most likely caused by the seat belt restraint. The underlying short 

leg and scoliosis are chronic problems and, although not directly 
related to her complaint of neck pain, likely have a signifi cant role 
in the decreased resilience of the cervical spine to the whiplash 
motion effect.

OSTEOPATHIC PATIENT MANAGEMENT

Biomechanical Model

The entire postural mechanism needs to be considered even though 
the patient’s primary complaints are in the neck and upper body 
regions (5–9). The motion present in the cervical spine is deter-
mined by the unique cervical spine articular anatomy (see Chapter 
on Cervical Region Anatomy) and dynamic interaction of the vari-
ous muscles attached to the cervical spine that are coordinated in 
function during head, neck, thoracic, rib and upper extremity move-
ments (14). The thoracic spine anchors the origins of muscles that 
stabilize and extend the cervical spine, such as the splenius cervicus 
and semispinalis capitus. These are not the muscles often injured 
in WAD; rather, the muscles most commonly injured, hypertonic, 
or tender upon palpation include the sternocleidomastoid, splenius 
capitus, and trapezius (14).

Assessing the mechanics of any injury is helpful in making a 
diagnosis and developing a management plan. Mechanical aspects 
of a whiplash-associated injury affect the degree of injury, treat-
ment options, and prognosis. For example:

■ Bracing the hands against the steering wheel reduces anterior 
translation of the body, thereby reducing cervical injury but 
increasing the probability of soft tissue injury to the shoulders, 
ribs, and thoracic region

■ The presence of a headrest on top of the driver’s seat reduces 
the chance of hyperextension and reduces the chance of cervical 
injury (15)

The body is a unit mechanism and all parts are deranged in a whip-
lash injury (7–9). The prevertebral fascia of the anterior neck is con-
tinuous with the mediastinum, which is continuous with the crura 
of the diaphragm surrounding the psoas major muscle. Thus, hyper-
extension can lead to strains in fascial patterns and dysfunctions in 
the thorax, abdomen, pelvis, and even the lower extremities (9). 
Comorbidities, in this case, scoliosis and short leg, will decrease 
the patient’s adaptability to the sprained and strained upper body 
myofascial and ligamentous structures; osteoarthritis, rheumatoid 
arthritis, and similar soft tissue or joint infl ammatory diseases can 
alter the tissue responses to the acceleration/deceleration injury. 
In many cases, sacral dysfunctions may prevent the patient from 
recovering in spite of OMT provided to the cervical and thoracic 
regions (5).

Pelvic somatic dysfunction occurs most commonly associated 
with the driver planting the foot on the brake in anticipation of, or 
in attempt to avoid, the accident, causing ilial rotations and supe-
rior pubic shears. The paravertebral muscles of the spine and the 
latissimus dorsi attach to the iliac crests. Movements of the spine 
and shoulder girdle operate against the resistance of the stabilized 
ileum. Patients may exhibit pain and decreased range of motion 
secondary to sacral and ilial dysfunction. Look for iliopsoas strains, 
strain or sprain of the hip, knee, foot, and ankle. Hip and pelvic 
fractures are quite common if the patient’s foot was planted at the 
time of impact. Sacral dysfunction disturbs the body’s balance and 
homeostatic mechanism—thus hindering the healing process (5). 
During cervical hyperextension and hyperfl exion, the continuity of 
various muscular, ligamentous, and dural attachments causes the 
sacrum to be forcibly lifted and dislodged from its fl oating position 
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between the ilia (5). Craniosacral restriction may be accompanied 
by gross lumbosacral and sacroiliac dysfunctions. Becker recom-
mends diagnosing and restoring the primary respiratory (i.e., cran-
iosacral) mechanism before addressing the interaction between the 
pelvis and the sacrum (5).

Whiplash injury occurs simultaneously in the cervical and 
thoracic regions (6). The continuity of the cervical, thoracic, and 
lumbar spine that is provided by the ligamentous attachments 
and paravertebral musculature, along with somatosomatic refl exes, 
transmits the acute cervical strain to the thoracic and lumbar 
regions. A signifi cant thoracic extended dysfunction is produced 
in taller patients, often in the region of the top of the seat. Also, 
rotation and lateral forces are introduced into the spine. Lastly, the 
intimate relationship of the thoracic and cervical spine with the 
shoulder girdle makes it especially susceptible to injury. Usually, 
the occiput and the sacrum have the same dysfunctions. Asymmet-
ric traction by muscles that attach to the cranium can result in tor-
sions and sidebending or rotary dysfunctions; the temporal bones 
are especially vulnerable to these forces (7). Strain patterns are usu-
ally present if the patient has struck any object (7). The patient 
described above has decreased palpable cranial and sacral motion 
likely because of sphenobasilar compression as well as lumbosacral 
compression.

An osteopathic approach to this patient would entail helping 
her to improve her posture, short leg and scoliosis, as well as to 
evaluate and improve joint motion with OMT and exercises.

For patients with WAD, even in the 1960s and 1970s, osteo-
pathic physicians advocated for adjunctive therapies in addition to 
OMT for somatic dysfunctions of the thoracic, lumbar, and sacral 
areas, and any obvious dysfunctions of the cranial and cervical 
spine (6–8):

■ Acupuncture
■ Adequate nutritional support
■ Appropriate exercise
■ Cervical traction
■ Gentler forms of manipulation such as myofascial release and 

muscle energy (i.e., isometric resistance) techniques
■ Heat and cold applications
■ Help the patient to effectively address emotional diffi culties 

such as anxiety and depression often associated with WAD
■ Muscle relaxants
■ Preventative measures including public education regard-

ing whiplash injury, and the use of seatbelts and appropriately 
adjusted head restraints while driving

■ Treatment of myofascial trigger points with ice massage or ethyl 
chloride spray and stretch

■ Ultrasound
■ Various types of neck collars in the acute phase
■ Vitamin therapy.

Current evidence-based recommendations emphasize OMT to 
relieve somatic dysfunction and individualized exercises for reha-
bilitation (2,16); cervical collars are still used in the fi rst few days 
up to a couple of weeks, but evidence has shown that patients 
who use a soft or fi rm cervical collar have no measurable benefi t 
in improvement when compared to patients who receive general 
medical care only (17).

Respiratory/Circulatory Model

In the respiratory/circulatory model, evaluating and treating patients 
with neck pain considers the possible respiratory and circulatory 
relationships involved in the cause as well as in the treatment.

As is common with patients suffering from neck pain, the above 
described patient exhibits not only cervical, but also thoracic, lum-
bar, and sacral spinal somatic dysfunctions as well; costal and dia-
phragmatic dysfunctions are also present. Respiratory movements 
are compromised not only at the level of the diaphragm, but also in 
the costal cage and spine. Proper respiratory motion and optimal 
function relies on normal spinal and costal cage mechanics. The 
diaphragm attaches to ribs 6 to 10, and to the upper three lumbar 
vertebrae. Dysfunctions in these joints render the diaphragm less 
effective. The phrenic nerve, which emanates from cervical spi-
nal nerves C3-5, controls diaphragm contraction. Optimal lymph 
drainage also requires normal costal cage mobility that enables 
alternating intrathoracic pressure differentials with each breath so 
that the passive lymphatic channels return lymph from below the 
diaphragm to the heart via the thoracic duct. Cervical and cranial 
lymphatics drain into the subclavian veins en route to return to 
the central circulation via the heart. Cervical somatic dysfunction 
involving the scalene muscles and anterior cervical fascia can com-
promise the supraclavicular fascia surrounding the thoracic inlet 
and thoracic duct and right lymphatic duct as they empty their 
contents into the subclavian veins. The fascial tension can interfere 
with free fl ow of the lymphatic drainage, so OMT using, for exam-
ple, myofascial release, will help restore normal motion mechanics 
to that vital region. Therefore, in addressing the cervical, costal, 
upper extremity, thoracic, lumbar, and sacral somatic dysfunctions 
of the patient, consider the goal of restoring normal lymphatic and 
venous drainage through improved respiratory mechanics. Relieve 
tense myofascial components of the supraclavicular, thoracic inlet 
and outlet, the ribs, and the diaphragm. Maximize cervical lym-
phatic drainage with soft tissue and lymphatic OMT. Relieve 
somatic dysfunction along the entire spine, including the sacrum 
and pelvis. The patient may benefi t from a shoe lift to relieve strain 
at the lumbosacral junction due to the unlevel sacral base. Improv-
ing sacral motion improves the primary respiratory mechanism 
function through the core link to the occiput via the spinal dura.

The vertebral artery traverses the cervical spine within a foramen 
in each vertebra but makes three 90-degree turns at the C1-occipital 
joint before entering the foramen magnum to provide blood to the 
base of the brain and cerebellum via the basilar arteries. Due to the 
vulnerability of this artery to dissection and occlusion resulting in 
stroke (cerebral vascular accident and subsequent central nervous 
system defi cits), cervical spine HVLA procedures, especially those 
that require extension and rotation at the upper cervical spine to 
correct somatic dysfunctions, need to be performed with great cau-
tion and skill. It is impossible to predict whether a manual proce-
dure will cause vertebral artery compromise; however, if prior to 
manipulation of the upper cervical spine, the patient complains of 
vertigo, has nystagmus, or syncope upon rotation of the head, these 
could be signs of vertebral artery compromise. If these symptoms 
or signs are present, performing the HVLA procedure is not rec-
ommended. Rather, place the patient’s head back on the treatment 
table and reassess for vertebral artery compromise (auscultate for 
bruit, and obtain imaging with ultrasound and/or magnetic reso-
nance or computerized axial angiograms to rule out dissection or 
occlusion). The American Osteopathic Association supports the 
use of HVLA for cervical somatic dysfunction. This position paper 
reviews the literature related to this topic as well and is highly rec-
ommended reading.

Somatic dysfunction in the upper thoracic spine and cervical 
spine is thought to affect blood fl ow to the cranium as the sympa-
thetic cervical chain ganglia are situated just anterior to the cervi-
cal vertebra bodies. Louisa Burns, D.O., demonstrated the effects 
on cranial blood fl ow and ears, nose, and throat diseases from 
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experimentally induced thoracic and cervical somatic dysfunction 
in animal models (31). Johnston and Kelso later documented a 
somatic dysfunction pattern of C6, T2, T6 in patients with hyper-
tension (32). In a large retrospective chart review from osteopathic 
physicians across America in the 1950s, the most common somatic 
dysfunction related to cardiac symptomatology was OA dysfunc-
tion (33). More recently, much other comorbidity have been found 
in association with neck pain (Box 66.1).

Neurological Model

The patient has dizziness from her WAD and somatic dysfunctions. 
Understanding the upper cervical spine anatomy provides clues to 
the relationship of the somatic dysfunction found on physical exam 
and her symptoms. Dizziness is a symptom that occurs when there 
is disequilibrium. Equilibrium depends on normal vestibular func-
tion. The eyes and neck movement are coordinated via the tec-
tospinal tract to maintain balance and equilibrium. The temporal 
bones house the vestibular apparatus that consists of three semicir-
cular canals in three different planes with endolymphatic fl uid and 
cilia that enable us to maintain a sense of where we are in relation 
to our environment. The posterior suboccipital muscles level the 
head to the horizon and keep the temporal bones level so we feel 
balanced. Thus, cervical somatic dysfunction interferes with head 
position, temporal bone levels, and eye-neck coordination, disturb-
ing equilibrium function. Correcting the cervical somatic dysfunc-
tion with OMT should relieve the sense of dizziness if indeed this 
is the cause of the troublesome symptom. Dizziness could also be 
a symptom of vertebral artery dissection or occlusion, so the astute 
osteopathic physician should be aware of this possibility, especially 
if there are other central neurologic signs of defi cit or dysfunction.

The patient also has nausea. Peripherally induced nausea sensa-
tion is transmitted to the brain most commonly via the vagus nerve 
afferents. The inferior nodosal (vagal) ganglia is situated immedi-
ately outside the cranial cavity as the vagus nerve exits the jugular 
foramen between the occiput and temporal bones, before the nerve 
enters the carotid sheath along with the jugular vein and carotid 
artery. Osteopathic clinicians believe the vagus nerve is vulnerable 
to the effects of somatic dysfunction in that vicinity and vice versa; 
if there is increased vagus nerve activity, that is, from thoracic or 
abdominal visceral infl ammation, the surrounding somatic struc-
tures are affected and show signs of somatic dysfunction in the 
upper cervical spinal joints and surrounding soft tissues. Treatment 

of the cervical somatic dysfunction with OMT is also intended to 
restore normal vagal activity and function, including relieving sen-
sation of nausea that is caused by the cervical somatic dysfunction.

The relationship between cervical somatic dysfunction and 
symptoms of dizziness and nausea, and their abolishment by 
OMT, are anecdotal (expert clinical experience) and await animal 
or human laboratory studies and prospective randomized clinical 
trials to prove cause and effect. The current trend in osteopathic 
manual medicine practice, as exemplifi ed by recent articles by 
osteopathic clinicians, favors treatment of somatic dysfunction not 
only in the cervical region, but throughout the body for patients 
with symptoms of dizziness and nausea (18,19).

The patient has pain and tenderpoints in the cervical as well as 
pelvic regions. They are likely due to the WAD. However, WAD 
is not the only cause of acute neck pain. In the United States, 
almost 85% of neck pain may be attributed to chronic stresses and 
strains or acute or repetitive neck injuries (20). In general, somatic 
dysfunction involving the OA and AA joints usually causes head 
pain primarily with neck pain secondarily, and somatic dysfunction 
of C2-7 joints causes neck pain primarily with head pain and/or 
shoulder pain secondarily (21,22). Cervical facet pain is typically a 
unilateral, dull aching pain with occasional referral into the occipi-
tal or trapezial region, depending on the facet joint involved. C1 
and C2 zygapophyseal joints refer pain to the cranium, whereas 
C3-7 refer pain to the trapezium and interscapular regions (20). 
The pain referral zones for facet pain overlap both myofascial and 
disc pain patterns making it diffi cult to ascertain the exact level of 
the pain generator. In some patients, neck and head pain are associ-
ated with trigeminal nerve activity, either from dental-facial prob-
lems, activation of the cervical branches of the trigeminal nerve 
or infl uence of the trigeminal nerve on the thalamic pain receptor 
fi eld in the brain (23).

With WAD, myofascial tenderpoints are commonly found in 
the trapezius, scalene, semispinalis cervicis, semispinalis capitis, and 
multifi dus (10); the semispinalis capitis muscle seems to be most 
likely to develop a painful trigger point (24). In some patients, neck 
and head pain are associated with trigeminal nerve activity, either 
from dental-facial problems, activation of the cervical branches of 
the trigeminal nerve, or infl uence of the trigeminal nerve on the 
thalamic pain receptor fi eld in the brain (23).

The most reliable physical examination tests for patients com-
plaining of neck pain are the patient’s response to digital pressure 
on bone or muscle, as is used with assessing for strain/counter-
strain tenderpoints; tests for regional range of motion; and Spurl-
ing’s maneuver for cervical radiculopathy (extension, sidebending, 
and rotation at the cervical spinal level of suspected spinal nerve 
root compression, combined with axial compression to limit the 
size of the intervertebral foramen, to see if pain radiates to the 
arm in a dermatomal distribution related to the spinal nerve being 
assessed) (25).

Systematic reviews of randomized clinical trials have shown 
that manipulation plus exercise is benefi cial for acute and chronic 
mechanical neck disorders with or without accompanying pain 
radiation to the head (16). In a multisite randomized clinical trial 
comparing the effectiveness of OMT with intramuscular non-
steroidal anti-infl ammatory medication (ketorolac tromethamine) 
for patients with acute neck pain seen in the emergency depart-
ment, the OMT group had signifi cantly reduced pain intensity 
and equivalent effi cacy at relieving pain assessed at 1 hour post 
treatment (26). All patients received an initial structural exam. 
Fifty-eight patients were enrolled and met inclusion criteria if they 
had somatic dysfunction with no history or evidence of underly-
ing organic disease. More than half of the patients in each group 

Comorbid Conditions that are Found 
Associated Most Commonly in Patients 
with Neck Pain Include
• Autonomic failure (49)
• Cardiovascular disease (35,36)
• Concentration problems (50)
• Digestive system disease (36,41)
• Dizziness (50)
• Headaches (39,41)
• Low back pain (36,39,41)
• Nausea (50)
• Occipitoatlantal osteoarthritis (51)
• Orthostatic hypotension (49)
• Shoulder pain (36–40, 45, 52–55)
• TMJ syndrome (56)
• Trapezius muscle ischemia (57)
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had neck pain as a result of a motor vehicle collision. Osteopathic 
physicians palpated the cervical region to assess patients for tissue 
texture changes, joint restrictions, and areas of tenderness. OMT 
performed at the discretion of each physician with no set protocol 
included isolated or a combination of HVLA thrust, muscle energy, 
and/or soft tissue techniques. Intervention with OMT lasted less 
than 5 minutes (26).

Autonomic effects can accompany cervical somatic dysfunc-
tion. Sympathetic innervation to the head and neck regions is 
derived from preganglionic fi bers arising from the lateral horn of 
the spinal cord from T1 to T6. These fi bers proceed cephalad to the 
sympathetic chain to enter the cervical ganglia and synapse with 
the postganglionic fi bers. The inferior cervical ganglia lie at the 
superior border of the fi rst ribs, anterior to C7. The inferior cervi-
cal ganglia send branches to the heart. The middle cervical ganglia 
are at the level of the transverse process of C6. The middle cervical 
ganglia send fi bers to the thyroid gland and also to the heart. The 
superior cervical ganglia are at the level of the AA joint. The supe-
rior cervical ganglion postganglionic fi bers accompany the internal 
carotid and ophthalmic arteries into the orbit, and to the glands of 
the head and face. Postganglionic fi bers accompany the vertebral 
arteries and enter the skull to supply the vestibular portion of the 
ear, some cranial nerves, and the pharynx. Additionally, the cervi-
cal vertebra bodies and intervertebral discs are entirely surrounded 
by a network of interlacing nerve fi bers (27). The anterior longi-
tudinal ligament (ALL) receives bilateral contributions from the 
medioventral small branches of the sympathetic trunk forming a 
plexus of nerves throughout all levels. The posterior longitudinal 
ligament (PLL) likewise receives bilateral contributions from the 
sinuvertebral nerves that form a nerve plexus throughout all levels. 
There, nerve plexus of both the ALL and the PLL meet through 
the rami communicantes (27). Sympathetic symptoms can occur 
as a result of stimulation of the peripheral nerves as they pierce 
the soft tissue, stimulation of the sensory elements of C1 and C2, 
simultaneous compression of the nerve route in its foraminal pas-
sage or compression of the vertebral artery. Sympathetic symptoms 
include the following:

■ Aural: tinnitus, deafness
■ Ocular: blurred vision, retrobulbar pain, and a pupil that dilates 

when the head is turned and returns to a neutral midline position
■ Vestibular: postural dizziness or vertigo

This patient exhibits signs of central and peripheral sensitization, 
or facilitation. OMT would be helpful in decreasing the irritabil-
ity of the nervous system. It has been demonstrated that cervical 
spine manipulation alters cortical somatosensory processing and 
sensorimotor integration; the primary muscle afferents (probably 
Ia) are the most likely mediators of these effects (28). Resetting of 
the muscle spindle afferents with muscle energy OMT increases 
range of motion in cervical spinal joints (29). In randomized clini-
cal trials, cervical spine manipulation and mobilization provide 
at least short-term benefi ts for patients with acute neck pain and 
headaches (17).

For this patient, OMT was directed at removing any impinge-
ment upon peripheral or central nervous structures, with cervi-
cal traction and indirect OMT procedures in the acute phase of 
recovery; tenderpoints were treated with strain/counterstrain; 
medications or other adjunct therapies may be needed to modu-
late neurological function depending on the patient’s response to 
OMT. Thoracic manipulation has an analgesic effect in patients 
with mechanical neck pain (30). OMT for somatic dysfunction in 
other body regions, especially the thoracic spine and upper ribs, 
will help relieve the pain and dysfunction of the cervical spine. 

Relieving somatic dysfunction with OMT to the rest of the body 
will decrease the somatic burden, relieve pain, and reduce the 
allopathic load. This will contribute signifi cantly to the restoration 
of normal neurological function.

Metabolic Energy Model

The physiologic and metabolic mechanisms, set into motion due to 
internal or external factors, that are interpreted by the human body 
as pain are very complex and have yet to be completely elucidated. 
What is known is that irritation of the tissues through trauma, 
repetitive/overuse injury patterns, structural abnormalities, infec-
tion, degenerative and systemic disease can lead to the process of 
nociception and eventually a facilitated spinal cord segment. The 
infl ammatory cascade can lead to a relentless positive-feedback 
cycle where infl ammation can increase the pain that then potenti-
ates the infl ammation further (34). As infl ammation and harmful 
metabolites begin to accumulate, structural changes in the affected 
tissue begin to occur and can ultimately lead to ischemia of the 
tissue (34). If the metabolic and physiologic alternations are not 
modifi ed and persist for an extended period of time, long-term 
structural changes occur in the muscles, tendons, or joints and lead 
to limited functionality and eventual disability. The goal of soft 
tissue OMT is in part to relieve muscle spasms and assist the lym-
phatic system in clearing local toxic metabolites.

Some patients present with acute neck pain related to pharyn-
gitis or peritonisillar abscess. Thus, even though there is evidence 
of somatic dysfunction on palpatory exam, the osteopathic physi-
cian should also assess the status of the internal organs capable 
of causing pain in the cervical region. OMT for somatic dysfunc-
tion related to infection or infl ammation is directed at improving 
venous and lymphatic drainage, as in the respiratory-circulatory 
model. Using antibiotics as an adjunctive therapy is warranted 
when a bacterial pathogen is identifi ed or highly likely based on the 
physical exam and course of the signs and symptoms over time.

There are patients with acute neck pain from thyroiditis who 
need further management with radiation, medication and/or sur-
gery. In these patients, OMT was employed in the earlier part of 
the 20th century when no other treatment was available, and may 
be adjunctive in helping to improve lymphatic drainage even today, 
but in America OMT is not the standard treatment for this condi-
tion in the 21st century. Similarly, neck pain from metastatic cancer 
in the lymph glands or cervical structures, or primary carcinomas 
in the cervical region, are not treated directly with OMT. Patients 
may benefi t from OMT to other body regions with the goal of 
reducing somatic dysfunction burden and relaxing the nervous 
system during and after defi nitive diagnosis and treatment with 
biopsy, radiation, chemotherapy and/or surgery.

For this patient, addressing metabolic-energy expenditure 
goals entails applying OMT to relieve muscle spasm and restore 
normal and effi cient spinal motion to decrease the burden of poor 
posture and motion mechanics on energy expenditure. Addition-
ally, ensure proper nutrition using wholesome foods and eliminate 
fast and fried foods, help the patient to restore normal sleep cycles, 
and encourage regular exercise. Remove infectious agents and 
decrease infl ammation if present. Restore normal endocrine func-
tion if needed.

Behavioral Model

The patient typifi es the most common scenario seen in osteo-
pathic primary care practice. Patients with neck pain range in 
age from the fi rst through the tenth decades (35–38). However, 
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most patients with neck pain related to motor vehicle collisions 
are between the ages of 20–40 (15). Although neck pain occurs 
in children and adults of all ages and genders, neck pain is most 
commonly reported by middle-age females, especially those who 
experience WAD (37). In the general population, peak incidence 
of neck pain is between ages 30 and 59 (35,39). Age and gender 
standardized annual incidence is 14.6%; however, only less than 
1% develop disabling neck pain, so most patients continue to work 
(35). The point prevalence of neck pain is 8% to 24%. The life-
time prevalence is 71% (35–37,40). Fifty-four percent of a general 
population surveyed have experienced neck pain within a 6 month 
period (41,42).

Neck pain is a chronic, episodic condition characterized by 
persistent, recurrent, or fl uctuating pain and disability (35). Only 
about one third of patients with neck pain experience complete 
resolution (35). About one half of patients with an acute episode 
have persistent neck pain at 12 months (39). After whiplash injury, 
neck pain along with headache persists for up to 2 years in 29% 
to 90% of patients (depending on the study) and neck pain alone 
can persist at 10 years in 74% of patients (43). Drivers who have 
sustained a whiplash injury have a nearly three-fold risk of neck or 
shoulder pain 7 years after the collision (44). Even 17 years after a 
MVA, 55% still experience neck pain (11).

Neck pain is one of the most common complaints of patients 
seen by primary care practitioners worldwide (45). Mechanical 
neck disorder is the most common cause of neck pain (20). Sec-
ond only to low back pain, neck pain is one of the most common 
reasons for which patients seek manual medical treatment. Neck 
pain is the most frequently reported symptom in connection with 
whiplash injury (43). Neck pain can result from 66% to 82% of rear 
end collisions and 56% of side impact collisions (43). Seventy per-
cent of patients with neck pain after rear-end traffi c collisions are 
female drivers (15). For female drivers involved in collisions, neck 
pain likelihood increases as head restraint height decreases below 
the head’s center of gravity (15). Reported neck pain decreases for 
older female drivers, drivers in less severe crashes, and female driv-
ers in heavier cars (15).

Neck pain accounts for substantial medical consumption, 
absenteeism from work, and disability (46). Medical disability can 
be temporary, but in about 10% of patients, permanent medical 
disability occurs. Permanent medical disability occurs in about 
10% of patients involved in rear-end motor vehicle collisions (43). 
Although 79% may return to work within 1 month, 6% are unable 
to return to work at 1 year (43). A higher severity of pain at onset 
and a history of previous attacks seem to be associated with a worse 
prognosis; however, localization (radiation to the arms/neurologic 
signs) and radiographic fi ndings (degenerative changes in the discs 
and joints) are not associated with a worse prognosis (47). Work-
related risk factors for neck pain are listed in Box 66.2. (Compare 
with non–work-related risk factors in Box 66.3 and risk factors for 
radicular neck pain in Box 66.4.)

Based on data obtained from the Work Loss Data Institute’s 
report on “Disorders of the neck and upper back,” the 2008 edition 
of the National Guidelines Clearinghouse (http://www.ngc.gov/
summary/summary.aspx?doc_id=12675&nbr=006563&string=
neck+AND+pain) recommends up to 4 weeks of manual therapy, 
which includes OMT by osteopathic physicians, for workers with 
job-related acute neck pain not due to damaged tissue injury, that 
is, neck muscle strain, or whiplash as a mechanism of injury, with 
no radicular signs or symptoms (48). Initial management recom-
mendations are for muscle relaxants for spasm for the fi rst couple 
of days up to 1 week, with manual therapy beginning after day 
3 at the earliest. After 2 weeks of manual therapy, the guideline 

recommends switching from passive to active manual modalities. 
In the case of OMT, this would mean using more of the muscle 
energy–type procedures in which the patient is actively involved 
in the treatment. Contraindications and cautions regarding use of 
OMT for patients with acute neck pain are listed in Box 66.5.

Osteopathic primary care physicians are likely to see many 
patients with neck pain caused by somatic dysfunction and amena-
ble to OMT. Neck pain from strain or sprain of the paraspinal soft 
tissues accounts for the greatest number of primary care visits to an 
outpatient clinic or ER of all musculoskeletal non–skin laceration 
soft tissue injuries (68). Neck somatic dysfunction was the most 
commonly reported somatic dysfunction in patients seen by 10 
osteopathic practitioners board certifi ed in neuromusculoskeletal 
medicine and osteopathic manipulative medicine over a 6-month 
period (69). Somatic dysfunction in the upper back, low back, and 

Work-Related Risk Factors for Neck Pain 
Include
• Hand-arm vibration (58)
• High and low skill (59)
• High quantitative job demands (59)
• Low job control (59)
• Low job satisfaction (59)
• Low social (coworker) support (59)
• Neck flexion (>20 degrees) (59)
• Sitting at work >95% of the time (59)
• Sustained arm postures (58)
• Twisting or bending of the trunk (58)
• Use of arm force (58)
•  Workplace design not conducive to efficient cervical motion 

and function (58)

Non–Work-Related Risk Factors for Neck 
Pain Include
• Cycling (39)
• Poor ergonomics with driving (60)
• Female (39,60)
• History of motor vehicle collision (61)
• Older age (39)
• Previous low back pain (39)
• Previous neck injury (39,62)
• Psychological distress (39,55)
• Static postures (children) (63)
• Unemployed (39)
• Very slow or very rapid arm motion speed (64)

Characteristics of Patients with Radicular 
Neck Pain Include
• Dental-facial problems (65)
• Duration of work with a hand above shoulder level (66)
• Female (66)
• Mental stress (66)
• Middle age (66)
• Other musculoskeletal problems (66)
• Overweight (66)
• Smoking (66,67)
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shoulder can also predispose a person to develop cervical somatic 
dysfunction and pain. Thoracic somatic dysfunction is a signifi -
cant predictor of neck-shoulder pain and hand weakness symptoms 
(30,70–72). This further supports the osteopathic approach to the 
patient with acute neck pain, which includes assessment and treat-
ment of not only the cervical spine but also the entire musculoskel-
etal system as an integrated dynamic functional unit.

The human body functions as a unit and typically will respond 
to trauma, injury, or disease as a unit. This includes the psychologi-
cal, behavioral, and social response that a person may have to pain 
and somatic dysfunction. Uncontrolled pain can lead to decreased 
functional capacity, which then increases the psychological burden 
of the patient and can lead to increased anxiety, stress, and depres-
sion. The increased psychological burden can impair the body’s 
ability to heal and can further exacerbate the pain experienced by 
the patient. Therefore, it becomes vital for the osteopathic physi-
cian to evaluate the patient for comorbidities and mitigating factors 
that may impede a healthy recovery for the patient. Certainly, anxi-
ety plays a role in this patient’s neck pain, but she has no history of 
chronic anxiety or other psychiatric condition; her nightmares are 
related to her anxiety and probably disrupting her sleep patterns, 
which, along with the muscle spasms, increases her fatigue. She is 
not an active sports type person and has a sedentary lifestyle, so her 
muscles likely lack good tone. Her posture is normally not effi cient 
and does not lend itself to compensation or adaptation to injuries 
such as she sustained recently.

Better psychological health and greater social support pre-
dicted a better outcome in primary care and general population 
samples with initial neck pain, whereas passive coping predicted 
a worse outcome (73). Economically, manual therapy (i.e., spinal 
mobilization) has been more effective and less costly for treating 
mechanical neck pain than physiotherapy modalities or care by a 
general practitioner who doesn’t use manipulation (74).

For patients with neck pain, the osteopathic approach of 
treating the whole patient and not just the symptoms will help 
maximize the patient’s restorative health potential. Applying the 
behavioral perspective to this patient, treat her anxiety, work with 
her to improve her sleep habits, dietary choices and habits, encour-
age nonsedentary lifestyle, improve posture and exercise habits, and 
encourage her to stop repetitive work behaviors that aggravate her 
condition. In patients who are athletes, help them to modify sports 
or other activities. If there is alcohol, tobacco and/or drug abuse as 
part of the clinical picture, encourage and help the patient to elimi-
nate these addictions and abuses as part of the management plan.

Specialist Referral

The patient would be referred to the physician spine or pain 
management specialist for further evaluation and management if 
her neck pain did not improve or progressively worsened in spite 
of appropriate conservative treatments. If there is progressive or 
persistent loss of motor or sensory function, or altered sensorium 
or brain function, certainly neurological and surgical referrals are 
indicated. However, it is less clear if there is only limb parasthe-
sias or radicular pain, which may be indicative of cervical nerve 
root compression. Nevertheless, it is helpful to utilize screening 
protocols, such as the Canadian C-spine rules, for patients with 
a low risk of cervical spine fracture and CT imaging for high risk 
patients with blunt trauma to the neck (75). In conjunction with 
the history and physical examination, electromyography (EMG) is 
relatively sensitive and specifi c for diagnosing cervical nerve root 
compression. Often, a neurologist or physiatrist is called upon to 
utilize the EMG to distinguish neck pain that is radicular versus 
nonradicular in nature. This distinction, along with an assessment 
for somatic dysfunction and relevant imaging studies, aids in more 
clearly identifying the cause of a patient’s neck pain and instituting 
the appropriate treatment.

In general, it appears that the physical examination is more pre-
dictive of “ruling out” than “ruling in” a structural lesion, especially 
when assessing for neurological compression or signifi cant pathol-
ogy, such as cervical spine instability (75). Although MRI imag-
ing is helpful in identifying cervical degenerative changes, these 
changes are common in asymptomatic subjects and research has 
failed to demonstrate a correlation between degenerative changes 
and neck pain symptoms. Similarly, there is no strong evidence 
supporting the validity of cervical discography or facet joint injec-
tions in diagnosing disc or facet pain, respectively, as the primary 
cause of neck pain (75). Evidence supports the use of provocative 
maneuvers, such as Spurling’s test or contralateral rotation of the 
head with arm extension, when evaluating for cervical radiculopa-
thy (76,77). Other physical examination components that should 
be incorporated include motor strength and sensory testing and 
cervical spine range-of-motion evaluation. There is some evidence 
suggesting that patients with chronic neck pain secondary to WAD 
have decreased cervical spine range of motion when compared to 
control subjects (78).

After completing the clinical and diagnostic evaluation and 
excluding signifi cant pathology, including cervical spine instability 
or an infectious, neoplastic, or infl ammatory process, the physician 
spine or pain management specialist utilizes a variety of modalities 
to treat neck pain, including medication, physical therapy, interven-
tional procedures, manual medicine, and referral for surgical con-
sultation. If a patient’s neck pain is nonradicular and mechanical in 
nature, a multitherapeutic approach that incorporates medication, 
exercise therapy, and manual medicine is a reasonable approach. 
There is some evidence supporting exercise therapy, either alone 
or in combination with spinal manipulation, as being positively 
associated with short-term (6 to 13 weeks) reduction in chronic or 
recurrent neck pain when compared to spinal manipulation alone 
or usual care (17). Using one’s skills as an osteopathic physician is 
sensible since the evidence supports the use of manual medicine in 
the treatment of neck pain. Cervical spine manipulation is more 
effective in reducing neck pain than muscle relaxants or usual care 
and at least provides short-term benefi ts for patients with acute 
neck pain. Furthermore, it appears that the benefi ts of manual 
medicine are enhanced when combined with exercise therapy and 
ergonomic adjustments (2). There is no evidence supporting the 
use of epidural or intra-articular corticosteroid injections in the 

Contraindications and Cautions Regarding 
OMT for Somatic Dysfunction in Patients 
with Acute Neck Pain
Care must be taken in the patient with an unstable cervical 
spine. Contraindications to HVLA OMT to the cervical spine 
include the following:
•  A history of acute trauma before an assessment for any dam-

age to the anatomy of the region and diagnosis of the origin 
of the pain

• Acute cervical herniated nucleus pulposus
• Acute cervical vertebra fracture or dislocation
• Carotid or vertebral artery dissection
• Ligamentous laxity
• Metabolic or neoplastic bone disease
• Patient refusal
• Primary muscle or joint disease in the cervical spine
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treatment of nonradicular neck pain (79). In contrast, patients with 
neck pain secondary to nerve root compression do have short-term 
improvement of cervical radicular symptoms with epidural or selec-
tive nerve root corticosteroid injections (79). This, however, has 
not been shown to decrease the overall rate of surgery in patients 
with signifi cant cervical radiculopathy (79). The long-term out-
comes of treating cervical radiculopathy surgically when compared 
to nonoperative treatment have not been studied. Regardless, both 
anterior cervical discectomy with fusion and cervical disc arthro-
plasty seem to offer rapid and substantial relief of pain and impair-
ment in patients with true cervical radiculopathy (79). As with the 
clinical evaluation, it is imperative to make the distinction between 
radicular and nonradicular neck pain when implementing treat-
ment. In doing so, the physician specialist improves the likelihood 
of successfully treating a patient’s neck pain, whether that entails 
treating radicular pain with injections or mechanical pain with a 
multimodal approach, including of medication, exercise and physi-
cal therapy, and manual medicine.

SUMMARY

In summary, the osteopathic approach to the patient with acute 
neck pain begins with a thorough history and physical examination, 
including an osteopathic structural examination of the musculosk-
eletal system. The differential diagnosis considers potential etiolo-
gies from local pathology, somatic dysfunction in the cervical as 
well as other body regions, systemic pathophysiology with cervical 
manifestations, and referred pain from organs in the vicinity of the 
cervical region, that is, lungs and heart. Associated comorbidities 
are also assessed and treated as appropriate. One of the most com-
mon causes of neck pain is a history of whiplash-type injury. How-
ever, though this type of injury affects the cervical spine, its effects 
are not limited to the cervical region. Understanding the total body 
response to a traumatic event such as a motor vehicle collision helps 
to elucidate the application of osteopathic principles in practice. 
Osteopathic treatment utilizes a health-oriented, patient-centered 
approach, focusing on improving structure-function interrelation-
ships. This entails applying OMT to alleviate somatic dysfunction 
and maximize biomechanical, neurological, metabolic, respiratory/
circulatory, and behavioral functions. Patient education, individu-
alized exercise prescription, and close follow-up are important 
components of the management plan. Referral to a spine or pain 
specialist is indicated if the patient’s pain and/or dysfunction does 
not improve or progressively worsens with conservative measures.
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Rhinosinusitis
MICHAEL B. SHAW AND HARRIET H. SHAW67

K E Y  C O N C E P T S
■ Inflammation of the nasal and paranasal mucosa may be caused by bacterial or viral infection; fungal or allergic 

conditions. The most common bacterial pathogens involved in acute sinusitis in adults are Streptococcus 
pneumoniae, Haemophilus Influenzae, and Moraxella catarrhalis.

■ Obstruction of the sinus drainage pathways and decreased mucociliary transport lead to stagnation of mucus in 
the sinuses, predisposing to sinusitis. Swelling and inflammation are common causes of obstruction.

■ Osteopathic manipulative treatment, as a means to improve venous and lymphatic circulation, can play a major 
role in the treatment of sinusitis. Improving venous and lymphatic circulation from the head and neck to decrease 
the congestion and inflammation of the nasal mucosa would be expected to facilitate the sinus drainage pathways.

■ Unopposed sympathetic stimulation leads to vasoconstriction and drying of the nasal mucosa. Sympathetic 
preganglionic fibers to the sinuses arise from T1-4 cord level, synapsing in the superior cervical ganglion (C2-3). 
Facilitation due to somatic dysfunction in the upper thoracic and cervical spine may, thereby, affect the health of 
the mucosa.

■ Some over-the-counter antihistamines, often used for upper respiratory infections, can dry mucus and decrease 
ciliary effectiveness. Patients should be cautioned about their role in the development of acute sinusitis.

■ Start nonantibiotic therapy initially for patients with low probability of bacterial infection.
■ Consider antibiotic therapy in patients with high probability of bacterial sinusitis, severe symptoms, or when 

nonantibiotic therapy fails.

Family History
Both parents are living. Father has hypertension. Mother is 
healthy. One female and one male sibling are both healthy. 
No family history of diabetes, asthma, stroke, or heart disease 
(other than father’s hypertension).

REVIEW OF SYSTEMS
Eyes:
No visual disturbance noted, but in the spring has watery, itchy 
eyes.

ENT:
As noted in chief complaint.

Cardiovascular:
Denies chest pain, syncope, shortness of breath, and extremity 
edema.

Respiratory:
Has occasional morning cough, gets “colds” several times a 
year, denies difficulty breathing.

Gastrointestinal:
Denies nausea, vomiting, food intolerance, diarrhea, constipa-
tion, or changes in bowel habits.

Genitourinary:
P1G1, denies hematuria, frequency, urgency, pelvic pain.

Musculoskeletal:
Complains of frequent neck and upper back stiffness and aching, 
denies weakness, muscle cramping, or other areas of back pain.

CASE VIGNETTE

CHIEF COMPLAINT
JP is a 42-year-old female accountant who presents to the fam-
ily practice clinic complaining of headache, fever, and scratchy 
throat.

History of Present Illness
The last 4 days she has had a full feeling in her face, pressure 
behind her eyes, nasal congestion, sensitivity of her nose, pain 
in her upper teeth, and fatigue. At times, she is sensitive to light 
and sounds and has decreased sense of smell. A week earlier, she 
had a “cold” for which she took an over-the-counter “cold and 
sinus” preparation. She has a history of similar symptoms 2 to 3 
years ago, treated with antibiotics with a prolonged recovery.

Current Medications
Over-the-counter cold and sinus preparation, but no other 
medications

Allergy
None known to medication, inhalants, or foods

Past Medical History
Patient was hospitalized for uncomplicated vaginal delivery at 
age 29. She had a tonsillectomy at age 5, for which she was not 
hospitalized. She has had no other surgery. Her most recent 
mammogram was 18 months ago and reported normal.

Environmental and Social History
She smokes ½ pack cigarettes per day and has an occasional 
glass of wine. She is married with one child. Two dogs also live 
in the house. She works part-time as dental hygienist.
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Neurological:
Denies vertigo, unsteadiness, numbness, or tingling or radiat-
ing pain.

Psychiatric:
Denies signs of depression, reports normal sleep, denies hal-
lucinations or alterations in consciousness.

Endocrine:
Denies intolerance to heat and cold, rashes or changes in skin 
and hair.

Hematologic/Lymphatic:
Denies swelling and abnormal bruising.

VITAL SIGNS
Temperature: 101.6°F; pulse: 90; respirations: 14/min; BP: 134/
80; height: 5'6" weight: 140 lb

PHYSICAL EXAM
General:
Patient appears stated age and in no acute distress, but 
fatigued.

Skin:
Skin color is normal.

Eyes:
Conjunctiva appears clear. Pupils are equal and reactive to light 
and fundoscopic evaluation is normal.

ENT:
Examination reveals erythema and generalized congestion of 
the nasal mucosa. Pustular drainage is noted and there is a 
mild to moderate septal deviation caudally to the left. Posterior 
pharynx is inflamed with pustular drainage evident. Tympanic 
membranes are dull with questionable cone of light, but have 
adequate response to insufflation. Thyroid is not enlarged.

Musculoskeletal/Structural:
Tenderness is palpated in the upper cervical area, upper tho-
racic area, and in the right supraclavicular area. Motion changes 
are noted at T2, upper right ribs and C2, consistent with T2 
FSRL, rib 1 inhalation somatic dysfunction, and C2 FSRR. 
Tenderness associated with slight nodularity is palpated ante-
riorly in the first intercostal space on the right and posteriorly 
between the spinous and the transverse process of C2 on the 
right. The suboccipital tissues are hypertonic and tender. There 
is decreased amplitude of the cranial rhythmic impulse, but the 
rate is normal. Tenderness is noted over the bridge of the nose 
and over the maxillae and zygomae. Percussion over the maxilla 
intensifies the tenderness.

Hematological:
There is no lymphadenopathy is palpated in the cervical or 
supraclavicular areas.

Respiratory:
Lungs are clear to auscultation.

Cardiovascular:
Heart has regular rhythm with rate of 90 bpm. There are no 
murmurs and no extremity edema is noted. Nail beds and digits 
appear normal.

Abdomen:
Bowel sounds are ausculted in all four quadrants. Abdomen is 
soft and nontender. No organomegaly is noted.

Neurological:
Patient is oriented in time and place and responds appropriately 
to questions. Cranial nerves II to XII are intact. Deep tendon 
reflexes of upper and lower extremities are equal and moderate 
bilaterally. Sensation is intact.

ANATOMICAL CONSIDERATIONS

Nose and Paranasal Sinuses Airfl ow

The nose, being an organ of respiration and olfaction, functions to 
fi lter, humidify, and regulate the temperature of inspired air. The 
superior, middle, and inferior turbinates or conchae are elevations 
on the lateral nasal walls. Heavily endowed with blood vessels, they 
help in the temperature control of the inspired air. The nose also 
serves as a fi lter for particulate matter in the air. Much of the smoke, 
dust, pollens, bacteria, and viruses are trapped and removed before 
the air enters the lungs. The nasal septum and the turbinates create 
an air fl ow pattern in the nose that maximizes the air-conditioning 
function of the nose and paranasal sinuses. The paranasal sinuses 
in the maxillary, frontal, sphenoid, and ethmoid bones are air-fi lled 
cells and extensions of the nasal cavities. They serve similar func-
tions to that of the nose. Regardless of the temperature of outside 
air, the temperature of inspired air is changed to approximate body 
temperature during its passage through the nose and sinuses. Simi-
lar changes are made in moisture content of inspired air so that it 
reaches the trachea at almost ambient humidity.

MUCOCILIARY TRANSPORT IN THE 
UPPER RESPIRATORY SYSTEM

The nasal cavity and paranasal sinuses are covered by pseudostrati-
fi ed, columnar, ciliated epithelium, as is the rest of the respiratory 
system, including the middle ear and auditory tube. Goblet cells 
and submucosal glands contribute a mucus blanket that covers and 
protects the epithelium. This mucus fi lm has two layers. The cilia 
beat within the inner, serous (sol phase) layer. The outer, more vis-
cous (gel phase) layer is moved by the synchronized ciliary action. 
(Fig. 67.1). The process is called mucociliary transport (or muco-
ciliary clearance).

Secretions from the paranasal sinuses pass into the nasal cavity 
through the various ostia or openings in the sinuses. There are two 
basic drainage patterns for the sinuses. The anterior ethmoid, fron-
tal and maxillary sinuses are part of the anterior pattern draining to 
the ostiomeatal unit under the middle turbinate. The posterior eth-
moid and sphenoid sinuses are in the posterior pattern draining to 
the sphenoethmoid recess (Fig. 67.2). To appreciate the importance 
of effi cient mucociliary transport, note that the ostiomeatal unit is 
located superior to much of the maxillary sinus, making it necessary 
to actively move the mucous blanket “uphill” for effective drainage. 
This nondependent drainage situation exists with the sphenoid and 
in some instances with the ethmoid sinuses, as well. The outer layer 
of mucous traps particulate matter, moving it through the sinus ostia 
into the nasal cavity, where mucus is transported into the nasophar-
ynx and swallowed. Mucociliary transport actively collects and con-
centrates particulate matter, moving it out of the sinuses. Pathogens 
may be incorporated into the cells of the mucosa or destroyed by 
lysozymes and secretory immunoglobulin A within the mucus.
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2005; Sarin et al., 2006). Proper balance of the sympathetic and 
parasympathetic systems, and appropriate response of the sensory 
nerves are necessary for optimal function. It follows that disease 
of the nose and paranasal sinuses results when these factors are 
dysfunctional and poorly balanced. The nervous system of the nose 
also interfaces with the immune system especially in the face of 
infl ammation (Lacroix, 2003).

Parasympathetic supply to the nose originates from the supe-
rior salivary nucleus. Its preganglionic fi bers form part of the 
superfi cial greater petrosal nerve, which joins the deep petrosal 
nerve, forming the nerve of the ptergyoid canal (vidian nerve). 
After passing through the ptergyoid canal, the fi bers synapse in 
the sphenopalatine ganglion (Fig. 67.3). The sphenopalatine gan-
glion is suspended in the pterygopalatine fossa, bordered by the 
pterygoid process, maxilla, palatine bone, and fl oor of the sphenoid. 
The parasympathetic postganglionic nerves modulate their effect 
by integrating inhibitory and stimulatory channels. Postganglionic 
fi bers are distributed to the nasal mucosa from the sphenopalatine 
ganglion along with the sensory and sympathetic fi bers.

The action of the parasympathetic nervous system on the 
upper respiratory mucosa is stimulation of the glandular epithe-
lium with production of mucous, rich in glycoproteins, lactoferrin, 
lysozmes, secretory leukoprotease inhibitor, neural endopeptidase, 
and secretory IgA. There is a parasympathetic effect of vasodila-
tion, although of much less signifi cance than the glandular effect 
(Sarin et al., 2006) Several neuropeptides, including vasoactive 
intestinal peptide, neuropeptide Y, nitric oxide (NO), enkephalin 
and somatostatin, are associated with the nasal parasympathetic 
system (Lacroix, 2003). Nitric oxide is thought to be an activa-
tor of ciliary beat frequency, but its role is variable and still poorly 
understood (Landis, 2003).

Sympathetic fi bers to the head arise from the upper thoracic 
segments of the cord (T1-3). Preganglionic fi bers ascend from 
there to the superior cervical ganglion, located in the upper cervical 
area, where they synapse. Postganglionic fi bers from the superior 
cervical ganglion join the internal carotid plexus, becoming part of 
the deep petrosal nerve and the nerve of the ptergyoid canal (see 
Fig. 67.3). Sympathetic supply to the nose and paranasal sinuses 
passes (without synapsing) through the sphenopalatine ganglion in 
the pterygopalatine fossa. They continue with the parasympathetic 
fi bers to the nose and sinuses.

The sympathetic nervous system acts in the nose to produce 
vasoconstriction and increased nasal airway patency. Norepineph-
rine is the primary neurotransmitter of the sympathetic system in 
the nose. Interaction and balance between these systems is com-
plex, intricate, and only partially understood. It is quite clear, how-
ever, that the ANS plays a major role in regulating nasal airfl ow, 
and at least some role in mucociliary transport mechanisms (Sarin 
et al., 2006).

Afferent nerves, supplying the nose and derived from the 
olfactory nerve and ophthalmic and maxillary branches of cranial 
nerve V, provide protective refl exes. For example, exposing the 
nasal mucosa to mechanical irritation, allergens, or cold air elic-
its a response of sneezing, coughing, apnea, or avoidance behavior. 
This occurs through an axonal refl ex. These afferent nerves also 
recruit systemic autonomic refl exes and mediate vascular, glan-
dular, and infl ammatory defenses. Stimulation of these afferent 
nerves also leads to the release of neuropeptides such as calcitonin 
gene–related peptide, gastrin-releasing peptide, substance P, and 
neurokinin A. Increase in these sensory neuropeptides along with 
reduction of their catabolism leads to the process of neurogenic 
infl ammation (Lacroix, 2003). Symptoms resulting from nasal neu-
rogenic infl ammation are those common to rhinosinusitis—nasal 

The viscosity of the mucus plays a role in the effi ciency of the 
process. The architecture of the nose and the sinus ostia infl uence 
these mucus fl ow patterns. The way cilia are controlled and coordi-
nated to power this process is only partly understood. Ciliary beat 
frequency may be infl uenced by primitive neurologic control, may 
be genetically determined, or may be an interactive phenomenon 
depending on the physical nature of the particulates. It is known 
that healthy functioning of this upper respiratory system depends on 
unimpaired nasal airfl ow and optimal mucociliary transport. Factors 
that disturb these body mechanisms lead to disease processes.

NERVOUS SYSTEM RELEVANT TO NOSE AND 
PARANASAL SINUSES

The autonomic nervous system (ANS) plays a crucial role in the 
physiologic function of the nose and paranasal sinuses (Loehrl, 
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Figure 67-1 Ciliated respiratory epithelium.
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Figure 67-2 Sinus drainage patterns.
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their respective side of the body (Fig. 67.4). Signifi cant individual 
variability exists in these drainage sites.

Cervical lymph nodes are generally divided into the following 
groups—submandibular, submental, superfi cial cervical, deep cer-
vical, and paratracheal. The submandibular and submental nodes 
are intimately connected with the superfi cial fascia covering the 
digastric and mylohyoid muscles. The superfi cial cervical nodes lie 
along the external jugular vein and on the external surface of the 
sternocleidomastoid muscle. The paratracheal nodes are irregularly 
located, and, as do all the aforementioned groups of nodes, drain 
into the deep cervical lymph nodes. These prominent, deep nodes 
form a chain embedded in the connective tissue of the carotid 
sheath around the internal jugular vein (Fig. 67.5).

obstruction, rhinorrhea, and headache. Interestingly, similar 
symptoms accompany migraine and may also implicate neuropep-
tides in the causal relationship (Bellamy et al., 2006).

LYMPHATIC SYSTEM RELEVANT TO THE 
HEAD AND NECK

The lymphatic system of the neck consists of numerous lymph 
nodes connected by lymphatic channels, eventually ending in the 
thoracic and right lymphatic ducts. The thoracic duct receives 
drainage from the left side of the head and neck, while the right 
lymphatic duct drains the right side. Each empties independently 
into the junction of the internal jugular and subclavian veins on 
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Figure 67-3 Autonomic nerve supply to upper 
respiratory tract.
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Figure 67-4 Skeletal structures in relationship to thoracic duct 
termination.
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Figure 67-5 Superfi cial cervical lymph nodes. (From Moore, KL. 
Clinically Oriented Anatomy. 2nd Ed. Baltimore, MD: Williams & 
Wilkins, 1985; with permission.)
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also present with head and face pain and need to be considered as 
differential diagnoses. Many patients use the term “sinus headache” 
without specifi c diagnosis of sinus disease. It is the physician’s 
responsibility, using clinical diagnostic skills, to differentiate the 
various causes of the patient’s headache (Levine, 2006).

Infl ammatory conditions in the nose and paranasal sinuses 
include allergic rhinitis and nonallergic rhinitis (vasomotor rhini-
tis). Both are characterized by nasal obstruction, increased secre-
tions, and decreased olfaction. These infl ammatory conditions 
exhibit hyper-reactive nasal mucosa, with exaggerated neural 
response to all stimuli. ANS dysfunction (hypoactive sympathetic 
relative to parasympathetic tone) has been demonstrated in nonal-
lergic/vasomotor rhinitis ( Jaradeh et al., 2000). In allergic rhini-
tis, IgE-sensitized mast cells release allergic mediators, including 
histamine and leukotrienes, leading to a type I hypersensitivity 
reaction. Patients with chronic rhinosinusitis have been shown to 
exhibit exaggerated humoral and cellular response to common air-
borne fungi, particularly Alternaria. (Shin) Lymphocytes, plasma 
cells, and eosinophils are present in the infl ammatory infi ltrate, 
similar to that of asthma.

Although still only a hypothesis that allergic disease predis-
poses to rhinosinusitis, it is prudent to address allergy as a con-
tributing factor (Fokkens et al., 2005; Karlsson and Holmberg, 
1994). Allergic signs and symptoms, such as sneezing, itchy, watery 
eyes, clear rhinorrhea, and nasal itching, should be noted, and their 
treatment considered as part of integrated patient care.

When evaluating a patient with rhinosinusitis, attention needs 
to be paid to the factors that decrease airway patency and limit air 
fl ow, and those that decrease the effectiveness of mucociliary trans-
port. Treatment can then be directed toward the specifi c factors 
infl uencing each patient’s problem.

FACTORS INFLUENCING AIRWAY PATENCY

Anatomic structures can compromise airway patency. Typically 
seen are deviated nasal septum, turbinate hypertrophy, and col-
lapsed nasal valve. Various types of neural dysfunction are associ-
ated with upper airway disorders. Recent evidence suggests that 
hypoactive sympathetic infl uence leads to increased nasal airway 
resistance (Loehrl, 2007). Vasodilatation, due to increased activ-
ity of sensory neuropeptides, occurs in patients with hyperactive 
nasal mucosa characteristic of allergic and nonallergic rhinitis, as 
well as chronic rhinosinusitis (Lacroix, 2003). Nasal polyps, found 
either in the nose or paranasal sinuses, obstruct normal air fl ow. 
Infectious processes, especially viral upper respiratory infection, 
causes swelling and decreased airway patency. Overuse of topical 
nasal decongestants leads to rhinitis medicamentosa, described as a 
rebound phenomenon of nasal congestion, and loss of responsive-
ness to topical decongestants (Lin et al., 2004). Lymphatic conges-
tion due to a variety of causes may add to swelling of the mucosa 
and poor nasal air fl ow.

FACTORS INFLUENCING MUCOCILIARY 
TRANSPORT

Ciliary beat frequency and the viscosity of mucus are main determi-
nants in the quality of mucociliary clearance. Intrinsic ciliary defects 
occur with some diseases (primary ciliary dyskinesia), but are rare. 
Some antihistamines, poor hydration and, as some believe, dairy 
products thicken mucus. Mucociliary transport has been shown 
to be signifi cantly reduced in cigarette smokers, probably due to 
decreased number of cilia or changes in the mucus (Cole et al., 
1986; Mahakit and Pumhirun, 1995). Infl ammatory conditions 

The intimate association of the lymphatic channels to the 
myofascial structures in the neck makes lymphatic fl ow particu-
larly susceptible to changes in myofascial tone. Hypertonia in the 
cervical myofascial tissues can impede lymphatic fl ow. Muscle 
movement improves lymphatic circulation. Autonomic infl uence 
on lymphatic contractility suggests a role for osteopathic manipu-
lative techniques to improve lymphatic circulation not only for its 
impact on muscle tone but also on autonomic tone (Degenhardt 
and Kuchera, 1996).

RHINOSINUSITIS

Acute rhinosinusitis is an infl ammatory process involving the 
mucus membranes of the paranasal sinuses and nasal cavity lasting 
no longer than four weeks. Since rhinitis and sinusitis usually coex-
ist, “rhinosinusitis” is the current preferred terminology (Fokkens 
et al., 2005). Chronic rhinosinusitis is diagnosed when the symp-
toms of sinusitis are present for 12 weeks or more. It differs in his-
topathology, prognosis, and management from acute rhinosinusitis. 
Rhinosinusitis lasting between four and twelve weeks is termed 
subacute. Some patients develop recurrent acute sinusitis with four 
or more acute episodes annually, interspersed with symptom-free 
intervals.

DIAGNOSIS

Patients who have had a recent upper respiratory infection and 
develop nasal obstruction, periorbital pain, and purulent rhinor-
rhea are suspect for acute rhinosinusitis. Other symptoms often 
present include olfactory disturbance, fever, maxillary toothache, 
fatigue, cough, and facial pressure made worse by bending over. 
The headache (or face pain) is usually described as pressure-like 
and dull. Engorgement of the nasal mucosa, which occurs during 
sleeping, causes sinus-related pain to be worse in the morning, 
improving after the patient is upright for a time.

Examination of the nose may reveal a deviated septum, infl amed 
nasal mucosa, and pus in the nasal cavity. Nasal polyps may be pres-
ent especially if infl ammation has been chronically present. The 
posterior oropharynx may demonstrate signs of postnasal drainage 
such as a lateral red streak, obvious drainage, or the cobblestone 
appearance of lymphoid hyperplasia. Although transillumination 
of the sinuses is a valuable diagnostic tool for some practitioners, it 
has been found to be unreliable for defi nitive diagnosis (Otten and 
Grote, 1989). Facial tenderness may be elicited with palpation.

Acute rhinosinusitis does not warrant radiographic diagnosis. 
Plain fi lm radiographs, ultrasonography, computerized tomogra-
phy (CT), and magnetic resonant imaging of the sinuses should 
be avoided in the diagnosis of acute rhinosinusitis and reserved for 
patients at risk for complications. Radiographs and CTs have high 
false-positive rates for acute rhinosinusitis, and radiography is not 
cost-effective compared to the use of clinical criteria with indicated 
treatment regimens (Fokkens et al., 2005).

Serious complications of acute bacterial sinusitis are rare, but 
patients who also present with ophthalmic or neurologic signs 
and symptoms need to be worked up in more depth and referred 
appropriately. Local extension of infection includes orbital or peri-
orbital cellulitis and osteitis. Infectious spread beyond the parana-
sal sinuses may occur in the forms of meningitis, brain abscess, and 
infection of the venous sinuses. CT is appropriate if any of these 
complications are suspected.

Differentiating viral from bacterial rhinosinusitis is diffi cult 
except by way of sinus puncture, which is reserved for research use. 
Trigeminal neuralgia, migraine, dental abscess, and neoplasm may 
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Patient education regarding the incidence of antibiotic-resistant 
infections is important, whether or not prescribing antibiotic 
therapy. Patient information is available online at www.cdc.gov/
drugresistance/community.

Since many cases of acute rhinosinusitis are due to viral infec-
tions and do not require antibiotics, treatment that is symptomatic 
and encourages inherent healing mechanisms should be consid-
ered. Of the nonpharmacologic therapies, none have been thor-
oughly studied and their effectiveness is unknown. Considering the 
underlying pathophysiologic process can direct decision making 
about recommending these therapies.

Promoting mucociliary clearance is essential to the overall treat-
ment of rhinosinusitis and prevention of complications. Patients 
may be instructed to drink warm, clear fl uids in order to hydrate 
the mucous membranes, and refrain from drinking milk. Saline 
nasal irrigation may relieve symptoms and is a low-cost option. 
Decreasing nasal infl ammation improves airway patency. Identi-
fi cation of allergic symptoms in the patient history suggests the 
need to address allergy treatment of some kind. Perennial allergy 
symptoms may warrant allergy testing and immunotherapy. Avoid-
ance of allergens or irritants can be diffi cult, but patient education 
is essential and often needs to be ongoing. Smoking cessation and 
avoidance of second-hand smoke and other chemical irritants are 

of the nose, sinuses, and airways (allergic and nonallergic rhinitis, 
rhinosinusitis, and brochiectasis) are also associated with decreased 
mucociliary clearance (Schuhl, 1995; Stanley et al., 1985). Cystic 
fi brosis, a hereditary disease that produces thick, abundant respi-
ratory secretions, is accompanied by signifi cant slowing of nasal 
mucociliary transport (Armengot et al., 1997). Slowed transport 
has been noted with chronic infection and in diabetics.

INTEGRATED TREATMENT APPROACH

Figure 67.6 presents a treatment algorithm for rhinosinusitis. 
Most patients with acute bacterial rhinosinusitis improve without 
antibiotics. For patients having symptoms more than seven days 
and those with more severe symptoms, consider antibiotic therapy 
with a narrow spectrum agent (Fokkens et al., 2005; Hickner et al., 
2001). For those patients who require antibiotics for rhinosinusitis, 
amoxicillin or trimethoprim/sulfamethoxazole are considered fi rst-
line antibiotics for the common pathogens—Streptococcus pneumo-
niae and Haemophilus infl uenzae. Alternatives such as doxycycline 
and azithromycin should only be used for patients allergic to both 
fi rst-line drugs. Initial course of antibiotic treatment should be 
10 to 14 days (except if using azithromycin). In the case of par-
tial resolution, extend antibiotic therapy to a total of three weeks. 

Figure 67-6 Sinusitis algorithm.

Sneezing
Watery rhinorrhea
Nasal itching
Itchy, watery eyes

Accompanying 
symptoms:

Antihistamines (oral/
topical)
Allergen avoidance
Topical steroids

Occurence 1-6
weeks/year

Antihistamines
Allergen avoidance
Topical steroids
Specific immunotherapy

Occurence several
months/year

Resolved

Resolved Persistent symptoms

Unresolved or
increased symptoms

Refer to
otolaryngologist

Suspect allergic
rhinitis

Analgesics
Decongestants 
(oral/topical)
OMT
Nasal irrigation

Symptoms lasting 
<5 days:

Analgesics
Decongestants
Topical steroids
OMT
Nasal irrigation
Antibiotics
Follow up 2-4 weeks

Symptoms lasting >5 
days and moderate to
severe in nature:

Swelling/redness eyelids
Displaced globe
Ophtamoplegia
Acute reduction in
visual acuity
Severe frontal headache
Frontal swelling
Meningeal signs
Focal neurological signs

Sinister signs:
(immediate referral)

Nasal congestion/blockage
Nasal discharge (anterior or posterior)
Facial pain/pressure

Presenting symptoms:
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by the palatine, sphenoid, and maxillary bones, puts it at risk for 
mechanical compromise if there is history of facial trauma. Many 
patients with nasal and sinus congestion have tenderness over the 
area of the ethmoid notch of the frontal bone, and respond to 
release of compression in that area (Cairro, 2003). Attention to 
the possibility of dysfunction in the cranial base and facial bones 
should be part of the evaluation of any patient with rhinosinusitis. 
Manipulative treatment specifi c to any identifi ed cranial dysfunc-
tion is part of addressing the biomechanical issues of both acute 
and chronic rhinosinusitis. There are also mechanical consider-
ations in the obstruction of venous and lymphatic fl ow from the 
head and neck.

RESPIRATORY/CIRCULATORY MODEL

Lymphatic and venous circulations are vital to reducing swelling in 
any part of the body and the tissues of the upper respiratory system 
are no exception. Removing metabolic waste products and infl am-
matory mediators that have accumulated in the tissues is another 
function of the lymphatic system. It has already been noted that the 
neuropeptides released from the sensory nerves, when stimulated, 
in the nasal and paranasal mucosa explain some of the symptoms of 
rhinosinusitis. OMT focused on removing impediments to venous 
and lymphatic circulation and stimulating fl ow when appropriate 
would aid in decreasing swelling and infl ammation in the nasal 
region. Impediment to fl ow often presents in the form of myo-
fascial tightness or constriction. Of particular interest is the ana-
tomical area through which the lymph vessels, the thoracic duct, 
and right lymphatic duct must course to join the venous system. 
Working within the respiratory/circulatory model would include 
releasing myofascial tensions in the neck and upper thorax, particu-
larly in the areas of the trapezius and sternocleidomastoid muscles, 
clavicle, and fi rst rib. Superfi cial lymphatic drainage techniques 
such as effl eurage to the face are directed at lymphatic fl ow as it 
leaves the nose and enters the lymphatics of the skin (Chikly, 2005; 
Moser, 1953; Schmidt, 1982).

Inhalation/exhalation motion of the ribs and diaphragm excur-
sion also create a pump-like action for venous and lymphatic circu-
lation with alternating negative and positive pressure in the thoracic 
cavity. Treating somatic dysfunction of the ribs, diaphragm, and 
their attachments helps promote good venous and lymphatic circu-
lation via this mechanism (Stiles, 1977). There are also lymphatic 
pump and effl eurage techniques intended to increase lymphatic cir-
culation once the impediments to fl ow are removed. These include 
Galbraith technique for mandibular drainage, thoracic pump, and 
pedal pump (Chikly, 2005; Galbreath, 1925).

Arterial vasomotor tone is controlled by the sympathetic ner-
vous system and is infl uenced somatically by dysfunction in the 
upper neck, where the superior cervical ganglion is located, and 
in the T1-3 area, the level of origin for sympathetic nerves sup-
plying the head and neck. Lymphatic contractility in the head and 
neck is also mediated by these sympathetic nerves (Degenhardt 
and Kuchera, 1996).

NEUROLOGICAL MODEL

In light of current scientifi c information regarding the autonomic 
and sensory nervous system’s infl uence on nasal mucosa, the neu-
rologic model may be one of the most powerful ways to think 
about treating rhinosinusitis. Osteopathic manipulation’s impact 
on somatovisceral and viscerosomatic refl exes offers a mechanism 
to improve autonomic balance to the upper respiratory mucosa. If, 
for instance, somatic dysfunction in the upper thoracic or upper 

important for reducing infl ammation and improving health of the 
mucus membranes. Osteopathic manipulative treatment (OMT) 
offers a nonpharmacologic approach to rhinosinusitis.

Many nonantibiotic pharmacologic agents are available and 
often used in the treatment of rhinosinusitis. Current knowledge 
indicating the role of sympathetic hypoactivity in nasal vasodilata-
tion would suggest the use of sympathomimetics (phenylephrine) 
and alpha-receptor agonists (oxymetaazoline, naphazoline) as 
decongestants. Decongesting the nasal mucosa improves air fl ow 
and allows for better mucociliary transport and clearing of con-
taminants from the sinuses.

Nasal steroids, although more often used in chronic rhinosi-
nusitis and in patients with polyps, are intended to decrease the 
infl ammatory response thereby improving airway patency and 
mucociliary transport. They may be more effective if used after a 
nasal decongestant, so as to reach more of the nasal mucosal sur-
face. Antihistamines make sense in the face of seasonal allergic 
rhinitis. Since many patients have already used over-the-counter 
antihistamines to treat the symptoms of an upper respiratory infec-
tion, overdrying of the mucosa and thickening of the mucus may 
have occurred. Most of the nonsedating antihistamines are not as 
apt to cause mucosal drying, but caution needs to be taken to assess 
whether antihistamines present a deterrent to good mucociliary 
transport. Guaifenesin has been associated with improvement of 
the symptoms of nasal congestion and thickened nasal secretions. 
Studies so far have been unable to demonstrate changes in muco-
ciliary transport or ciliary beat frequency, so its mode of action is 
unclear (Sisson et al., 1995). Cysteinyl leukotriene blockers, such 
as montelukast and cromolyn, have been indicated in treatment of 
asthma and allergic rhinitis to decrease the infl ammatory response. 
These agents are not recommended as fi rst-line agents and are not 
effi cacious when used alone. Patient follow-up in two weeks to 
assess the success of the treatment regimen is appropriate.

Consultation and referral to an otolaryngologist should be 
considered for patients who do not respond to treatment of acute 
rhinosinusitis, who have multiple recurrences, or who have polyps 
or other nasal structural problems contributing to chronic rhinosi-
nusitis. Patients with chronic rhinosinusitis may require surgical 
intervention to remove polyps, correct a deviated septum, reduce 
the size of hypertrophied nasal turbinates, or address the patency of 
the sinus ostia. Of course, signs of potential complications such as 
periorbital edema, double vision, opthalmoplegia, severe, unrelent-
ing frontal headache, or focal neurologic signs require immediate 
referral (Fokkens et al., 2005).

OSTEOPATHIC PATIENT MANAGEMENT

The way an osteopathic physician proceeds in managing a patient’s 
problem is infl uenced by how one thinks of infl uencing the biologic 
processes of healing. The fi ve, classic treatment models suggest dif-
ferent ways of thinking about osteopathic management. One may 
focus on a single model or, as often happens, combine several mod-
els in a treatment plan. It is helpful to identify the contributions of 
each model to the particular problems of acute rhinosinusitis.

BIOMECHANICAL MODEL

Sutherland describes rhythmic movement of the facial bones (in 
particular zygomae, maxillae, palatines, and vomer) acting like a 
“plunger” on the sphenoid and maxillary sinuses to promote air 
exchange (Brooks, 1997; Sutherland, 1990). The vomer, forming 
part of the nasal septum, is important in directing air fl ow. The 
location of the sphenopalatine ganglion, as noted above, surrounded 
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The physiologic studies of Sato and Schmidt have shown that 
various types of mechanical, thermal, and chemical stimulation of 
the skin, muscles, and joints at various spinal levels produce refl ex 
responses in visceral organs (Sato, 1989) That somatic afferent 
nerve stimulation can refl exively regulate various visceral func-
tions, gives credence to the practice of relieving somatic dysfunc-
tion in the upper thoracic and cervical spine to improve function 
of the upper respiratory mucosa. Beal (1985), reviewed the specifi c 
somatic manifestations of visceral disease. Correlation of palpa-
tory fi ndings with visceral diagnoses suggests that an osteopathic 
structural examination makes a valuable contribution to clinical 
diagnosis.

Data gathered by the survey responses of 955 osteopathic phy-
sicians indicated that 2.49% of the respondents used OMT to treat 
sinusitis ( Johnson and Krutz, 2002). When students were surveyed 
regarding which conditions they anticipated using OMT as part of 
their treatment plan, 20% included sinusitis (Chamberlain, 2003). 
A report on use of OMT in the emergency department suggests 
that symptoms of sinusitis (as well as several other complaints) 
could be ameliorated or eliminated with OMT (Paul, 1996).

Experience, coupled with anatomic and physiologic princi-
ples, strongly suggests that diagnosing and treating sinusitis, like 
so many other patient conditions, can be enhanced by the prac-
tice of osteopathic principles. This includes patient education and 
preventative care, musculoskeletal considerations for venous and 
lymphatic drainage and autonomic balance, use of other medical 
interventions that acknowledge the patient’s self-healing mecha-
nisms and respect their psychosocial milieu.
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cervical area is inhibiting sympathetic tone or if parasympathetic 
tone is being facilitated by dysfunction in the sphenoid and pala-
tine areas, the nasal muscosa would be congested and/or produce 
excessive mucus. Removing the somatic dysfunction allows better 
balance to be achieved in the autonomic system and nasal mucosa 
to function more normally. Irritation of the sensory nerves in the 
nose and sinuses clearly adds to neurogenic infl ammation by way of 
antidromic stimulation and release of neuropeptides (Loehrl, 2005; 
Sarin et al., 2006). Addressing factors, such as pain and mechanical 
irritation, which excessively stimulate those refl exes in the nose, can 
offer an opportunity to reduce infl ammation of the nasal mucosa 
(Lacroix, 2003).

METABOLIC ENERGY MODEL

Fatigue is a complaint that often accompanies rhinosinusitis. 
Working from a bioenergetic perspective, the physician would 
consider the impact of somatic dysfunction on body effi ciency and 
energy expenditure. Though not totally explained, there seems to 
be therapeutic effect related to the energetic interaction of hands-
on treatment of various kinds. An awareness of how osteopathic 
manipulation may impact the patient’s feeling of well-being as well 
as their ability to function more effi ciently is consistent with the 
bioenergic model.

BEHAVIORAL MODEL

From an osteopathic point of view, educating patients as to behav-
iors that assist the body’s innate healing can go hand in hand with 
OMT. Encouraging lifestyle modifi cations such as smoking ces-
sation, allergen avoidance, adequate hydration, effi cient breathing, 
and stress relief are important aspects in the treatment of rhi-
nosinusitis. Informing patients relative to the appropriate use of 
all pharmacologic agents and symptomatic treatment options will 
improve patient compliance and satisfaction.

Palpation and identifi cation of the structural and biomechani-
cal dysfunctions associated with their problem can give patients 
confi dence and trust in the treating physician. Patients with chronic 
rhinosinusitis often experience frustration and diffi culty with treat-
ment options. The ability to give them symptomatic relief with 
manipulative techniques relieves some of the anxiety and stress that 
accompanies any chronic disease.

DISCUSSION OF RELEVANT STUDIES

The osteopathic literature is replete with case reports and descrip-
tions of the use of OMT to treat upper respiratory conditions 
including sinusitis. In the 1930s, articles in “The Osteopathic Pro-
fession” describe osteopathic manipulative approaches to address 
lymphatic drainage, normalize circulation, and balance viscera-
somatic relationships for patients with sinusitis (Deason, 1935; 
Schoelles, 1937). L.M. Bush, D.O., at the 1942 American Osteo-
pathic Association meeting in Chicago presented, “How the ‘Old 
Doctor’ treated nose and throat conditions,” stressing “correction 
of spinal lesions and lesions of the clavicle” (Bush, 1942). In each 
of the following decades, case reports, promoting the use of OMT 
for sinusitis, appear in the literature. Shrum et al. (2001) describe 
the integration of pharmacologic agents and OMT (occipitoatlan-
tal decompression, rib raising, lymphatic pump, myofascial release 
to the cervical, thoracic and lumbar areas, and mandibular drain-
age technique) into the treatment of sinusitis in children. Opin-
ions expressed in letters to the editor of the Journal of the American 
Osteopathic Association in recent years have advocated the use of 
OMT in the treatment of sinusitis (Abend, 1999; Dudley, 1998).
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Abdominal Pain
PETER ADLER-MICHAELSON AND MICHAEL A. SEFFINGER68

K E Y  C O N C E P T S
■ Osteopathic evaluation of the patient with abdominal pain considers five different domains that involve the 

musculoskeletal system: posture and motion, respiration and circulation, metabolic functions, neurological 
functions, and behavioral aspects.

■ Differential diagnosis of abdominal pain entails consideration of possible etiologies based on the history and 
physical using an anatomical, pathophysiological approach.

■ The osteopathic evaluation and treatment of abdominal pain considers the effects of somatovisceral and visceroso-
matic reflexes, as well as somatosomatic and visceroviscero reflexes.

■ Somatic dysfunction may be a primary cause or a secondary finding in patients with abdominal pain and gastroin-
testinal dysfunction

■ Osteopathic management of patients with abdominal pain utilizes five models of osteopathic patient care
■ Osteopathic manipulative treatment is used as an adjunct in the prevention and treatment of postoperative ileus 

and atelectasis which often occurs after abdominal surgery for treatment of acute abdominal pathology.

Past Medical History: 
No hospitalizations. She denies having any medical illnesses 
and takes no prescription medications, other than her oral 
contraceptives. No history of sickle cell disease, ulcer disease, 
gallstones, cholecystitis, gastritis, colitis, appendicitis, tubercu-
losis, diabetes, or lupus erythematosis.

Past Surgical History: 
She reports no surgeries in the past.

Family History: 
Her mother is 54, had cholelithiasis and cholecystectomy, 
multiple kidney stones through the years, but no renal failure. 
Father is 56 and has hypertension and diabetes. Two brothers, 
34 and 32, and her sister, 26, are well.

Social History: 
The patient is an executive secretary, newly married with no 
children, working long hours but enjoys her work. She does not 
smoke and denies any illicit drug use. She rarely drinks alco-
hol. She is not active in sports. She recently traveled to South 
America with her husband on her honeymoon.

Allergies: 
She denies any allergies to known medications.

Medications: 
No prescription medications; multivitamins, herbal products 
from a friend who sells them to her for weight maintenance, 
unknown contents.

REVIEW OF SYSTEMS
General: 
She normally sleeps well but has been sleeping poorly due 
to this pain. She is very health conscious and has exercised 

CASE VIGNETTE

PATIENT PRESENTATION
Chief Complaint: 
Right lower quadrant (RLQ) abdominal pain.

History of Chief Complaint: 
Janequa is a 28-year-old African American female who presents 
to the emergency department (ED) on a weekend with increas-
ingly painful RLQ abdominal pain over the past 8 hours. It is 
accompanied by slight nausea, but no vomiting. The doctor on 
call for her primary care physician recommended she go to the 
ED for evaluation. She was brought by car from home. Onset 
was initially 3 weeks prior, with fluctuating pain daily since 
then, but usually tolerable. The pain intensity ranged from 
2 to 5/10, but today it rose to an 8 on a scale of 10 (8/10) after 
lifting groceries out of the trunk of her car. The pain initially 
began after she traveled to Brazil for a week. She carried heavy 
luggage to and from the airport, and felt a pull in her right side 
when yanking it off the conveyer belt. The pain is constant 
now but had previously varied throughout the day depend-
ing on her activities. It is dull in nature, but does not have a 
cramping, off and on, quality. The pain has been in the RLQ 
without radiation since onset. Food does not make it worse. 
Medications such as aspirin, ibuprofen, and acetaminophen 
have not helped. It is worse with standing up after bending 
over while lifting over twenty pounds. The pain seems to be 
least when she is lying on her side in the fetal (knee to chest) 
position. There is no change in the pain with application of 
heat or cold. Her menstruation has been regular, normal in 
amount without clots, and neither exacerbates nor ameliorates 
the pain. Her pain is such that she cannot tolerate vacuuming, 
reaching into the cupboard over the kitchen counter, or sexual 
intercourse. She had right flank pain for 2 days 4 months ago 
when she passed a kidney stone.
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regularly before this pain started. She describes her nutrition as 
excellent. She denies fevers, chills, night sweats, recent weight 
loss or gain, although she feels not as hungry when the pain 
intensity increases.

Skin: 
No history of rashes, moles, scaling.

HEENT: 
No history of head trauma, changes in hearing, vision, smell, 
taste, or swallowing. No sore throat or swollen neck glands.

Cardiovascular: 
No history of chest pain, shortness of breath, palpitations, con-
gestive heart failure.

Respiratory: 
No history of cough, phlegm, wheezing, or pneumonia.

Gastrointestinal: 
She has had slight nausea, but no vomiting, diarrhea, constipa-
tion, hematemesis, melena, or hematochezia; no history of gas-
troesophageal reflux disease; no increased flatulence or bloat-
ing; she has normal daily bowel movements with no change 
in the color of her stool. No history of intolerance to fatty or 
fried foods.

Gynecological: 
G0P0, she is sexually active, has unprotected intercourse with 
a single partner, has not missed any periods which have been 
regular and not heavier or lighter than normal; intercourse 
had not been painful for her prior to the onset of pain, but 
is now.

Genitourinary: 
Has had a kidney stone, passed without sequelae 4 months ago, 
no recent hematuria, dysuria, or change in color of urine.

Neurological: 
No history of seizures or stroke; no weakness, spasms, ticks, or 
problems with coordination.

Hematological: 
No history of anemia, no sickle cell anemia or trait; any hemor-
rhage or abnormal bleeding diathesis.

Musculoskeletal: 
No history of fractures, dislocations; had a sprained right ankle 
playing tennis 8 years ago; she gets occasional low back pain 
which resolves spontaneously with stretching. She denies joint 
pains or swelling.

PHYSICAL EXAM
Vital signs: 
Pulse supine: 100/min; seated: 108. BP supine: 120/72 mm Hg; 
seated: 124/70. T: 37.5°C., R: 16/min, height: 5'8", weight: 
145 lb.

General: 
This is a well-developed, well-nourished female in moderate 
distress due to her abdominal pain, laying comfortably on her 
right side with knees flexed to chest.

HEENT: 
Pupils are equal, round, and reactive to light and accommodation; 
external ocular muscles are intact; no skin lesions; mucous 
membranes slight dry otherwise oral exam normal; neck was 
supple; no bruits; no enlarged lymph nodes are present.

Heart: 
Slight tachycardia, with regular rhythm; no extra sounds, mur-
murs, or rubs.

Lungs: 
Clear to auscultation in all fields.

Abdomen: 
No scars were present; no asymmetry to inspection; bowel 
sounds normal in all quadrants; moderate RLQ discomfort to 
palpation which is nonradiating; no masses or abnormal pulsa-
tions are palpated; no rebound tenderness is elicited. There is 
no guarding or costovertebral tenderness.

Pelvic exam: 
Normal external and internal anatomy; no masses palpated; 
slight referral of pain to the RLQ on bimanual examination; no 
discharge or unusual odor noted, no cervical motion tenderness.

Breasts: 
No masses, erythema, asymmetries, or discharge.

Rectal Exam: 
tone is normal; no masses present; stool is brown, soft, no gross 
blood, and Guaiac test is negative for occult blood.

Extremities: 
Normal range of motion all joints; no swelling is present; no pain 
is elicited on motion testing; no skin lesions are present; and pulses 
are present and normal to all extremities; capillary refill is less than 
2 seconds in fingertips, nail polish occludes visualization of nail 
beds.

Neurological: 
CN II to XII grossly intact; no sensory or motor abnormali-
ties present; DTRs are 2+/4+ in biceps, triceps, brachioradialis, 
patellar, and Achilles tendons bilaterally. Babinski’s tests elicit 
plantar flexion bilaterally.

Osteopathic Structural Exam: 
Patient is examined in the standing, seated, prone, and supine 
positions for evidence of structural landmark asymmetries, 
altered range or quality of motion, tissue texture abnormalities, 
tenderness, or temperature variations.

Gait: 
Gait is not antalgic but her left lower extremity is slightly exter-
nally rotated.

Postural Landmarks: 
The right shoulder is inferior to the left; the head is held for-
ward of the gravitational line; thoracic kyphosis is diminished 
as is the lumbar lordosis; the right anterior superior iliac spine is 
superior, right posterior superior iliac spine is inferior; the right 
leg appears shorter by 3 mm with the patient supine.

Active Motion: 
Trunk sidebending left is restricted. There are positive right 
standing and seated flexion tests; in the prone position, with 
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musculoskeletal origin, such as is found in the case of viscerosomatic 
dysfunction, osteopathic manipulative treatment (OMT) may not 
be the primary treatment for the patient. However, the osteopathic 
physician should consider whether osteopathic evaluation or treat-
ment using OMT could help to diagnose or treat the condition 
better, as an adjunct to the primary treatment, which may be medi-
cal and/or surgical. If the patient has a surgical abdomen, meaning 
her abdomen would require life-saving surgery and is typically fi rm 
and tender, her soma should display signs of guarding and protect-
ing an obstructed or infl amed internal organ. Related Chapman’s 
refl ex points should be positive. Another consideration is whether 
osteopathic principles or OMT could assist in making the patient 
a better operative candidate. Can osteopathic principles or OMT 
assist the patient to better handle the postoperative phase? Can 
osteopathic principles or OMT assist the patient in the recovery 
phase? Conversely, if the somatic dysfunction is determined to 
be primarily of musculoskeletal origin and there is no evidence of 
internal organ pathophysiology, as in this patient’s case, then OMT 
would be the treatment of choice for her problem. Muscle energy 
treatment using isometric contraction against a controlled resis-
tance, followed by relaxation and passive stretching to lengthen the 
psoas would be effective. Alleviation of the spinal somatic dysfunc-
tions with high-velocity low-amplitude (HVLA), muscle energy, 
or other OMT procedures would also be benefi cial.

The normal fascial patterns in a healthy patient are either 
L/R/L/R or R/L/R/L/ pattern at the transition zones. Her fascial 
pattern would indicate especially a loss of compensation and there-
fore a problem in the thoracolumbar region. The pattern of somatic 
dysfunctions of the ipsilateral respiratory diaphragm and psoas 
muscle with the contralateral piriformis muscle is a very common 
pattern with psoas syndrome.

The Thomas Test (7) involves fl exing one hip joint at a time in 
the supine patient, whose legs from the midfemurs distally are off 
the end of the table, and comparing the distance of separation of 
the extended thigh from the table. For example, with a tight, hyper-
tonic, and shortened psoas muscle on the right, the right leg will be 
pulled away from the table further upon fl exion of the left hip joint 
compared to the contralateral test. This is seen as a screening test 
only and is not specifi c for the psoas, as other conditions (i.e., hip 
joint capsule restrictions) can infl uence this test as well. Sometimes 
with a very fl exible patient the Thomas test will be normal despite 
a psoas dysfunction being present. However, in the patient with a 
normal hip joint, a positive test is a good indicator of psoas hyper-
tonicity. The counterstrain tender points for the psoas and iliacus 
muscles provide further evidence of a primary psoas dysfunction/
spasm. The points are palpated and the fi ndings compared left with 
right. In the case of this patient, both the Thomas test and the 
counterstrain tender point for the right psoas muscle were positive, 
indicating a somatic dysfunction of the right psoas muscle.

The psoas muscles are attached to the vertebral bodies and the 
anterior surface of the transverse processes of the lumbar vertebra. 
They pass along the superior border of the true pelvis, are joined 
by the iliacus muscles, pass over the superior ramus of the pubes, 
and then turn posteriorly to insert on the lesser trochanter of each 
femur via common tendons.

Psoas syndrome is usually initiated when a person assumes 
any number of positions that shorten the origin and insertion of 
the psoas muscle for a signifi cant length of time and then gets 
up quickly, suddenly lengthening the origin and insertion, and 
attempts to assume normal upright activity. The initial posi-
tions that might bring about this syndrome include sitting in a 
soft easy chair or recliner, bending over from the waist for a long 
period of time, working at a desk, or weeding in the garden. Psoas 

the patient backward bending, there is a right rotated sacrum 
on a left oblique axis and L5 is flexed, rotated left, and sidebent 
left (L/R sacral torsion).

Passive and Inherent Motion: 
There is an externally rotated right temporal bone; C2-3 is 
flexed, rotated left, sidebent left (F RLSL); T1 is extended, rotated 
right, sidebent right (ERRSR); T5 is extended, rotated right, 
sidebent right (ERRSR); T6 is extended, rotated left, sidebent 
left (ERLSL); L1 is flexed, rotated right, sidebent right (FRRSR); 
there is poor compliance of the sacrum to posterior-anterior 
pressure at L5-S1 (positive spring test); the right thoracic dia-
phragm is restricted in inhalation; her axial fascial pattern is 
rotated left in at the craniocervical junction, rotated right at 
the cervicothoracic junction, rotated right at the thoracolumbar 
junction and rotated left at the lumbosacral junction (L/R/R/L) 
there is restricted internal rotation of the left femur.

Soft Tissue Palpation: 
There are no abnormal temperature variations over the abdomen 
or back regions; the superior mesenteric ganglion area is tender 
to palpation; the right psoas is hypertonic and shortened, and 
there is a positive right counterstrain tender point for the psoas 
muscle (see also Chapter 49); a positive left piriformis tender 
point (see also Chapter 49); there were no Chapman’s points 
palpable at the stomach, liver, small intestine, large intestine, 
kidneys, and appendix sites. (see also Chapter 52G:)

DIFFERENTIAL DIAGNOSES

Regardless of the region of the abdomen in which the patient states 
she has pain, since the visceral afferents diverge several segments 
within the spinal cord, the pain is not always an accurate indica-
tor of the precise location of a visceral pathology. The differential 
diagnosis of subacute RLQ abdominal pain without bowel changes 
in a female of child-bearing age includes infectious, infl ammatory, 
metabolic, and mechanical pathology. As an Osteopathic Emer-
gency Physician, the fi rst priority is to rule out a life-threatening 
illness. For example, an ectopic pregnancy is a true medical/surgical 
emergency where the patient could bleed profusely from a ruptured 
fallopian tube and die within minutes, before defi nitive care can be 
delivered. The patient must be quickly evaluated and any neces-
sary treatment measures begun immediately. Given this patient’s 
presentation, several emergency conditions need to be ruled out. 
Ectopic pregnancy, appendicitis, infection, internal bleeding, 
hydronephrosis, hepatitis, pancreatitis, ruptured diverticula, perfo-
rated bowel and bowel obstruction are at the top of the list. Possible 
urgent conditions also include pregnancy, placenta previa if preg-
nant, salpingitis, ovarian cyst, endometriosis, tumor, kidney stone/
infection, cystitis, and colonic infl ammation.

OSTEOPATHIC PATIENT MANAGEMENT

Biomechanical Model

In the ED, whether there is or is not any signs of somatic dys-
function, it is imperative to fi rst distinguish whether a patient 
with abdominal pain has pathophysiology requiring solely medi-
cal management or will require surgical management as well. If 
there is somatic dysfunction present, as in this patient’s case, the 
osteopathic physician should determine if it is a primary musculo-
skeletal disorder or secondary to internal organ pathophysiology. If 
the somatic dysfunction is determined to NOT be primarily of 
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syndrome can also be precipitated by overuse, such as doing sit-ups 
with the lower extremities fully extended. Apparently, each of these 
situations creates a neuromuscular imbalance that results in psoas 
muscle hypertonicity. The subsequent formation of somatic dys-
function then affects the psoas muscle and the lumbar spine. Once 
a patient realizes that he or she has been in one of these positions, 
the possibility of initiating a psoas syndrome can usually be avoided 
if he or she slowly returns to a neutral postural position.

The physician must be aware that there are organic causes for 
psoas tension or spasm, and if suspected, these must be ruled out by 
history and/or physical examination and special tests. These include:

Femoral bursitis
Arthritis of the hip
Diverticulosis of the colon
Ureteral calculi
Prostatitis
Cancer of the descending or sigmoid colon
Salpingitis
Psoas abscess

The key somatic dysfunction initiating or perpetuating psoas syn-
drome is believed to be a type II (nonneutral) somatic dysfunc-
tion (F Rx Sx) usually occurring in the L1 or L2 vertebral unit, 
where “x” is the side of side-bending of the somatic dysfunction. 
If this key somatic dysfunction remains, the patient’s symptoms 
may progress to full-blown psoas syndrome. Osteopathic structural 
exam fi ndings indicative of this syndrome include:

■ The key, nonneutral (type II) somatic dysfunction at L1 or L2
■ Sacral somatic dysfunction on an oblique axis, usually to the side 

of lumbar side-bending
■ Pelvic shift to the opposite side of the greatest psoas spasm
■ Hypertonicity of the piriformis muscle contralateral to the side 

of greatest psoas spasm
■ Sciatic nerve irritation on the side of the piriformis spasm
■ Gluteal muscular and posterior thigh pain that does not go past 

the knee, on the side of the piriformis muscle spasm

Manipulative treatment is preceded by ruling out psoas involve-
ment caused by one of the organic etiologies previously listed. 
Effective treatment of the “key” somatic dysfunction (usually found 
at L1 or L2) is essential for the patient’s comfort and for effec-
tive, long-lasting effects of manipulative treatment, regardless of 
the administration of other indicated medicines, chemotherapy, 
radiation, or surgery. Removing somatic dysfunction, wherever it 
occurs in the body, reduces afferent load to the spinal cord from 
secondary somatic sources and lessens the segmental activity of the 
primary facilitated spinal cord segments. This makes the patient 
more comfortable and supports the body’s homeostatic and defense 
mechanisms, thus hastening recovery.

An iliopsoas or psoas somatic dysfunction with hypertonicity 
and muscle shortening present for a long enough period of time 
can create a posterior position of the ipsilateral innominate. This is 
likely due presumably to the superior pull from the muscle leading 
to a compensatory shift of the innominate to ease tension within 
the muscle. This often leads to a functional (not anatomic) short-
ening of the ipsilateral leg, as is demonstrated by this patient.

The L5, sacrum, and innominate dysfunctions are likely com-
pensatory to the initial psoas dysfunction (8).

The C-spine (C3-5) somatic dysfunction is likely related to 
her diaphragm somatic dysfunction via somatosomatic refl exes. 
(see also Chapter 13) The temporal bone somatic dysfunction is 
likely secondary to the cervical and sacral somatic dysfunctions. 
The “normal” Chapman’s points for the foregoing organs lend 

further weight to the hypothesis that the internal organs are 
not primarily involved in her case but rather secondarily altered. 
(see also Chapter 52G )

Respiratory-Circulatory Model

This patient’s respiratory and circulatory functions seem to be intact. 
On exam, her resting pulse and respiratory rates are slightly elevated 
and her mucous membranes are slightly dry. This raises the possibil-
ity of her being volume depleted, but her blood pressure was within 
normal limits, and she was not dizzy upon standing. If she was vol-
ume depleted, that is, dehydrated, her blood pressure would drop 
more than 15 mm Hg, and/or pulse rate rise, more than 15 beats per 
minute, respectively, upon sitting from the supine position. But since 
her blood pressure is stable, her elevated heart and respiratory rates, 
and dry membranes, are therefore likely due to pain and anxiety as 
opposed to hemorrhage. She may have an ectopic pregnancy causing 
these signs, and the urine pregnancy test will help to rule that out.

An air embolism is typically discovered on plain upright abdom-
inal x-ray under the diaphragm. Although causing some pain and 
bloating, the intensity of this pain is lancinating if the air transects 
fascial planes, that is, through the abdominal wall or fascia of the 
diaphragm, which is contiguous with the pericardium and fascia of 
the mediastinum. On occasion, air can enter the vaginal canal and 
fi nd its way through the uterus, fallopian tubes, and into the abdom-
inal cavity. A perforated intestine from ruptured diverticula, cancer, 
and infl ammatory bowel disease can also cause air embolism, but 
there is no evidence in her history or physical exam to support this.

The color of the stool is another important fi nding when 
assessing a patient with abdominal pain. A fi nding of bright red 
blood makes us think of processes nearer to the anus, for example, 
hemorrhoids. While a fi nding of black tarry stool makes us think 
more of upper gastrointestinal (GI) processes, for example, a stom-
ach or duodenal ulcer with bleeding. A normal color does not rule 
out GI bleeding. A Guaiac test is a test for occult blood in the stool. 
The test is done at the bedside following a rectal exam. If the stool 
is negative for gross blood and the Guaiac test is negative for occult 
blood, we can be fairly sure that there is no process present involv-
ing bleeding from the bowels. The normal vascular exam of the 
abdomen and lower extremities ruled out aortic aneurysm as well as 
other vascular problems or bleeding abnormalities in this patient.

An intravenous (IV) line was started with normal saline (NS) 
at 125 cc/h, as she was kept “n.p.o.” (Latin—nil per os—nothing 
by mouth); oxygen was started per nasal canula at 2 L/min, which 
could have been titrated upward as needed in case of shortness of 
breath, and a heart monitor was attached to her chest to continu-
ally assess whether her heart maintained its normal sinus rhythm or 
required further interventions due to an arrhythmia, for example. 
Blood was drawn; urine was obtained and sent to the lab.

Recall that the patient’s resting pulse and respiratory rate are 
slightly elevated and her mucous membranes are somewhat dry, 
which is likely due to anxiety, given her negative lab and radiologi-
cal studies. If this patient did have tachycardia due to blood loss or 
dehydration, she would need greater amounts of IV fl uids, usually 
NS or lactated Ringers solution (5). Starting oxygen and attaching 
an EKG monitor are standard measures in the ED to support and 
monitor the patient (6).

Neurological Model

An appreciation of the neuroanatomy of nociception is helpful 
in discerning the cause of acute abdominal pain. Both somatic 
(peripheral nervous system) and visceral (autonomic nervous 
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system) innervations are involved. Visceral afferents transmit 
noxious stimuli, such as stretch, distention, infl ammation, and 
ischemia, to the central nervous system (CNS). However, other tis-
sue-destroying processes, such as is found with some intra-abdom-
inal tumors or cancerous growths, or cutting and burning during 
surgery, cannot be perceived via these visceral afferent nerves and 
are thus not perceived as pain by the patient.

In the abdomen, the sympathetic component is contributed by 
the thoracic, lumbar, and pelvic splanchnic nerves, and the para-
sympathetic by the paired vagus nerves arising from the tenth 
cranial nuclei of the brainstem and the sacral splanchnic nerves 
arising from S2-S4 spinal segments (see also Chapter 10). The 
sympathetic cell bodies are in the intermediolateral cell columns of 
spinal segments T1-L2 with axons traversing through the ventral 
roots to the paravertebral ganglia. These paired chains of intercon-
nected ganglia lie along each side of the spinal cord just anterior 
to the heads of the ribs like a string of pearls. The fi bers from the 
paravertebral sympathetic chain ganglia converge anteriorly to 
form the sympathetic prevertebral or collateral ganglia: the greater 
splanchnic nerves from segments T5-9 form the celiac plexus; the 
lesser splanchnic nerves from segments T10-11 form the superior 
mesenteric plexus and the least splanchnic nerves from segments 
T12-L2 form the inferior mesenteric plexus. Postganglionic fi bers 
innervate their target organs.

The parasympathetic innervation structure is more streamlined. 
Long, preganglionic axons from the vagus nerves extend through the 
prevertebral ganglia as they pass directly to the viscera. Their short, 
postganglionic fi bers form part of the network in the visceral wall 
called the enteric nervous system. Both the sympathetic and the para-
sympathetic nerves exert their effects through the enteric nervous 
system. This network of fi bers is composed of two layers. The outer 
myenteric (Auerbach) plexus controls GI motility. The inner plexus 
(Meissner) controls GI secretion and local blood fl ow. Perception of 
nociceptive stimuli results in alterations in gut function mediated at 
this level. For example, marked reduction in gut motility—ileus—
commonly occurs in peritonitis via viscerovisceral refl exes.

Specifi c aspects of this anatomy explain why visceral pain is 
initially perceived as vague in location and quality. (see also 
Chapter 10) It is generally described as aching in nature, rather 
than sharp or intense, and is perceived as originating in the one 
of three midline regions versus a discrete unilateral location. This 
relates partly to the paucity of visceral afferents compared with the 
large number of somatic afferents originating in skin and muscu-
loskeletal structures. Equally important is that the transmission 
of visceral pain occurs via slow nonmyelinated C fi bers versus the 
fast-conducting A-d fi bers that transmit somatic pain.

Finally, the initial location of pain as regional versus specifi c 
relates to the embryologic development of abdominal viscera as 
midline structures with midline neurovascular supply. They divide 
into foregut (T5-9), midgut (T10-11), and hindgut (T11-L2) areas. 
Foregut structures include the distal esophagus, stomach, and the 
proximal duodenum, as well as the liver, biliary tree, and pancreas. 
Midgut structures include the small intestine, appendix, ascending 
colon, and proximal two third of the transverse colon. The hindgut 
includes the distal third of the transverse colon, the descending 
colon, and the rectosigmoid. They are loosely associated with the 
celiac, superior mesenteric, and inferior mesenteric ganglia, respec-
tively. Thus, in general, pain from structures innervated at these 
levels will be perceived as occurring in the epigastric, periumbilical, 
or hypogastric midline areas, respectively.

The somatic component of acute abdominal pain is caused by 
the parietal peritonitis that occurs adjacent to the involved viscera 
as infl ammation progresses. Also referred to as the “percutaneous 

refl ex of Morley,” it is conducted by A-d fi bers following the asso-
ciated dermatome to unilateral spinal segments, which results in 
the localization and increasing intensity of acute abdominal pain, 
as well as the increased muscle tone of the abdominal wall associ-
ated with guarding and rebound tenderness.

The third component of acute abdominal pain, known as 
referred pain, is a clear example of how structure determines func-
tion. Referred pain is defi ned as discomfort occurring in a site distant 
from the diseased viscus. The explanation of referred pain lies in the 
intricacies of the neuroanatomy previously described. The spinotha-
lamic tract is largely nondiscriminatory for visceral versus somatic 
pain. Because somatic nervous input far exceeds visceral, the CNS is 
“fooled” and perceives the pain as originating partly in the peripheral 
structures innervated by the same spinal segments as the diseased 
viscus. For example, the pain initiated by gallbladder infl ammation 
(T7-8 visceral afferent innervation) is perceived as occurring in the 
right subscapular area (T7-8 somatic afferent innervation).

In a similar manner, visceral afferents synapse on interneurons 
in the spinal cord that stimulate somatic efferent neurons at the 
same level. This local refl ex activity is referred to as a viscerosomatic 
refl ex. It results in somatosensory changes palpable in a paraspinal 
location as tissue tenderness, asymmetry, range-of-motion restric-
tion, and tissue texture changes. The fi nding of specifi c somatic 
dysfunction in a patient with acute abdominal pain can provide 
useful information as to the origin of the pain. The paraspinal loca-
tion should direct one to consider organs known to have sympa-
thetic innervation at the same level, resulting from the fact that 
visceral afferents that trigger viscerosomatic refl exes predictably 
follow the sympathetic efferent pathways. (see also Chapter 39)

With this discussion of nociceptive anatomy as a backdrop, 
consider the more clinical aspects of our patient with acute abdom-
inal pain. The patient does not show signs of peritoneal infl am-
mation or an acute abdomen and her vital signs are stable. The 
onset of the pain began shortly after strenuous physical activity 
and was associated with decreased ability to perform activities that 
required her to extend her hip and trunk. The pain intensity gradu-
ally increased over a period of weeks, as opposed to pain from an 
obstructed viscous or acute infl ammatory process which typically 
has a more rapid progression of pain intensity.

With the patient supine, the sensitivity of the connective tis-
sues surrounding the collateral sympathetic ganglia can be assessed 
gently palpating the abdomen overlying these areas. Assessment 
involves determining increased subjective sensitivity as well as tis-
sue texture changes in these regions. Positive results will lead to fur-
ther assessment of structures related to the altered ganglion. In this 
patient, a tender and noncompliant superior mesenteric ganglion 
area can be a sign of visceral pathology involving, for example, the 
small intestine or proximal half of the large intestine, or a kidney; 
or it can mean an increased afferent input to the segments T10-11 
from another somatic structure, for example, the lower extremity or 
the respiratory diaphragm. In this patient, the decreased mobility 
of the right kidney compared to the left side (which can also be in 
part due to the respiratory diaphragm somatic dysfunction on the 
right) could be the explanation of the tissue texture changes felt 
around the superior mesenteric ganglion (3).

A common neurologic problem causing superfi cial abdominal 
pain is shingles (herpes zoster), which are vesicular, painful lesions 
along a cutaneous peripheral nerve, usually the intercostal nerve in 
the intercostal space, resulting from prior infection as a child (vari-
cella zoster, aka “chicken pox”). However, her skin had no lesions so 
this possibility is highly unlikely.

Certainly, lower thoracic or upper lumbar spinal disease could 
cause nerve irritation, infl ammation, and radiation of pain into the 
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lower abdomen. Although there was spinal somatic dysfunction, 
there was no history of trauma, cancer, or metastasis, and disc her-
niation is not common in this patient’s age group, so these are least 
likely possibilities.

While the diagnostics to rule out emergent and urgent pro-
cesses are ongoing, treatment involves primarily pain management, 
as well as OMT modalities. OMT to relieve pain is most effi ca-
cious when there are palpable signs of somatic dysfunction related 
to the pain, that is, muscle spasm, fascial restrictions, tissue conges-
tion, or tenderness. Often, visceral OMT relieves pain related to 
tissue congestion, strain-counterstrain OMT relieves tenderpoints 
and myofascial, articulatory procedures or muscle energy OMT 
releases muscle spasms and connective tissue restrictions; HVLA 
may be used for restricted joint motion refractory to less force-
ful methods. For paraspinal muscle spasms and Chapman’s refl ex 
nodules, inhibition (sustained digital pressure with a slight circular 
motion) OMT is helpful.

An extremely important issue is whether or not to give anal-
gesic (pain) medication to the patient pending lab and imaging 
studies as well as while awaiting consultations. Theoretically, if the 
patient receives a strong analgesic, they will no longer be able to 
respond appropriately to the assessment, and we will get confusing 
results from our examination. The patient is asking for medica-
tions for her pain. Current practice guidelines recommend using 
short-acting narcotic analgesics to control the patient’s pain while 
undergoing laboratory and radiographic procedures and waiting 
for consultants to come to perform their evaluations (4).

Metabolic Energy Model

Four of the most common causes of acute abdominal pain that war-
rant surgical intervention include acute appendicitis, acute chole-
cystitis, diverticulitis, and small bowel obstruction. In each of these 
diseases, infl ammation and infection are the result of obstruction of 
normal function of a hollow viscus or duct structure. The obstruc-
tion results in luminal distention, stasis of organ contents, which 
causes back pressure against the organ walls. Because venous and 
lymphatic drainage are passive, low-pressure networks, the increas-
ing back pressure prevents proper drainage of these tissues, resulting 
in organ wall edema. This progresses to arterial obstruction and isch-
emia. Ischemia leads to wall gangrene, perforation, and peritonitis.

Because the GI tract is colonized with varying levels and types 
of bacteria, the stasis described above causes bacterial overgrowth. 
Transmural infection of the compromised viscus results and contrib-
utes to the peritonitis caused by gangrene and perforation. Bacterial 
liberation of endotoxins and the release of infl ammatory mediators 
result in the systemic septic response. Infl ammation and infection 
increase metabolic processes, elicit release of interleukins and other 
cytokines with subsequent generation of fever. Fatigue ensues. Left 
untreated, the systemic infl ammatory response syndrome of multiple 
organ failure occurs with high levels of comorbidity and mortality.

In considering metabolic pathophysiology as the source of her 
abdominal pain, recall that she had nausea, but she did not have any 
other signs of GI or genitourinary system dysfunctions, including 
vomiting, oral or rectal bleeding, bloating, or fevers. She has a history 
of a kidney stone, and it is possible she has one again with associ-
ated muscle spasm related to a viscerosomatic refl ex. An abdominal 
(kidney-urinary-bladder, or “KUB”) x-ray would identify a calcium 
stone if present in a kidney or ureter; however, the absence of costo-
vertebral tenderness argues against kidney stone or infection. A urine 
test is an inexpensive means by which hematuria could be detected 
if there is a ureteral stone, kidney or bladder infl ammation, infec-
tion or hemorrhage. Although she has had regular menstruation 

cycles and fl ow, a urine pregnancy test will help confi rm she is not 
indeed pregnant and rule out ectopic pregnancy. If necessary an 
abdominal ultrasound would detect swelling, enlargement, cysts or 
masses in the liver, spleen, pancreas, intestines, kidneys, ovaries, fal-
lopian tubes or uterus as would an abdominal or pelvic CT.

Although she is afebrile, this does not necessarily rule out an 
intra-abdominal infection and/or infl ammation or other noninfec-
tious pathology. Typically, intra-abdominal infl ammation causes 
infl ammation of the peritoneal lining of the intra-abdominal 
wall. As there was no rebound abdominal tenderness on physical 
exam, which is a fairly reliable sign of peritonitis, this possibility 
is unlikely. In this patient, the absence of rebound tenderness and 
palpable masses and the presence of normal bowel sounds make it 
less likely that she has a signifi cant intra-abdominal pathology. A 
computerized tomography scan would help to rule out masses or 
abnormal anatomy from other pathophysiological processes.

The right ovary and/or fallopian tube could be infl amed, 
obstructed, or cystic and cause pain without causing a fever, so these 
pathologies are possible given her symptoms. The physical exam, 
including lack of Chapman’s refl exes, did not localize a pathologic 
pelvic structure, though pain was felt in the RLQ during the pelvic 
bimanual exam.

The decision as to which lab tests to order is often a diffi cult 
one. Ideally, this is based upon having a solid differential diagnosis 
in mind. Lab test results should not be seen as a defi nitive “rule-
out” but rather as another piece in the larger puzzle of the entire 
presentation of the patient. For example, with a normal complete 
blood count (CBC) and “normal” abdominal ultrasound studies, 
one might be inclined to rule out appendicitis in this case (1). That 
would be unwise as some cases of appendicitis have been found 
in spite of negative laboratory and radiographic tests. Similarly, 
with normal liver function studies and normal abdominal ultra-
sound exam, you might be inclined to rule out gall bladder disease. 
Keep in mind, however, that although the false-negative rate of 
abdominal ultrasound for detection of gallstones is less than 5%, 
sole reliance on this modality may miss a diagnosis of small stones 
or disease that could cause abdominal pain and require surgical 
treatment (2). A urine drug screen test is also helpful as the patient 
may not divulge use of illicit drugs during the history.

The results are back from the laboratory and radiology depart-
ments. Blood tests: CBC with differential is within normal lim-
its, as are the electrolytes, amylase, lipase, liver function studies, 
and blood urea nitrogen: creatinine ratio; Urinalysis is negative 
for white blood cells, red blood cells, or nitrates. Drug screen is 
negative. Guaiac test is negative for occult blood. Urine and serum 
pregnancy tests are negative. Review of the abdominal x-ray series 
shows no free air, calcifi cations, or other pathology. Ultrasound 
study of the abdomen shows no pathology, and abdominopelvic 
CT study shows no free fl uid, no masses, no abnormal visceral or 
vascular structures. Thus, a hemorrhagic problem, anemia, electro-
lyte abnormality, illicit drug use, pregnancy, urinary obstruction, 
renal failure, urinary tract infection, intra-abdominal, or intra-pel-
vic pathology were ruled out. If any of these test results are positive 
or equivocal (unable to discern positive vs. negative test), general 
surgical and/or gynecological consults would be ordered for opin-
ions from their perspective as well as management beyond the ED 
in case the patient requires hospital admission or ambulatory care 
follow up with a surgical specialist.

Behavioral Model

Behavioral issues such as anxiety or depression, drug abuse, espe-
cially opiates, may all cause abdominal pain. A urine drug screen 
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would help determine if drug abuse is a potential cause of her pain. 
Anxiety and depression are possible in her situation, but less likely 
to cause such severe abdominal pain as she expresses. With somatic 
dysfunction in so many regions of the body, and constant pain, as 
well as being newly wed, anxiety is certainly part of the problem, 
and there may be underlying depression that was not admitted to 
in the history.

CASE VIGNETTE (CONTINUED)

The patient was treated with myofascial release (MFR) tech-
nique for the thorax and respiratory diaphragm; counterstrain, 
muscle energy technique (MET) and Still techniques for the 
right psoas; visceral techniques for the superior mesenteric 
ganglion and right kidney; counterstrain, MET for the left 
piriformis hypertonicity; MFR for the left pelvic floor; MFR, 
MET, and HVLA techniques for the right innominate; MFR, 
MET, and Still techniques for the sacrum. The patient toler-
ated the OMM treatment very well and reported a reduction of 
symptoms of about one-half, from 8/10 to about 4/10. She did 
not feel a need for medications at that point.

Final Diagnoses
The work-up for medical or surgical pathology was negative. 
The final diagnoses were as follows:

Somatic dysfunctions of the lower extremities, abdomen, 
costal cage, pelvis, lumbar spine, thoracic spine, cervical spine, 
and cranial regions. (ICD-9: 739.6, 739.9, 739.8, 739.5, 739.3, 
739.2, 739.1, 739)

The primary source of her abdominal pain was attributed 
to a psoas spasm.

Disposition of the Patient
Based upon the negative work-up, negative consultation results, 
and excellent response of the patient to the OMM treat-
ment, the decision was made to discharge the patient home 

with follow-up with a local osteopathic physician specializing 
in NMM/OMM or skilled in using OMT. The patient was 
instructed to return to the ED or to her regular family doctor if 
the symptoms did not improve, worsen or, if they resolved from 
this treatment but returned again.

Further Treatment Modality Options
Treatment emphasizing self-help techniques for the patient 
will allow the patient to be an active part of her own return 
to homeostasis. Muscle-energy techniques for the psoas and 
piriformis muscles can be easily learned and applied several 
times daily for a faster and better result. (see also Chapter 46) 
MFR for the respiratory diaphragm and superior mesenteric 
ganglion can likewise be learned and applied regularly. (see also 
Chapter 47)
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Acute Low Back Pain
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K E Y  C O N C E P T S
■ Osteopathic considerations for the patient with low back pain (LBP) entail assessing and treating biomechanical, 

respiratory-circulatory, metabolic-energy, neurologic, and behavioral aspects of the clinical condition.
■ Differential diagnosis utilizes a structure-function approach in determining whether the pain is due to spinal or 

pelvic musculoskeletal somatic dysfunction, localized manifestation of a systemic pathophysiologic process, or 
referred from internal organ disease.

■ Most causes of LBP are musculoskeletal and amenable to osteopathic manipulative treatment.
■ Evidence-based literature and expert consensus guidelines support the utilization of OMT for patients with acute, 

subacute, and chronic back pain.
■ The AOA House of Delegates passed a resolution accepting an evidence-based practice guideline recommending 

utilization of OMT for patients with LBP.

Social History:
Employed as a software engineer; nonsmoker; occasionally has 
a glass of wine or beer with dinner; lives at home with his wife 
and two children aged 16 and 14 who are all well.

Medications:
Atorvastatin 10 mg daily for hypercholesterolemia, loratidine 
20 mg daily as needed for allergic rhinitis, naproxen 500 mg, 
1 tablet every 12 hours as needed for pain.

Allergies:
Penicillin causes hives.

REVIEW OF SYSTEMS
General:
No fever or weight loss; mild fatigue

Skin:
No rashes or eczema.

HEENT:
No history of head trauma, recent changes in vision, smell, 
taste, hearing, or swallowing.

Cardiovascular:
No chest pain at rest or with exertion; no palpitations; no 
cyanosis or peripheral edema.

Respiratory:
No cough, shortness of breath, dyspnea; has history of exercise-
induced and allergic asthma for which he used to use an inhaler 
as needed but has not needed it for several months; no history 
of pneumonia or tuberculosis.

Gastrointestinal:
No nausea or vomiting, loss of appetite or abdominal pain; no 
bloody stools; no diarrhea or constipation; no history of hepa-
titis, ulcer, diverticulosis, or gallstones.

Genitourinary:
No hematuria, dysuria, incontinence, but he does note that his 
urinary stream is not as strong as usual; no history of hernia; 

CASE VIGNETTE

Chief Complaint:
Low back pain (LBP)

History of Chief Complaint:
A 52-year-old male presents to the ambulatory clinic complain-
ing of persistent LBP for the past 3 weeks. The pain started a 
few days after he hurt his left knee playing tennis. His knee pain 
has improved and he is no longer limping, but now he is experi-
encing dull, achy constant pain in the area of his low back, pri-
marily on the right side. The pain is exacerbated with prolonged 
sitting and lifting more than 25 lb. It seems to get better with 
rest and lying down, although he does admit to having difficulty 
with finding a comfortable position when sleeping and prefers 
to lie on his side with his knees bent. The pain is sometimes 
sharp and radiates to the right posterior thigh, but not past the 
knee or into the foot. In the past, he had LBP that did radiate 
to the lateral foot, causing an intermittent numbness sensation, 
but it resolved after a week or so with decreased physical activity 
and stretching. He has also contended with dull and aching back 
pain periodically throughout the years that also resolved spon-
taneously after a couple of days. Over-the-counter nonsteroidal 
anti-inflammatory drugs (NSAIDs) offer some relief and reduce 
his current acute LBP from 8/10 to 4/10 in intensity. He is usu-
ally relatively active and enjoys playing tennis and golf on the 
weekends. He denies any problems with bowel or bladder func-
tion but has not been able to play for the past three weeks.

Past Medical History:
Hypercholesterolemia, seasonal allergies, left tibial stress frac-
ture at age 35 while training to run a marathon; right rotator cuff 
tendonitis. No hospitalizations. Last physical was 10 months 
ago. He had a normal baseline prostate evaluation, PSA test, 
and colonoscopy at age 50. No history of rheumatoid arthritis, 
direct trauma to the low back, or motor vehicle accidents.

Past Surgical History:
Appendectomy at age 16
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 69 • ACUTE LOW BACK PAIN 1007

sexual relations have diminished for past three weeks due to 
LBP.

Endocrine:
No polydypsia, polyphagia, polyuria. No heat or cold intolerance.

Musculoskeletal:
Mild left knee pain; sharp right-sided LBP; history of intermit-
tent LBP that is usually dull and aching in nature; occasional 
right shoulder pain that is exacerbated with playing tennis.

Neurological:
No history of sciatica neuralgia; no muscle weakness in his 
upper or lower limbs; no muscle cramping or spasm; no persis-
tent loss of sensation in his feet; occasional headaches charac-
terized by a sensation of bilateral squeezing (tightness) which 
resolve with rest; no history of seizures or stroke.

Hematologic:
No history of anemia, blood dyscrasias, or bleeding tendencies.

Psychiatric:
No history of depression, anxiety, mania, hallucinations, or 
hospitalizations.

PHYSICAL EXAM
Vital signs:
Height: 5´10˝, weight: 170 lb, BP: 135/80, P: 86, R:14, T: 98.8°F

General:
Alert and in mild distress due to LBP; appearance is well kept, 
unable to get comfortable sitting on the treatment table; appears 
well dressed, clean and groomed.

Integument:
No erythema or increased warmth in lumbar region; no trophic 
changes in bilateral lower limbs; no malar or other rashes.

HEENT:
Head is atraumatic, normocephalic; pupils equal, round, reactive 
to light and accommodation; CN II to XII are grossly intact; 
external auditory canals are patent and tympanic membranes 
are intact with good cone of light; nasal mucosa is slightly 
erythematous and edematous; no sinus pressure tenderness to 
palpation or percussion; pharynx not injected, no tonsillar 
hypertrophy, no erythema or exudates.

Hematologic/Lymphatics:
No lymphadenopathy or peripheral edema.

Cardiovascular:
Heart has a regular rhythm; no murmurs; lower limbs none-
dematous; dorsalis pedis and posterior tibial pulses are palpable 
bilaterally; no carotid bruits; no abdominal bruits or masses.

Respiratory:
Lungs are clear to auscultation bilaterally; no wheezes or rhon-
chi in the airways; no prolongation of exhalation.

Gastrointestinal:
Abdomen is nondistended and bowel sounds are auscultated in 
all four quadrants without bruits; abdomen is tympanic to per-
cussion, soft, nontender to palpation without rebound tender-
ness or masses. Normal rectal sphincter tone on digital exam; 
guaiac stool test is negative for blood.

Genitourinary:
Prostate is firm, nontender, and small without nodules. No 
inguinal hernia.

Neurological:
Full motor strength present in bilateral upper and lower extremi-
ties; sensation diminished to light touch and pinprick over dorsal 
surface of right foot, with remainder of sensory exam normal in 
upper and lower limbs; muscle stretch reflexes: bilateral patellar 
and left Achilles 2+/4+; right Achilles 1+/4+; Babinski tests elicit 
down going toes bilaterally; straight leg raise tests elicit mild 
increase in LBP and tingling sensation but no pain in posterior 
legs or feet at 80 degrees; bilateral lower limb proprioception 
intact (negative Romberg test); normal heel and toe walking.

Musculoskeletal:
Mildly antalgic gait with decreased loading of left lower limb; 
increased right-sided lumbar paravertebral muscle tension with 
moderate tenderness lateral to L5 spinous process, decreased 
lumbar spine flexion (30 degree) and extension (10 degree), mod-
erate pain with lumbar spine extension and left side-bending; 
limited range of motion of squat test; negative FABERE test 
bilateral hip joints; medial joint line tenderness of left knee with 
5° deficit in extension, negative drawer test, and mild pain with 
McMurray’s test; no effusion of left or right knee; right bicipi-
tal tendon tender to palpation, negative Yergason test; there is 
a right positive Thomas test for iliopsoas tension.

Osteopathic Structural Exam:
Patient is evaluated in the standing, seated, supine, and prone 
positions.

Cranial:
Normocephalic, atraumatic cranium, asymmetrical motion 
posterior quadrants, primary respiratory mechanism at 8 cycles 
per minute, restriction of the right occipitomastoid suture.

Cervical:
increased cervical lordosis with head anterior to gravitational line; 
OA extended, sidebent right, rotated left; C2 rotated right.

Thoracic:
Decreased thoracic kyphosis; T1 Extended Rotated right, 
Sidebent right; palpable deep right paraspinal muscle tension 
(intertransversarii, rotatores, multifidi) at T4-5 extending out 
to the 4th intercostal space laterally that binds even more with 
passive cervical right sidebending using the head as a lever in 
the seated position during exhalation; T8-10 Neutral Sidebent 
left, rotated right; T12-L2 Neutral Sidebent right, rotated left; 
tenderness of right 12th posterior thoracic counterstrain point.

Costal:
Exhalation restriction of right 1st rib, inhalation restriction of 
right 12th rib and thoracic diaphragm.

Lumbar:
Decreased lumbar lordosis; L5 Flexed rotated right, Sidebent 
right; tenderness of 5th posterior lumbar and right piriformis 
counterstrain points, and in the area overlying the right ilio-
lumbar ligament;

Pelvis:
Positive left standing flexion test; ASIS, PSIS, and pubic tuber-
cles are level;
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1008 IV • APPROACH TO OSTEOPATHIC PATIENT MANAGEMENT

face the object, bend the knees, keep the back extended and lift the 
object close to the body). Both acetaminophen and NSAIDs have 
demonstrated benefi t as fi rst-line medications for short term pain 
relief (6).

National evidence-based practice recommendations for patients 
with subacute (6 to 12 weeks after onset) or chronic LBP (more 
than 3 months after onset) include spinal manipulation; inten-
sive interdisciplinary rehabilitation; exercise therapy; acupuncture; 
massage therapy; yoga; cognitive-behavioral therapy; or progres-
sive relaxation (6).

It is not recommended that physicians obtain radiological or 
laboratory evaluation routinely on patients with nonspecifi c (ana-
tomical pathophysiology undefi ned) acute LBP (6). This includes 
patients with somatic dysfunction and no symptoms or signs of 
radiculopathy below the knee or evidence of organic or spinal 
pathology. It is recommended to obtain radiological evaluation 
(e.g., lumbar spine x-rays, A-P and lateral views, MRI, CT) if the 
LBP persists beyond 6 weeks, which is the average time frame of 
resolution of acute symptoms, or if there are signs of radiculopa-
thy, or severe or progressive neurological defi cits (6). Diagnostic 
imaging is also indicated when serious underlying conditions are 
suspected on the basis of the history and physical examination (6). 
Electromyograms and Nerve Conduction Studies (EMG/NCS) 
are useful if radiculopathy distal to the knee occurs. Refer patients 
with radiculopathy below the knee to a pain management specialist 
for epidural steroid injections or a surgeon for potential defi nitive 
intervention is appropriate (6). Assess for symptoms and signs of 
severe or progressive neurological defi cits (i.e., bowel or bladder 
incontinence or change in lower limb muscle strength and sensa-
tion) at each offi ce visit. Refer to a spine surgeon if there are signs 
of severe or progressive neurological defi cits (6).

DIFFERENTIAL DIAGNOSIS

A patient’s LBP can be defi ned as either acute or chronic. In 
general, acute LBP is self-limiting, and if it lasts longer than 
3 months, it can be classifi ed as chronic in nature (6). While this is 
a broad generalization, it can be a helpful one, since the diagnosis, 
prognosis, and treatment of acute versus chronic LBP differ from 
one another. It is important to keep in mind, however, that up to 
one third of patients presenting with LBP will have a recurrent, 
episodic clinical course over their lifetime (7).

This patient presents a clinical example of a patient with acute 
LBP, although he has had episodes of back pain with and without 
radiculopathy in the past. He currently has no symptoms of pain 
radiating past his knee, but the physical exam did fi nd dermatome-
specifi c signs of decreased sensation in his foot. This could be 
residual from previous injury or part of the current clinical picture. 
Since other neurological tests, including lower extremity motor, 
sensory and refl ex exams, were within normal parameters, con-
tinued follow-up exams at each visit to document improvement, 
stability, or progression of this sensory defi cit is indicated. EMG/
NCS and diagnostic imaging would assist in the diagnosis if the 
defi cit persists or progresses.

In developing a differential diagnosis, it is helpful to character-
ize the patient’s LBP as localized or referred. Localized pathophys-
iology can be categorized as mechanical or nonmechanical. Even 
though it is often times not possible to defi ne the exact etiology of 
LBP, up to 97% of LBP is mechanical in nature (8). Mechanical 
etiologies can cause pain in the low back region, or the pain may 
radiate to one or both legs or feet, that is, cause radiculopathy. LBP 
that is accompanied with radicular symptoms is usually indicative of 
nerve root irritation or compression. Patients who are experiencing 

Sacrum:
Positive left seated flexion test; left sacral torsion on a right 
oblique axis and positive (poor/decreased) lumbar spring test.

Lower Extremities:
No gross leg length discrepancy; tenderness of left medial 
meniscus counterstrain tenderpoint; ankle decreased quality 
and range in passive dorsiflexion.

Upper Extremity:
Right scapula inferior; full range of motion present in bilater-
ally upper extremities.

ASSESSMENT
LBP (lumbago)
Somatic dysfunctions in the following regions: cranial (739.0); 

cervical (739.1), thoracic (739.2) with (viscerosomatic refl ex 
at T4-5 related to asthma); lumbar (739.3); sacral (739.4); 
lower extremities (739.6); costal cage (739.8)

Left medial meniscus injury
History of hypercholesterolemia
Allergic rhinitis
Asthma
Right bicipital tendonitis

PLAN

This patient has acute LBP (<6 weeks’ duration) due to somatic 
dysfunction that is amenable to osteopathic manipulative treat-
ment (OMT). A review of the scientifi c literature supports this 
diagnosis and management plan (1–3). Osteopathic manipulative 
medicine (OMM) methods that can be used to address his somatic 
dysfunctions include soft tissue, articulatory, muscle energy, strain-
counterstrain, high-velocity/low-amplitude (HVLA), osteopathy 
in the cranial fi eld and myofascial release procedures. Lumbar spine 
range of motion and strengthening exercises, such as the com-
monly prescribed knee-to-chest and pelvic tilt exercises, 3 cycles 
of 10 repetitions, once or twice daily, often aid recovery and reha-
bilitation (1). Patient-specifi c exercise prescriptions based on the 
physical exam fi ndings and goals of treatment are most benefi cial 
(1,4,5). Physical therapy referral for abdominal, lumbar, and pelvic 
muscle stabilization exercises and training may be useful if progress 
is slow with self-directed home exercises (6).

The American Osteopathic Association recommended param-
eters for frequency of application of OMT for patients with acute 
somatic dysfunction are one to three times per week for 2 weeks, 
followed by two to three times per week for 2 weeks, then one 
to two times per week thereafter, up to 6 weeks (5). If symptoms 
and signs are continually improving, OMT should be continued. If 
symptoms and signs are not improving, or worsening, reassessment 
of the diagnosis and a new management plan should be initiated 
(5). However, this is only a guideline, for at each visit, the osteo-
pathic physician should determine the frequency and duration 
of OMT based on the patient’s response to previous treatments, 
prescribed exercises and ergonomics and current assessment of the 
clinical condition (5).

For patients with acute LBP who do not improve with self-care 
options, spinal manipulation is the best evidence recommendation 
(6). Patients should be educated to stay active and use proper ergo-
nomics (6) (i.e., to pick up something to the side, do not bend 
over to the side, twisting the lumbar spine, with extended knees, 
which puts signifi cant strain and stress on the low back; instead, 
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 69 • ACUTE LOW BACK PAIN 1009

and although rare, it should not be missed, as it may be indicative 
of a serious disease process, such as gastrointestinal or renal disease 
or abdominal aortic aneurysm. Tables 69.1 and 69.2 categorize the 
differential diagnosis for LBP and provide a means by which the 
osteopathic physician can stratify it.

As can be discerned from Tables 69.1 and 69.2, the patient 
does not have history or physical fi ndings of any of the pathological 
conditions listed; however, the history and physical do support the 
diagnosis of somatic dysfunction. Thus, the osteopathic physician 

radicular symptoms typically report pain that is “burning” or 
“shooting” in nature and travels into the leg and below the knee. 
On the other hand, nonradicular mechanical LBP tends to be char-
acterized as “aching” or throbbing” in nature and may radiate into 
the gluteal or upper thigh region, but not usually below the knee. 
There are also nonmechanical causes of LBP. These include infec-
tions, infl ammation, and cancer. Psychological issues may also play 
a signifi cant role (6). Lastly, LBP may be referred from another 
site. This type of pain can be visceral or retroperitoneal in origin 

T A B L E  6 9 . 1

Differential Diagnosis of LBP

Characteristics Labs/imaging

Localized LBP—Mechanical without Radiation Below the Knee

Nonspecific–muscular and 
ligamentous injury

Localized to low back and buttocks
Better with lying down and change of position
Worse with activity
Cyclic in nature
Intact neurological function

Typically none

Somatic dysfunction Asymmetry of structural position
Altered range of motion
Tissue texture abnormalities
Tenderness
Resolves with OMT

Typically none

Degenerative disc disease Localized to low back and buttocks
Better with lying down and change of position
Worse with prolonged standing or sitting
Chronic > acute

Lumbar films: A/P and 
lateral views
MRI

Degenerative joint disease—facet 
arthropathy

Localized to low back and buttocks
Better with lying down and change of position
Worse with spinal extension
Chronic > acute

Lumbar films: A/P and 
lateral views
MRI

Fracture:
Vertebral
Spondylolysis

Acute > chronic
Compression fracture: history of 
osteoporosis or trauma
Pars interarticularis fracture: new-onset 
LBP in athletically active adolescent 
or history of trauma

Lumbar films: A/P, lateral 
and oblique views
CT

Localized LBP-mechanical with pain radiation below the knee

Radiculopathy Leg pain that radiates below the knee
Pain with dermatomal distribution
Neurological function may be impaired:
Lower extremity weakness
Diminished reflexes

MRI

Spinal stenosis Bilateral lower limb pain
Neurogenic claudication
Neurological function may be impaired:
 Lower extremity weakness
 Diminished reflexes

MRI

Cauda equina syndrome Impaired neurological function:
 Saddle anesthesia
 Lower extremity weakness
 Diminished reflexes
 Urinary retention

MRI

(continued )
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muscle fi bers at the musculotendinous junction that is precipitated 
by physical activity. The musculature of the lumbar spine can be 
classifi ed as being anterior or posterior. The anterior musculature 
comprises the abdominal and iliopsoas muscles. Abdominal mus-
cles include the rectus abdominis, external and internal oblique, 
and transverses abdominis muscles. These muscles act in concert 
with one another to produce fl exion of the lumbar spine. While it 
is unlikely that they are a source for LBP, these muscles are very 
important in providing core stability and are of benefi t to strengthen 
in patients with LBP. Iliopsoas is located deep within the abdomen 
and pelvis, originating along the lateral aspects of the lumbar ver-
tebrae and intervertebral discs and the iliac fossa and inserting on 
the lesser trochanter of the femur. It is the primary fl exor of the hip 

can be confi dent in making that diagnosis and provide appropriate 
OMT as part of the management plan.

OSTEOPATHIC PATIENT MANAGEMENT

Biomechanical Model

As stated above, the majority of LBP is mechanical in origin. In 
general, mechanical LBP is improved with rest and exacerbated 
with activity. Although the etiology of mechanical LBP can at 
times be identifi ed, such as with degenerative disc and joint dis-
ease, the vast majority of the time it is not. In the setting of a poorly 
defi ned etiology, it is thought that injury of muscular and ligamen-
tous structures plays an important role. It likely involves injury of 

T A B L E  6 9 . 1 (Continued )

Localized LBP—nonmechanical

Infection: Pain at rest or night CBC, Blood cultures MRI
 Osteomyelitis Fever
 Discitis Recent skin infection or UTI or IVDA
Neoplasm: Pain at rest or night MRI, CT, PSA, alkaline 

phosphatase
  Primary: osteosarcoma, 

osteoid osteoma
Weight loss

  Metastatic: prostrate, breast, 
lung, kidney

 Multiple myeloma
Inflammation: Significant morning stiffness Lumbar and pelvic films
  Spondyloarthropathy—ankylosing 

spondylitis reactive arthritis (Reiter 
disease)

Sacroiliac pain CBC, ESR, CRP, HLA-
B27, Rh factor

 Rheumatoid arthritis Uveitis
Urethritis
Joint pain and swelling

Referred LBP

Gastrointestinal disease: Abdominal pain, tenderness, distention Abdominal films, US, CT
 Inflammatory bowel disease CBC, amylase/lipase
 Diverticulitis Hematochezia
 Pancreatitis
Renal Disease: Abdominal pain US, CT
 Nephrolithiasis Pyelonephritis Hematuria UA
Gynecological: Pelvic pain US
 Endometriosis Cyclical in nature
 Menstrual Dysmenorrhea
Vascular: “Ripping” or “tearing”-like abdominal pain US, CT
 Abdominal aortic aneurysm Pulsatile abdominal mass
Psychological: Disproportionate pain Typically none
 Somatoform disorder
 Malingering
  Central sensitization/chronic 

pain syndrome

A/P, anterior/posterior; CBC, complete blood count; CRP, C-reactive protein; CT, computerized tomography; ESR, erythrocyte sedimentation 
rate; HLA-B27, Human leukocyte antigen-B27; IVDA, intravenous drug abuse; MRI, magnetic resonance imaging; OMT, osteopathic manipula-
tive treatment; PSA, prostatic specific antigen; Rh, rheumatoid; UA, urinalysis; US, ultrasound; UTI, urinary tract infection.
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T A B L E  6 9 . 2

Structure/Function Model of Differential Diagnosis of LBP

Red Flags: Spinal 
Pathology (Mechanical)

Somatic Dysfunction 
(Mechanical, 
amenable to OMT)

LBP Work-
related 
(Behavioral)

LBP radiating 
below knee 
(Neurological)

Inflammatory 
Disorder 
(Metabolic)

History • Age of presentation 
<20 or onset >55

• Violent trauma, e.g., fall 
from height, MVA

• Constant, progressive, 
nonmechanical pain

• Thoracic pain
• Past history of carcinoma
• Systemic corticosteroids
• Drug abuse
• HIV
• Difficulty with micturition
• Fecal incontinence

• Aged 20–55
• Pain may be in 

lumbar and sacral 
spine, buttocks 
and thighs; does 
not radiate below 
knee

• Mechanical in 
nature

• Lifting and 
twisting

• Pain varies with 
physical activity 
and time

• Postural 
stress

• Whole-body 
vibration

• Monotonous 
work

• Lack of 
personal 
control

• Low job 
satisfaction

• Smoking

• Unilateral 
leg pain > 
back pain

• Pain gener-
ally radiates 
to foot or 
toes

• Numbness 
and paras-
thesias in 
the same 
dermatome 
distribution

• Gradual 
onset

• Marked 
morning 
stiffness

• Family 
history

Physical • Systemically unwell
• Weight loss
• Persisting severe restriction 

of lumbar flexion
• Structural deformity
• Loss of anal 

sphincter tone
• Saddle anesthesia 

around the anus, perineum 
or genital

• Widespread (>one nerve 
root) or progressive motor 
weakness in the legs or gait 
disturbance

• Patient well
• Lumbosacral spine 

and/or pelvis 
somatic dysfunction 
present

• Low physical 
fitness

• Inadequate 
trunk strength

• Nerve root 
irritation signs

• Reduced 
SLR which 
reproduces 
leg pain

• Motor, sen-
sory or reflex 
change is 
limited to one 
nerve root

• Iritis, skin 
rashes 
(psoriasis), 
colitis, urethra 
discharge

• Persisting 
limitation of 
spinal 
movements 
in all directions

• Peripheral joint 
involvement

Lab and 
x-ray

• X-ray: look for vertebral 
collapse or bone 
destruction

• CT or MRI: look for cauda 
equina compression

• Nondiagnostic • Nondiagnostic • Nondiagnostic 
or MRI: look 
for disc 
herniation with 
compression 
of peripheral 
nerve root

• Nondiagnostic 
or blood 
tests: look for 
Rh factor or 
seronegative 
arthropathy; 
ESR > 25

• X-ray shows 
evidence of 
arthritis

Course • If pain not resolved in 
6 wk, an ESR and x-ray 
should be considered

• Prognosis good
• 90% recover from 

acute attack in 
6 wk; but most 
recur throughout 
life

• Manipulation and 
exercise provide 
pain relief, 
improved mobility 
and may shorten 
course

• Usually resolves 
within 6 wk

• Responsive to 
manipulation 
and exercise, 
and use of 
proper posture 
and ergonomics

• Potential for 
prolonged 
recovery if there 
is secondary 
gain involved 

• Prognosis 
reasonable

• 50% recover 
from acute 
attack within 
6 wk

• Usually 
resolves 
with anti-
inflammatory 
medication

• Episodic
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and dermatomes, as well as the Achilles and patellar muscle stretch 
refl exes. The straight leg raising test, as well as other nerve stretching 
maneuvers (e.g., fl exing the knee and passively dorsifl exing the 
ipsilateral ankle, or squeezing the ipsilateral calf along the mid-
line course of the sciatic nerve), is useful for assessing sciatic nerve 
infl ammation or irritation.

Somatic Dysfunction
Since up to 70% of mechanical LBP may be due to somatic dys-
function, performing an osteopathic structural examination can be 
quite useful (1). As with other regions of the body, lumbar somatic 
dysfunction is characterized by asymmetry of structural position, 
altered range of motion, and palpable tissue texture abnormali-
ties and/or tenderness. There are three primary anatomic sites of 
somatic dysfunction in the lumbo-sacral-pelvic region that can 
cause LBP and are amenable to treatment with OMM. Surround-
ing soft tissues, e.g., lumbar myofascial paraspinal tissues and lum-
bosacral-pelvic ligaments, are often treated along with the specifi c 
lumbar, sacral, or pelvic joint somatic dysfunctions. Box 69.1 lists 
the soft tissue elements often addressed with OMT, and Table 69.3 
lists the three types of somatic dysfunction commonly associated 
with LBP and the types of segmental somatic dysfunction that are 
typically found with each one.

As with all osteopathic structural examinations, evaluation of 
the lumbar spine for segmental somatic dysfunction requires profi -
ciency in palpating the appropriate anatomical landmarks and per-
forming a regional and segmental examination.

From a biomechanical perspective, treatment of LBP seeks to 
address somatic dysfunction and restore posture and balance so as 
to allow the musculoskeletal system to operate more effi ciently and 
with less pain. This entails not only addressing lumbar somatic 
dysfunction, but somatic dysfunction elsewhere in the body, par-
ticularly the spine, pelvis, and lower extremities. Because the spine 
works a functional unit, treating somatic dysfunction that exists in 
the thoracic and cervical spine will ideally allow for restoration of 
normal spinal motion. Likewise, the aim of treating lower extrem-
ity somatic dysfunction is to improve posture and balance and allow 
the body to more effi ciently cope with the forces of gravity during 
sitting, standing, and ambulation. Certain anatomic structures that 
are known to cause or exacerbate LBP should be taken into account 
when formulating an osteopathic treatment plan. These structures, 
which are amenable to manipulation, include the lumbar inter-
vertebral joints, myofascial paraspinal soft tissues, sacroiliac joints 
and iliosacral joints, and lumbosacral and lumbopelvic ligaments. 

joint and can act as a lumbar fl exor when the hips are fi xed. Because 
it is a postural muscle, it is prone to shortening in the absence of 
activity. This leads to decreased hip extension and increased lumbar 
lordosis and anterior pelvic tilt, which may predispose a patient 
to develop lumbar and pelvic somatic dysfunction and LBP. The 
posterior muscles are subdivided into superfi cial, intermediate, and 
deep layers. The superfi cial layer comprises the lumbodorsal fascia. 
This expansive layer of connective tissue provides stability for the 
thoracolumbar and pelvic regions, as well continuity with the upper 
limb via its connection with the latissimus dorsi muscle. The inter-
mediate layer consists of the iliocostalis, longissimus, and spinalis 
muscles. These erector spinae muscles function bilaterally to pro-
duce extension and unilaterally to produce sidebending of the lum-
bar spine. The deep layer consists of those muscles responsible for 
localized vertebral movement, including lateral fl exion (sidebend-
ing) with contralateral rotation. They include the multifi di, rota-
tors, and intertransversarii muscles. The deep layer also contains 
the quadratus lumborum muscle, which connects the pelvis to the 
spine and produces lumbar extension when contracting bilaterally. 
If it undergoes overuse due to deconditioning of the erector spinae 
muscles, it can be a potential source of LBP.

Just as injury to muscle fi bers can cause mechanical LBP, so too 
can injury to ligamentous structures. Like muscle injury, ligamen-
tous injury is characterized by pain that can be either dull and ach-
ing or sharp in nature. Two of the most important ligaments are 
the anterior and posterior longitudinal ligaments, which traverse the 
respective surfaces of the vertebral bodies and intervertebral discs. 
They provide stability and respectively prevent hyperextension and 
hyperfl exion of the spine. The posterior longitudinal ligament is of 
particular interest due to its location within the spinal canal. Its posi-
tion helps prevent posterior displacement of the intervertebral disc. 
Because it is richly innervated with nociceptors, it can be a source for 
LBP (9). It can also succumb to different disease processes, such as 
ossifi cation, which can cause other disorders of the spine, including 
spinal stenosis. Like the posterior longitudinal ligament, the liga-
mentum fl avum, which connects the laminae of adjacent vertebrae, 
is susceptible to ossifi cation. However, since it contains few nocicep-
tors, it is not considered to be an important pain generator.

Because the precise anatomical source of mechanical LBP is 
not identifi able in the majority of patients, the physical examina-
tion is often times used to exclude serious underlying pathology 
and confi rm the diagnosis. In the absence of well-defi ned spinal 
pathology and with signs of TART indicative of somatic dysfunc-
tion, osteopathic physicians consider somatic dysfunction as the 
cause of the LBP if its alleviation with OMT relieves the pain and 
restores normal function.

In addition to assessing the lumbar region for tissue texture 
changes, asymmetry, increased or decreased range of motion and 
tenderness, the physical examination should include an assessment 
of gait and posture, neurological function of the lower limbs, and 
appropriate provocative tests, such as the straight leg raise and 
FABERE (hip fl exion, abduction, external rotation, and extension) 
tests. Abdominal and rectal examinations may also be indicated if 
intra-abdominal or pelvic pathology are suspected. With the con-
tinuity that exists between the lower limbs and pelvis and lum-
bar spine, it is useful to perform an evaluation of gait, as it may 
give insight into the etiology of the patient’s LBP. For example, a 
patient with a radiculopathy affecting the 5th lumbar nerve root 
may have weakness of his ankle dorsifl exors that is demonstrated 
high steppage by gait. Although it is almost always normal in 
patients with nonradiating mechanical LBP, a neurological exami-
nation is essential when assessing any patient with LBP. It involves 
assessing motor strength and sensation for the L1 to L5 myotomes 

Muscles, Fascia, and Ligaments (Soft Tissues) 
Commonly Associated with Lumbosacral 
Somatic Dysfunctions in Patients with LBP
Superficial layer: Lower extremities:
• Lumbodorsal fascia • “Hamstrings”
 • Piriformis
Intermediate layer: • Psoas-Iliacus
• Erector spinae • Gluteal muscles
Deep layer: Ligaments:
• Multifidi • Interspinous
• Rotatores • Iliolumbar
• Intertransversarii • Sacroiliac
• Pelvic Diaphragm • Sacrotuberous
• Quadratus lumborum 
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must be interpreted with caution, since there is poor correlation 
between radiographic degenerative changes and LBP. For example, 
disc herniation on lumbar MRI is a common fi nding in asymptom-
atic patients (11,12).

Piriformis Syndrome
Although it is not part of the musculature or ligamentous struc-
tures of the lumbar spine, the piriformis muscle should be a con-
sideration in the differential diagnosis of LBP due to the fact that 
pain associated with its dysfunction can be interpreted as low back 
in origin. Typically, piriformis syndrome–type pain is characterized 
by aching pain in the gluteal region, especially at the attachment 
sites of the piriformis muscle. Patients complain of increasing pain 
after sitting for longer than 15 to 20 minutes. Additionally, because 
of the close proximity of the piriformis muscle to the sciatic nerve, 
patients can report parasthesias that radiate down the posterior 
aspect of the thigh. Having an appreciation for the anatomy of the 
piriformis muscle, as well as its surrounding structures, is helpful 
in understanding the possible pathophysiology behind piriformis 
syndrome and physical examination fi ndings. The piriformis 
muscle originates on the anterior surface of the sacrum and passes 
through the sciatic notch before inserting on the upper aspect of 
the greater trochanter. It is innervated by the fi rst and second sacral 
nerves and primarily acts as an external rotator of the hip joint. 
With the hip fl exed to 90 degrees, it acts as an abductor of the 
hip. It is an important structure since all neurovascular structures 
that exit from the pelvis via the greater sciatic notch do so either 
inferior or superior to the piriformis muscle. This includes the 
inferior and superior gluteal nerve and artery and pudendal and 
sciatic nerves. Even though the mechanism of sciatica or radicu-
lar type pain in piriformis syndrome is not completely under-
stood, it is thought that the sciatic nerve may become impinged 
or compressed by the piriformis muscle. This may be secondary to 
trauma, such as falling on the buttock, or overuse, both of which 
can result in infl ammation of surrounding tissues and spasm of 
the piriformis muscle. Additionally, in some patients, the sciatic 
nerve may pierce the piriformis muscle, rendering the sciatic nerve 
more susceptible to entrapment and injury. Regardless of the etiol-
ogy, piriformis syndrome is usually characterized by tenderness in 
the region of the greater sciatic foramen. Provocative maneuvers 
that evaluate for piriformis syndrome attempt to induce radicular-
type pain by either active contraction of the piriformis muscle in 
resistance or passively stretching it (13). The straight leg raise test 
may be positive in piriformis syndrome, but is nonspecifi c since it 
does not localize where the nerve is compressed and is typically 
more indicative of nerve root compression. In the supine position, 

Soft tissue and myofascial techniques such as lumbar prone pressure 
with counter leverage and lumbosacral decompression can be used 
to address increased tension of the lumbar paraspinal musculature 
and lack of compliance in the tissues surrounding the lumbosacral 
junction. Sidelying lumbar articulatory or HVLA technique is use-
ful for treating lumbar segmental dysfunction at L5. With respect 
to pelvic dysfunction, muscle energy technique can be used to treat 
sacral torsions and counterstrain technique for piriformis somatic 
dysfunction. Care should also be taken to address somatic dysfunc-
tion outside of the lumbar and pelvis regions. This may entail treat-
ing dysfunction at the atlantooccipital (OA) joint with HVLA and 
decompression of the OA joint, as well as treating knee or ankle 
somatic dysfunction with counterstrain technique. This again will 
allow the osteopathic physician to address somatic dysfunction that 
may have predisposed the patient to develop LBP and be interfer-
ing with structural balance.

Degenerative Disc and Joint Disease
Spondylosis is a term that is used to describe degenerative changes 
of the spine, including degenerative disc and joint disease. It tends 
to affect the lumbar spine in particular due to its mobile nature 
and load bearing responsibilities. There are fi ve lumbar vertebrae, 
each of which is separated by an intervertebral disc. Each vertebra 
consists of a body and vertebral arch. The vertebral arch is further 
composed of a pair of pedicles and laminae and supports a number 
of additional structures, including the inferior and superior articu-
lar processes, transverse processes, and spinous process. It forms the 
intervertebral foramen, through which the spinal nerves exit, and 
helps protect the spinal by cord by forming part of the spinal canal. 
The vertebrae articulate with one another via the fi brocartilaginous 
intervertebral disc and synovial facet joints, which exist on the infe-
rior and superior articular processes. The disc consists of an outer 
fi brocartilaginous ring, the annulus fi brosis, and inner gelatinous 
mass, the nucleus pulposus. It acts as a dampening mechanism 
for forces transmitted along the vertebral column, while simulta-
neously allowing for movement between the individual vertebrae. 
Disease or injury to any of these structures can potentially lead to 
instability of the lumbar spine and LBP. While injuries such as 
fracture of the vertebral body or arch tend to result in acute LBP, 
spondylosis tends to be associated with chronic LBP. In general, it 
is a natural part of the aging process and by 49 years of age, 60% 
of women and 80% of men have osteophytes and other changes 
indicative of spondylosis (10). As with acute LBP due to muscular 
and ligamentous injury, back pain due to degenerative changes is 
diffi cult to localize and symptoms and signs tend to be nonspecifi c. 
Additionally, radiological fi ndings, both on MRI and plain fi lms, 

T A B L E  6 9 . 3

Somatic Dysfunctions Associated with LBP

Lumbar Vertebral Joint Somatic 
Dysfunctions

Lumbosacral—Pelvic (Sacroiliac) 
Dysfunctions

Ilium—Pelvic (Iliosacral and Pubic) 
Dysfunctions

Type I:
• Neutral, sidebent left or right 
Type II:
• Flexed or Extended, rotated and 

sidebent right or left

• Sacral Torsion (L/L; L/R; R/L; R/R)
• Bilateral or Unilateral Sacral Flexion 

or Extension
• Lumbosacral joint compression
• Unlevel sacral base due to anatomic 

short leg

• Superior or inferior ilial shear
• Anterior or posterior rotated ilium
• Inflared or outflared ilium
• Superior or inferior pubic 

symphysis shear
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hypertonic psoas muscle facilitates resolution of a long-standing 
lumbosacral somatic dysfunction. Commonly, the L1 or L2 verte-
bra is fl exed and rotated to the side of the shortened, hypertonic 
psoas muscle. In the patient above, the thoracolumbar junction has 
two type I curves, one superior and the other inferior, to the thora-
columbar junction. This indicates a long-term somatic dysfunction 
in that region, as type I group dysfunctions are often compensatory 
changes to a longstanding type II segmental dysfunction. Treat-
ing the type I spinal somatic dysfunctions with OMT as well as 
stretching the tight psoas muscle would be a reasonable approach 
in this patient.

Short Leg Syndrome and LBP
Patients with anatomic short leg syndrome often have sacral base 
unleveling and sacroiliac and lumbosacral joint dysfunction and 
pain. (See chapters 41 and 42 for more information regarding ana-
tomic short leg diagnosis and treatment with lift therapy). OMT 
combined with lift therapy has been shown to relieve LBP in many 
of these patients (17–19).

Respiratory/Circulatory Model

From a respiratory/circulatory perspective, maximizing oxygen-
ation and delivery of nutrients facilitate the recovery of tissues 
that may have been injured or compromised in a patient with 
LBP. Therefore, patients may benefi t from OMM that addresses 
somatic dysfunction of the thoracic diaphragm and pelvic dia-
phragms and costal cage. The upper lumbar vertebral bodies 
serve as the sites of insertion for the diaphragm. The diaphragm 
is most effi cient when the lumbar spine is in its natural lordo-
sis in the seated or standing positions. An important goal of 
osteopathic management therefore is to restore lumbar lordosis 
to maximize diaphragmatic function. As important as the thora-
columbar junction is to diaphragmatic activity, similarly, normal 
lumbosacral mechanics are key for pelvic diaphragm function. 
With each breath, the sacrum should be able to oscillate in its 
articulation with the ilia. The second sacral segment serves as the 
attachment of the spinal dura, which is also attached fi rmly to 
C1, C2, and the occiput at the foramen magnum. Thus, somatic 
dysfunction of the lumbosacral spine and sacroiliac joints has an 
effect upon mechanics in distal spinal segments as well as in the 
cranium through this “core link” of spinal dura. (see chapter 48). 
Primary respiratory mechanism motions at the sacrum as well as 
the occiput are compromised by lumbosacral somatic dysfunction. 
Evaluating and treating the sacral and occipital somatic dysfunc-
tions using balanced ligamentous tension and osteopathy in the 
cranial fi eld techniques will improve the motions related to the 
primary respiratory mechanism and the natural respiratory mobil-
ity of the sacrum.

In addition to receiving OMM, patients can benefi t from regu-
lar cardiovascular exercise. There is evidence supporting the fact 
that patients with acute, nonspecifi c LBP who stay active have 
reduced pain and improvement in function compared to patients 
who receive bed rest (23).

Neurological Model

Neurogenic LBP is characterized by involvement of the nerve 
roots, cauda equina, or spinal cord. Symptoms include unilateral 
or bilateral radiation of pain or parasthesias distal to the knee, or 
muscle weakness, which may include loss of bowel and bladder 
sphincter control in the case of cauda equine syndrome. It is far 
less common than mechanical LBP and comprises approximately 

a patient may exhibit external rotation of the affected lower limb 
and range of motion testing may reveal decreased internal rota-
tion of the affected side. The sacrum is typically rotated anteriorly 
toward the ipsilateral side on a contralateral oblique axis, result-
ing in compensatory rotation of the lower lumbar vertebrae in the 
opposite direction (14).

Sacroiliac Joint Pain
Although the sacrum and sacroiliac joints are technically part of 
the pelvis, they warrant mention here since pain due to dysfunc-
tion of these structures can be diffi cult to distinguish from pain 
originating in the lumbar spine. In fact, the prevalence of sacroiliac 
joint pain, as established on the basis of clinical evaluation, var-
ies from 15% to 30% in patients with LBP (15). The sacrum is 
a triangular-shaped bone that is formed from the fusion of fi ve 
sacral vertebrae. It articulates with the ilium bones at the sacroiliac 
joints and fi fth lumbar vertebra via the last lumbar intervertebral 
disc and facet joints. The sacroiliac joints are L-shaped synovial 
joints that are stabilized by a combination of bony structure and 
strong ligamentous structures, including the anterior and posterior 
sacroiliac and sacrotuberous ligaments. As with the lumbar spine, 
injury, infl ammation, degeneration, and somatic dysfunction of the 
sacroiliac joints can result in LBP. Like mechanical LBP, sacroiliac 
pain can also be nonspecifi c and refer to a variety of places, includ-
ing the low back, buttock, groin, and lower extremity (16). The 
International Association for the Study of Pain suggests incorpo-
rating at least three selective sacroiliac joint stress tests in order 
to more clearly diagnose sacroiliac pain. These provocative tests 
include compression, distraction, thigh thrust, Gaenslen test, and 
Patrick sign. Lastly, performing a pelvic regional and segmental 
examination is useful in diagnosing sacroiliac and iliosacral somatic 
dysfunction that may be responsible for a patient’s LBP and ame-
nable to treatment with OMM.

Coccydynia
Coccydynia or pain associated with the coccyx (tailbone). The 
coccyx is located at the terminal end of the spinal column and 
is specifi cally attached at the distal sacrum. It usually consists of 
three to fi ve segments that may or may not be fused. Pain in this 
area is uncommon. The complaint of pain may follow from sacral 
trauma (falls onto the buttocks, post childbirth, severe cases of 
whiplash). Pain is made worse with sitting or having pressure 
applied to this area and is reduced or relieved with standing or the 
reduction of pressure to the coccyx. Treatments used to relieve the 
symptoms depend upon the knowledge base of the practitioner and 
include OMT in an attempt to reposition the coccyx to its normal 
position by using either direct or indirect MFR or an assessment 
and treatment of the sacrum and pelvis to correct any associated 
dysfunctions. Strain/Counterstrain, balanced ligamentous ten-
sion, or a direct pressure applied to the sacrococcygeal ligaments to 
relieve strains that might be present can be effective. Other tech-
niques utilized include hot packs, ultrasound (US), sitz baths or 
towels, acupuncture, and injections into the ganglion impar. Strate-
gies used to reduce the pain include the use of pillows or “donuts” 
to minimize the pressure against the coccyx and also the reduction 
of time spent in the seated position.

Psoas Syndrome
A chronic psoas spasm can create a persistent strain across the lum-
bosacral junction and impede resolution of lumbosacral somatic 
dysfunction in spite of OMT and exercises directed at the L-S 
region. Treatment of the psoas by relieving the thoracolumbar 
junction and upper lumbar somatic dysfunction and stretching a 
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Metabolic-Energy Model

The metabolic, energy expenditure and exchange perspective entails 
maximizing internal organ functions to support recovery from 
somatic dysfunction or pathological conditions causing or related 
to the LBP. Using analgesic medications such as NSAIDs to mod-
ulate the pain impulses facilitates healing by decreasing infl amma-
tion and allowing the patient to stay active and continue normal 
daily activities. Bed rest beyond three days is not recommended for 
patients with acute LBP as muscles begin to atrophy and weaken, 
impeding healing and recovery of normal function. Rheumatologic 
conditions are primarily managed with medications, though osteo-
pathic manipulation may have an adjunctive role (30). An infl amed 
joint, such as the sacroiliac joint (sacroiliitis) found in patients 
with ankylosing spondylitis, should not be manipulated with direct 
action OMT as this will aggravate the condition. However, OMT 
designed to improve lymphatic drainage of swollen joints without 
moving the joint, and nociceptor “afferent reduction” techniques 
such as functional, balanced ligamentous tension, and strain-coun-
terstrain may be helpful.

Behavioral Model

The patient evaluated has somatic dysfunction from mechanical 
LBP. LBP is one of the most common complaints in the outpatient 
clinic. With a lifetime prevalence of 49% to 70%, most adults will 
experience an episode of LBP at some point in their life (24). LBP 
is the third most commonly reported symptom, the second most 
frequent cause of worker absenteeism, and the most costly ailment 
of working-age adults in the United States (7). It causes more dis-
ability among working-age adults than any other disability and is 
the most common ailment of working-age adults in the United 
States (7). Some of the largest components of direct costs include 
physical therapy, inpatient care, pharmacy, and primary care (25). 
The economic burden of LBP, both in terms of direct and indi-
rect costs, is great. The combined direct and indirect costs due to 
LBP are estimated to be $50 billion (26). Incorporating OMM 
may allow the osteopathic physician to more effi ciently manage 
patients with LBP and therefore reduce direct costs. It may also 
help patients return to work earlier and experience a greater sense 
of satisfaction with their treatment (1).

LBP affects males and females of all ages, disabling those in 
the 35 to 54 years of age, and also is found in 30% to 50% of teen-
agers aged 13 to 18 (1,7). Risk factors for the development of acute 
LBP include increasing age, demanding physical activity (bending, 
twisting, and lifting movements and prolonged standing), and psy-
chological factors (work dissatisfaction or monotonous work) (1,7). 
The strongest known predictor of a future episode of LBP is the 
history of previous episodes (7). Fortunately, the majority of acute 
back pain cases resolve within 6 weeks, but one third may continue 
to have intermittent, episodic recurrences (7). When LBP becomes 
chronic in nature, typically lasting longer than 6 months in dura-
tion, certain risk factors may have a more important role. These 
include a prior episode of LBP, poor job satisfaction, smoking, and 
poor coping skills. Comorbid conditions are commonly found in 
chronic LBP patients, and psychological factors play a greater role 
than anatomical pathology in predicting persistent LBP (7,27).

Age is an important consideration when evaluating a patient 
with LBP. For example, the patient’s age in and of itself leads the 
physician toward a particular diagnosis. Because of the anatomical 
differences in the adolescent and adult spine, each is susceptible to 
different spinal pathologies. The adolescent spine is still growing 
and its primary and secondary centers of ossifi cation remain active, 

5% to 15% of LBP cases. Because it usually involves compression 
of a neural structure, it is typically associated with demonstrable 
pathology, including disc herniation or spondylosis. The two most 
common types of neurogenic LBP are lumbar radiculopathy and 
spinal stenosis. The prevalence of lumbar radiculopathy is approxi-
mately 3% to 5%, with L5 and S1 radiculopathies comprising 90% 
of all lumbosacral radiculopathies (20). Unlike mechanical LBP, 
in which pain is mediated by the anterior and posterior rami of 
the spinal nerves or sinuvertebral nerves, radicular pain is medi-
ated by the proximal spinal nerves. Radicular pain also differs 
from mechanical LBP in that the symptoms and signs are more 
specifi c and tend to point to a diagnosis of lumbar radiculopa-
thy. Patients describe radicular pain as “burning” or “shooting” in 
nature and traveling into the leg and foot, sometimes following a 
dermatomal distribution. Neural tension signs, such as the straight 
leg test, are helpful in determining if there is compression of a 
lumbar nerve root. The supine straight leg test has a sensitivity 
of 91% and specifi city of 26%, indicating that when it is negative, 
a diagnosis of lumbar radiculopathy can be reasonably excluded 
(21). Because spinal pathology is often present, MRI of the lum-
bar spine is useful. MRI has been shown to have a sensitivity of 
83% and specifi city of 78% when assessing for compromise of a 
neural structure in the lumbar spine (22). However, due to the 
fact that it is common to fi nd abnormalities such as bulging or 
protruding discs in asymptomatic patients, it is important to corre-
late imaging fi ndings with the history and physical examination. A 
detailed neurologic examination is imperative not only to establish 
a diagnosis, but to also evaluate for serious fi ndings that may war-
rant immediate intervention. These can include saddle anesthesia, 
bladder or bowel dysfunction, or progressive neurological defi cits 
in the lower limbs. These fi ndings must also be kept in mind when 
evaluating a patient with lumbar spinal stenosis, which is usually 
the result of spondylosis. Symptomatic lumbar spinal stenosis 
is characterized by neurogenic claudication, which is defi ned as 
aching pain in the lower limbs that is precipitated by walking or 
standing and alleviated with rest and fl exion of the trunk. Somatic 
dysfunction is often times present in patients with neurogenic 
LBP. It may be primary in nature or secondary to compression of 
lumbar spine nerve roots. In secondary somatic dysfunction, nerve 
root irritation and its associated spinal pathology may be caus-
ing spinal facilitation, which in turn leads to maintenance of the 
somatic dysfunction.

The neurological model takes into consideration the integra-
tion of central, peripheral, and autonomic nervous systems and how 
they may be impacted by somatic dysfunction. Since mechanical 
LBP is often due to somatic dysfunction, it improves with OMT. 
This, however, does not mean that neurogenic or nonmechanical 
LBP cannot be helped with OMT. In these situations, it can be 
helpful in addressing facilitated segments that are due to nonme-
chanical pathology. OMT can be helpful in providing information 
regarding the source of the referred pain. Addressing somatic dys-
function in these cases will ideally lead to a reduction in mechani-
cal stress and the nociceptive input associated with it. This in turn 
will potentially decrease peripheral sensitization and will in turn 
lead to decreased spinal facilitation and subsequent improvement 
in lumbar segmental motion. Also, with decreased pain, the patient 
may perceive less stress and achieve more balanced function of the 
autonomic nervous system and neuroendocrine immune network. 
The body will have a decrease in neuroendocrine activation of the 
hypothalamic-adrenal axis, resulting in decreased cortisol produc-
tion and sympathetic tone which will restore autonomic balance. 
The allostatic load will be diminished, leading to a restoration of 
homeostasis.
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and in the setting of trauma or signifi cant physical activity, this can 
predispose the adolescent to such spinal disorders as spondylolysis 
and spondylolisthesis, which can be a signifi cant cause of LBP and 
instability. On the contrary, an adult spine has a higher likelihood 
of having spondylosis which may or may not be related to the LBP. 
Females over 60 years old, as are those who are postmenopausal, are 
more prone to osteoporosis-related vertebral fractures as a cause of 
acute LBP.

The behavioral model also addresses the psychological status 
of a patient and how health may be affected by stress and environ-
mental and socioeconomic factors. It is particularly important to 
consider in patients with LBP. Systematic review has found psy-
chological and occupational factors to have the highest reliability 
among prognostic factors with LBP (28). These factors are impor-
tant to consider in patients with acute LBP, as they may predispose 
a patient to the development of chronic LBP. There is also strong 
evidence demonstrating that expectation of recovery is a predictor 
of work outcome in patients with nonspecifi c LBP (29). There-
fore, it is important to not only understand the life stressors and 
job satisfaction of patients, but also their expectations and goals 
with respect to recovering from LBP. Encouraging and assisting 
the patient in restricting abuse of tobacco and alcohol, engaging 
in regular exercises, and maintaining normal body weight range 
will aid in restoration of normal low back neuromusculoskeletal 
function.

PATIENT OUTCOME

After receiving OMT, the patient noted a reduction in his LBP. 
He was able to walk and sit without pain and no longer required 
the use of NSAIDs for pain relief. He was also able to once again 
sleep comfortably on his back and the right lower limb numbness 
had nearly resolved.

Treatment focused on resolving somatic dysfunction and 
addressing postural decompensation. Attention was given to 
restoring postural balance by correcting thoracic, lumbar, and sacral 
somatic dysfunctions. The patient’s sacral torsion and hypertonic 
piriformis muscle were treated. Physical therapy aimed at restor-
ing the fl exibility and strength of the psoas, erector spinae, and 
abdominal musculature facilitated restoration of the patient’s lum-
bar lordosis and he reported diminished tenderness in the area of 
the iliolumbar ligament.

An MRI of the lumbar spine showed a 2-mm broad based pro-
trusion of the L5-S1 disc with mild right-sided neuroforamenal 
stenosis at L5. EMG and nerve conduction studies were normal. 
Spinal somatic dysfunction improved with OMT, indicating no 
persistent viscerosomatic refl exes.

Treatment also addressed somatic dysfunction of the thoracic 
diaphragm and 12th rib, as well as surrounding structures connect-
ing the costal cage with the pelvis, including quadratus lumborum. 
This assisted in resolving somatic dysfunction within close prox-
imity to the lumbar region. At the same time, it also helped maxi-
mize respiratory and circulatory function and improve the delivery 
of oxygen and nutrients to and removal of metabolic wastes from 
the area.

Finally, stressors and ergonomic factors were considered in 
order to speed recovery and prevent future episodes of LBP.

SPECIALIST REFERRAL

LBP is one of the most common reasons for a visit to the primary 
care physician’s offi ce. However, even more so than the primary 
care physician, the spine or pain management specialist routinely 

evaluates and manages patients with LBP. Fortunately, 90% of acute 
LBP and 50% of LBP with radicular symptoms resolve within 6 
and 4 weeks, respectively (1). It is typically the patient who does 
not experience a resolution of his or her LBP who is referred to 
the physician specialist for further evaluation and management. 
Regardless of whether it is acute or chronic in nature, diagnosis of 
LBP is oftentimes complex and requires thorough knowledge of 
the functional anatomy of the lumbar region and pathophysiology 
of LBP. This must be integrated with an understanding of the risk 
factors associated with developing LBP and prognostic factors for 
recovering from it. For example, the overall health and well-being 
of a patient are important predictors of back pain (31). Additionally, 
the risk of developing LBP is approximately double for those with 
a history of LBP, indicating that it may be less likely to spontane-
ously resolve and more recurrent in nature than once thought (32). 
Therefore, when performing an evaluation, the physician special-
ist must not only have an appreciation for the complex etiology of 
LBP, but also the overall patient and his or her experiences with it.

When evaluating the patient with LBP, one of the most impor-
tant factors to consider is age. Because certain age groups are more 
prone to develop certain lumbar spine pathology than others, it is 
helpful to stratify a patient by age in order to simplify the potential 
causes of the LBP and eliminate more serious conditions, such as 
fracture, tumor, or infection. This may be particularly true given 
the fact that a clear diagnosis of LBP cannot be determined in 
85% of patients, given the poor association between symptoms, 
pathologic changes, and imaging results (33). Although the focus 
of this chapter is on the evaluation and management of LBP in the 
adult population, it is important to be able to recognize the primary 
causes of LBP in the adolescent patient, especially those actively 
involved in athletics. Unlike adults, it appears that adolescents, par-
ticularly those below the age of twelve, have an identifi able cause 
for their LBP 45% to 50% of the time (34). This is especially true 
for lumbar spondylolysis, which accounts for 47% of LBP in ado-
lescent athletes versus 5% in adult athletes (35). When evaluat-
ing an adolescent, it is therefore important to have a high index 
of suspicion for an identifi able cause of LBP and low threshold 
for ordering diagnostic imaging studies, including plain fi lms, CT, 
and MRI.

As with the adolescent patient, it is also useful for the physician 
spine or pain management specialist to identify as best possible 
the anatomical structure responsible for an adult patient’s LBP. 
This can be quite challenging due to the number of structures that 
can be involved, including lumbar spine musculature, nerves, discs, 
and zygapophysial joints. Like other regions of the spine, evalua-
tion should begin with a history and physical examination. This 
includes defi ning the duration, location, and quality of the LBP, 
as well as the factors that alleviate and exacerbate it. As mentioned 
before, it is valuable to gain an overall sense of the patient, their 
psychological health, and how they are functioning with their pain, 
since these infl uence their prognosis for recovery.

As mentioned in the differential diagnosis section, when char-
acterizing pain, it can be particularly helpful to distinguish it as 
being either mechanical or neuropathic in nature. Mechanical LBP 
is caused by involvement of the lumbar vertebrae, discs, joints, and 
myofascial structures, including muscles and ligaments. It is dull 
and aching in nature, exacerbated with prolonged standing or sit-
ting, and alleviated with rest. It is also typically associated with 
lumbar spondylosis and degenerative disease. In contrast, neuro-
pathic pain is shooting and stabbing in nature, radiates into the 
lower limb and foot, and is indicative of lumbar nerve root irrita-
tion or compression. This characterization can be useful, since neu-
ropathic or radicular pain may have a more defi nable cause, such 
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as a disc herniation, and requires different treatment (36). When 
performing the physical examination, the physician can evaluate 
for lumbar nerve root compression by performing a provocative 
maneuver such as the straight leg raise test. In fact, in a systematic 
review, the straight leg raise test was found to be one of the most 
sensitive tests for radiculopathy (37). Other important components 
of the physical examination include motor strength and sensory 
testing and lumbar spine range of motion. The osteopathic struc-
tural exam evaluates for asymmetry of structural position, altered 
range of motion, and tissue texture abnormalities or tenderness.

Although it is beyond the scope of this chapter, it is also essen-
tial to evaluate the hip and sacroiliac joints, since pain in the low 
back can be referred from these neighboring structures. After per-
forming a history and physical examination, diagnostic studies may 
be indicated to further aid in the diagnosis of LBP. The utility of 
MRI imaging is limited by the high prevalence of lumbar degen-
erative changes in adults without LBP. Research has shown that 
approximately 30% of adults without LBP have evidence of a pro-
truded disc and over 50% have bulging or degenerative discs (38). 
If the clinical picture is consistent with lumbar spinal stenosis, 
however, MRI of the lumbar spine can be useful in evaluating for 
spinal canal narrowing. In general, spinal imaging is typically only 
indicated if certain conditions are suspected, including fracture, 
neoplasm, infection, and cauda equina syndrome. Other studies, 
including lumbar discography and facet injections and electromyo-
graphy (EMG), can potentially be useful in confi rming a diagnosis 
in patients suspected of having involvement of specifi c anatomical 
structures, such as the intervertebral disc or nerve root. Lumbar 
provocation discography is potentially a useful tool in evaluating 
chronic lumbar discogenic pain (39). EMG can be used to assess 
the physiological status of the nerves innervating the lower limbs 
and diagnose lumbar radiculopathy. In addition to the history and 
physical examination, it can be helpful in distinguishing LBP that 
is radicular versus nonradicular in nature. This distinction, along 
with an assessment for somatic dysfunction and relevant imag-
ing studies, aids in more clearly identifying the cause of a patient’s 
LBP and instituting appropriate treatment.

After completing clinical and diagnostic evaluation and 
excluding signifi cant pathology, including cervical spine instability 
or an infectious, neoplastic, or infl ammatory process, the physician 
spine or pain management specialist utilizes a variety of modali-
ties to treat LBP, including medication, physical therapy, interven-
tional procedures, manipulative medicine, and referral for surgical 
consultation. When addressing chronic LBP that is nonradicular 
in nature, a multidisciplinary plan that combines pharmacologic 
and nonpharmacologic therapy is reasonable. Nonpharmacologic 
therapies with evidence of moderate effi cacy for chronic or sub-
acute LBP include cognitive-behavioral therapy, exercise, spinal 
manipulation, and interdisciplinary rehabilitation (40). Because of 
compelling evidence supporting its use in the treatment of LBP, 
OMM should be part of most LBP treatment plans (2). This may 
entail the physician performing OMM or referring the patient to a 
neuromusculoskeletal medicine specialist. Meta-analysis of clinical 
trials examining the effi cacy of OMM in the treatment of LBP 
has demonstrated decreased pain and use of medications when 
compared to standard medical care (2). Patients with LBP that is 
radicular in nature may benefi t from lumbar epidural steroid injec-
tion. Systematic reviews have demonstrated level II-1 evidence for 
lumbar transforminal injections providing short-term relief and 
level II-2 for long-term improvement in the management of lum-
bar radicular pain (41). There is however no evidence supporting 
the use of these injections in nonspecifi c LBP. Likewise, there is no 
strong evidence supporting the use of injections or radiofrequency 

denervation in the treatment of facet-mediated pain. If conservative 
treatment and interventional procedures fail, referral to a surgical 
specialist can be considered. This is especially true if the source of 
the patient’s LBP is clear. For example, in patients with lumbar 
radiculopathy, surgery can reduce pain and improve function, and in 
those with disc herniation, it can facilitate a quicker return of func-
tion. A favorable outcome appears to far less likely in those patients 
with chronic LBP and common lumbar degenerative changes who 
undergo surgical intervention (42). Ultimately, it is helpful for the 
physician to employ specifi c treatment if the etiology of a patient’s 
LBP is clear and a multidisciplinary approach that incorporates 
OMM if it is there is evidence of somatic dysfunction.

In July 2009, the American Osteopathic Association House 
of Delegates passed a resolution in support of submitting a pro-
fession-wide interdisciplinary Guideline for Utilization of OMT 
for patients with LBP. The guideline was based upon a systematic 
review and meta-analysis of randomized clinical trials of osteo-
pathic manipulation for patients with LBP (2), as well as two other 
clinical practice guidelines developed by interdisciplinary groups 
of physicians for treatment of patients with LBP developed by 
the U.S. Department of Defense and Veteran’s Administration in 
1999 (43), and the American College of Physicians and Ameri-
can Pain Society in 2007 (6). The AOA’s evidence-based guide-
line recommending that osteopathic physicians utilize OMT to 
treat somatic dysfunction found in patients with LBP is posted on 
the AOA’s web site, and an abstract is available at the Agency for 
Healthcare Research and Quality National Guidelines Clearing-
house web site (wwww.ngc.gov) (44).
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K E Y  C O N C E P T S

■ The osteopathic profession has supported research since its inception. It founded a research institute in the early 
1900s, and while its research efforts have at times been small, it has produced a wide range of research in both the 
basic and clinical sciences.

■ The osteopathic profession is entering an era of globalization of osteopathic research that promises to produce 
a wider variety of projects not only in the United States but also in several other countries with viable osteopathic 
movements. In addition, collaboration with other manual medicine professions promises to further expand the 
profession’s research reach.

■ Osteopathic research must be defined by the meaning of the research to osteopathic principles and practice. It is 
up to the investigator to define his/her research as osteopathically relevant by understanding osteopathic 
medicine sufficiently to make the connections between the research and osteopathic medicine.

■ It is important to make every attempt to familiarize scientists coming into the profession’s schools with osteopathic 
philosophy and practice, and for them to make the intellectually honest attempt to understand the profession. This 
will allow the profession’s scientists to orient their research to topics important to the profession.

■ The difference between a technique study and a treatment study is a very important distinction. In a technique 
study, the same thing is done to each patient, whereas in a treatment study, the physician treats what is found and 
uses the modality best suited to the patient.

■ The study question or hypothesis dictates the design of the study, and hence must be clear and concise. The 
design flows from the question, not the other way around.

■ The use of a sham control group in manual medicine studies must be carefully thought out. Improper use of a 
sham control can seriously weaken the study and may result in no significant outcomes. It must be realized that a 
sham using touch is actually a form of treatment, and is never neutral, so the comparison is one treatment against 
another treatment.

College of Osteopathy, and called for donations to fund it. The 
name was changed to the A.T. Still Research Institute in 1909, 
and about $16,000 was raised to support its efforts. It was not until 
about 1913, when the Institute opened in a dedicated building in 
Chicago, that research under Wilborn J. Deason began. Funding 
continued to be a problem even after Louisa Burns was appointed 
Director, and the Institute struggled to meet its modest needs, 
despite calls from the AOA for more research and support. Over 
the ensuing years, Burns produced a body of work investigating 
the effects of spinal “lesions” in a rabbit model. The results of her 
studies indicated that artifi cially produced strains of specifi c ver-
tebral segments produced a somewhat reproducible constellation 
of changes in function of organs and tissues innervated from the 
area of strain. These changes were later substantiated by Wilbur 
Cole using various neural stains (2). Burns published four books 
(3–6), a collected work (7), and several reports from the Institute 
that, unfortunately, are not widely available today but that contain 
much of value to the modern researcher. She continued her work 
until the early 1950s.

During the fi rst third of the 1900s, research in the profession 
was encouraged at several osteopathic schools (8). This research 
included studies on basic neural and physiologic mechanisms under-
lying somatic dysfunction and the effects of osteopathic treatment 
on symptoms and immune function. Much of this research would 
only be considered suggestive by today’s standards, but formed the 
basis for lines of study produced later within the profession.

DEVELOPMENT OF RESEARCH IN THE 
OSTEOPATHIC MEDICAL PROFESSION

Early Research (1874 to 1939)

Research began in the osteopathic profession before the formal 
inception of the profession itself. A.T. Still was a true researcher, 
practicing observation, questioning his observations, trying new 
ways of thinking, and refi ning his hypotheses about his practice. 
He did not do what would now be regarded as organized research, 
but in fact, he did research at the basic level in a way that is still 
at the basis of almost all medical research. He observed, studied, 
questioned, and constructed testable hypotheses. The ideas and 
philosophy that have become the osteopathic profession and that 
undergird much of the research in the profession today came out 
of his questioning.

Soon after Still founded the fi rst school in Kirksville in 1892, 
his students began to do formal research into the concepts he 
espoused. At fi rst, these research endeavors were mainly devoted 
to inquiries into the anomalies that became known as the “osteo-
pathic lesion,” which is now called somatic dysfunction. Skiag-
raphy, a crude form of x-ray, was used before 1900 to try to fi nd 
evidence of the structural abnormalities attributed to the osteo-
pathic lesion. Soon after, animal models were used to determine 
the actual physiologic effects of the palpatory fi ndings that made 
up the “lesion” (1). In 1906, the American Osteopathic Associa-
tion (AOA) formed a research center, the A.T. Still Postgraduate 
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Burnett Osteopathic Student Research Award and more recently, 
the Student Osteopathic History and Identity Essay Award. More 
importantly, the basis of research programs was established at many 
of the new schools and rejuvenated at some of the original schools, 
especially at Kirksville, where, beginning in 1970, Denslow and 
Korr oversaw the hiring of faculty specifi cally for research efforts. 
The Michigan State University College of Osteopathic Medicine 
formed a Department of Biomechanics specifi cally devoted to 
osteopathic research. Many of the other schools began to provide 
funds from their operating budgets to seed research programs and 
encouraged faculty and students to engage in research projects. In 
the early 1970s, NIH funding was awarded for the fi rst time in 
many years for research in an osteopathic school.

In the years of the 1970s and 1980s, funding for research at 
osteopathic institutions from sources outside the profession itself 
grew tremendously, with many NIH and other grants being 
awarded. With encouragement from the Bureau of Research and 
individual schools, several osteopathic students undertook joint 
DO, PhD studies designed to further careers as clinician research-
ers. Many of these students have entered successful research 
appointments at osteopathic or other institutions.

Also in the decade of the 1990s, research requirements were insti-
tuted in many osteopathic residency programs. These requirements 
were aimed at familiarizing the residents with research methods and 
thinking, and have been expanding into some of the Osteopathic 
Postgraduate Training Institutes within the profession.

Thus, in the beginning of the 21st century, the amount of 
research being accomplished in the osteopathic profession was at 
an all-time high. However, a step was missing.

The Fourth Period of Research (2001–2007)

The research efforts in the profession by 2000 were both at an all-
time high and increasing rapidly as research efforts at schools and 
at hospitals reached maturity and gained recognition. However, the 
profession lacked another element that had characterized many 
research efforts sponsored by the NIH. In the 1980s and 1990s, 
the NIH had sponsored a series of centers of excellence as foci for 
directed research efforts around the nation. The research efforts 
of the osteopathic profession had not yet matured suffi ciently to 
support such an endeavor. By about 1997, several organizations in 
the profession, including the Louisa Burns Research Committee of 
the American Academy of Osteopathy (AAO), the AOA Bureau 
of Research, the American Association of Colleges of Osteopathic 
Medicine, and others, were beginning to discuss the formation of 
such a center. By 1999, it had become evident that NIH fund-
ing for such a center would probably not be available and that the 
profession would have to commit funds from its own resources. 
By 2000, funds had been secured for this enterprise, and requests 
for a center were sent to the Osteopathic Medical Schools. Five 
schools responded with plans for developing a center for osteo-
pathic research. The award, announced at the AOA Research 
Conference in October 2001, went to the College of Osteopathic 
Medicine at the University of North Texas Health Science Center. 
The Texas school had been building its research infrastructure for 
several years and had a solid research record. The development of 
a center sponsored by the profession itself and devoted to research 
in manipulative medicine is the logical next step in the develop-
ment of a mature research enterprise in the osteopathic profession. 
This center has now become a coordinating and centralizing force 
in developing mature research efforts into the fundamental ques-
tions facing the profession. It is attracting national funding and 
fostering collaboration within the osteopathic research community. 

The Second Period of Research (1940–1969)

In 1938, J.S. Denslow began a path of inquiry that would lead to a 
program of research that literally defi ned the modern research era in 
the profession. He became convinced that to bring increased credibil-
ity to the profession, research based on the latest research standards 
and published in highly recognized journals would have to be done. 
This research would have to show the basic mechanisms underly-
ing the osteopathic lesion (9). He received training from interna-
tionally known biomedical scientists, including Ralph Gerard, and 
began a program of studies aimed at understanding the character-
istics of muscle activity in relation to palpatory diagnosis. Joined by 
I.M. Korr in 1945, and by several others at Kirksville, they expounded 
the concept of the facilitated segment (10–12). This conceptual 
framework was to dominate much of the osteopathic thinking about 
the basis for palpation and treatment to the present day.

During the 1950s and 1960s, the research base of the profes-
sion did not expand greatly. The Bureau of Research, founded by 
the AOA in 1939 to fund research projects, supported fl edgling 
efforts at several schools, but except for the Denslow/Korr proj-
ect, no research efforts of a full project nature were begun. Several 
studies, such as those on joint mechanics (e.g., Beckwith), were 
published (13), but in general, research in the profession progressed 
slowly during this time. After World War II, the profession was 
busy training a fl ood of returning soldiers and adjusting to the new 
postwar world.

However, in the late 1950s, a threat to the life to the profession 
emerged. Culminating in the merger of the California Osteopathic 
and Medical Associations in 1962, the danger that the profession 
would be eradicated by takeover was very real. The years from 1960 
to 1969 were years of uncertainty about the profession’s future. 
However, determined that it would not be taken over, the pro-
fession rallied. In 1969, a new osteopathic school was founded in 
Pontiac, Michigan, as the fi rst of 10 new schools founded between 
1969 and 1980. The threat of death by merger was over, and the 
profession began a period of expansion and organizational prosper-
ity unparalleled in its history.

Unfortunately, it was during this period of uncertainty and 
threat that the profession missed out on the tremendous expansion 
of biomedical research facilities and effort that resulted from World 
War II. The expansion of the National Institutes of Health (NIH), 
with its emphasis on biomedical research and its funding of new 
laboratories and programs, fueled an explosive growth of the bio-
medical research community in the United States. The osteopathic 
profession was unable to take advantage of this early expansion. By 
the time new schools with university bases were established in the 
1970s, this fi rst wave of biomedical research expansion was over.

The Third Period of Research (1970–2000)

With the founding of new schools and expansion of the fi ve 
original schools remaining after the California merger (Kirksville, 
Chicago, Kansas City, Philadelphia, and Des Moines), the profes-
sion fi nally achieved a base for producing increased amounts of 
research. The schools began to hire more research-trained faculty, 
and the political arms of the profession began to more actively 
encourage research endeavors. The AOA began actively promoting 
research through the Bureau of Research and the annual Research 
Conference. Awards were established to honor research produc-
tivity, such as the Louisa Burns Award (1969), the Gutensohn/
Denslow Award (1984), and the Korr Award (1999). Student 
research efforts were recognized as vital and began to be encour-
aged more actively with, for example, the establishment of the 
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a condition for whether students are to be included in a research 
project. Whether research is “osteopathic” or not has both politi-
cal and practical implications. In this regard, several defi nitions of 
osteopathic research have been put forward at various times.

Research Under Osteopathic Auspices

Perhaps the broadest defi nition is that osteopathic research is any 
research done under osteopathic auspices. This defi nition implies 
that any research, basic or clinical, no matter what the subject mat-
ter, is osteopathic when performed at an osteopathic institution or 
under the control of an osteopathic institution. Under this rubric, 
research on any topic could be considered osteopathic. This is obvi-
ously too broad.

Research on Topics of Special Interest to the 
Profession

Some topics in biomedicine have historically been of greater inter-
est to the osteopathic profession than others. For example, the 
actions of the nervous system in controlling various autonomic 
functions and the effects of manipulative treatment on immune 
function have been topics of investigation for many years. At times, 
efforts have been made to defi ne lists of such topics as the ones that 
defi ne osteopathic research. The problem here is that new avenues 
of inquiry are constantly being found that apply to the clinical and 
theoretical topics of the profession, and no one list can be devised 
that will cover or predict them all.

Research on Osteopathic Manipulative Treatment

Defi nitions of osteopathic research have at times been restricted 
to those studies attempting to determine effi cacy or value of 
osteopathic treatment. This approach leaves out the entire area of 
mechanism inquiry that seeks to explain the basis of treatment effi -
cacy. Obviously, this is too narrow a view. In addition, research into 
mechanisms of action and underlying process is becoming increas-
ingly emphasized by the NIH.

Any Research into Biologic Mechanisms, Because 
Osteopathy Is Holistic, Therefore Encompasses 
Everything

Although ecumenical, this is not a defi nition because it says nothing. 
It would assume that there are no basic theoretical underpinnings to 
the osteopathic philosophy or practice that have or should be iden-
tifi ed, thus that there is no defi nition of osteopathic medicine. If this 
were so, there would be little basis for the profession to exist.

A New Defi nition of Osteopathic Research

Attempts to defi ne a priori the scope or type of research that is 
considered osteopathic seem doomed to failure. However, perhaps 
there is one way to determine whether research is osteopathic: 
To require the investigator to explain how the hypothesis and 
expected fi ndings of their research would be relevant to the theory, 
mechanisms, or practice of osteopathic medicine. That is, investi-
gators must have suffi cient understanding of the basic principles 
of osteopathic medicine to explain how the interpretation of their 
data would impact osteopathic medicine. They must know enough 
about the perspectives of the profession, its theoretical basis, and/
or its clinical practice to coherently build bridges from their studies 
to the profession. If they cannot do that, then, although their data 

Another successful research center has appeared at the A.T. Still 
University in Kirksville. This center, funded mainly by internal 
funds, has sponsored several successful research efforts and recently 
published the outline of a large, multicenter trial of the effects of 
osteopathic manipulative treatment (OMT) on pneumonia in the 
elderly, the MPOSE study (14).This study has now been com-
pleted and results are being evaluated.

The Fifth Period of Research (2008 Onward)

The profession is now entering a fi fth period of research devel-
opment. This period is characterized by increased participation 
in research funding by osteopathic foundations and by the entry 
into the research arena of international players and other manual 
medicine professions. The Columbus Osteopathic Heritage Foun-
dation has for several years been providing grants and endowments 
to various osteopathic schools and other organizations. It and other 
osteopathic foundations are now taking a major role in evolving 
plans for more organized and multicenter research programs. This 
centralizing effort along with the research centers that were devel-
oped over the fourth period will greatly enhance the ability of 
the profession to actively pursue research vital to the osteopathic 
profession.

Over several years, research has quietly expanded to osteopathic 
movements around the world. In the past 20 years, osteopathy has 
literally exploded in Europe and even Russia and Japan, to name 
a few of the prominent countries. Now many of these osteopathic 
movements are developing research programs that are adding to the 
fund of osteopathic research knowledge. Much of this research effort 
is directed to the core aspects of osteopathic practice, since most of 
the osteopathic movements outside the United States are manipu-
lative only schools; their practitioners are not licensed to practice 
the full scope of medicine, but only manipulative treatment.

A third characteristic of the dawning fi fth period is increased 
multidisciplinary cooperation. In March 2008, an international and 
interdisciplinary symposium was held in Texas under the auspices 
of the Texas Osteopathic Research Center. Funded by the NIH, 
various osteopathic foundations and the funding organizations for 
the Chiropractic, Massage Therapy and Physical Therapy profes-
sions, this conference represented a breakthrough in interprofes-
sional cooperation. Scientists and clinicians from the United States 
and several foreign countries met to discuss data bearing on manual 
therapy and treatment, and the latest fi ndings on somatovisceral 
interactions. There will be a book published on the conference. This 
spirit of increasing globalization and interdisciplinary cooperation 
between various manual medicine professions is a necessary part of 
increased understanding of the effi cacy and mechanisms of OMT.

Thus, the next phase of research development in the osteo-
pathic profession has begun. This chapter will provide information 
on the basics for conceptualizing research on topics germane to 
osteopathic medicine and some of the challenges faced by investi-
gators designing research in these topics.

WHAT IS OSTEOPATHIC RESEARCH AND 
WHO DOES IT?

A defi nition for osteopathic research has eluded politicians and 
osteopathic researchers since its inception. Why would this question 
be asked? It is often asked in regard to whether a research project 
should be funded by an osteopathic funding agency, such as the 
AOA Bureau of Research. It may be asked to determine whether 
research should be included in osteopathic publications. It can be 

Chila_Chap70.indd   1023Chila_Chap70.indd   1023 8/6/2010   1:34:10 PM8/6/2010   1:34:10 PM



1024 V • APPROACHES TO OSTEOPATHIC MEDICAL RESEARCH

Although much has been accomplished in this area, the cadre 
of trained clinical and basic science investigators must be expanded 
to those who understand the principles and clinical experiences of 
osteopathy so that they can frame their research questions in the 
light of osteopathic clinical experience and theory. Without this 
understanding, data will not be examined from the perspective of 
osteopathic treatment and insight.

ETHICAL CONSIDERATIONS IN OSTEOPATHIC 
RESEARCH

Human Subjects Protection

Since the end of World War II, there has been a growing under-
standing of the problems associated with the ethical considerations 
of research on both human and animal subjects. The horrible 
experiments performed by physicians on prisoners in the Nazi 
concentration camps sparked reforms and regulations to control 
human medical experimentation. Coming out of the Nuremberg 
Trials and codifi ed in the 1964 Declaration of Helsinki, these regu-
lations have been the subject of continuing review, refi nement, and 
discussion since then (19–21). The researcher who contemplates 
doing research in osteopathic topics must be aware of and abide by 
the current human subject regulations. Not only is this the law, but 
it is the moral and just thing to do. In fact, no reputable journal will 
publish results of a human study without evidence that applicable 
human subject guidelines have been scrupulously followed.

The novice investigator must be familiar with not only the prin-
ciples of ethical treatment of subjects, but also with the procedures in 
effect in the institution where the research will be done. In the event 
that a private physician wishes to conduct human subject research 
in a private offi ce, the research must fi rst be approved by an appro-
priate human subjects review board, usually known as the institu-
tional review board (IRB). The IRB is a governmentally sanctioned 
body whose members are appointed by the institutional executive in 
charge of research and the President or CEO of the institution, and 
must include individuals with specifi c interests, including a person 
who has no other affi liation with the institution.

INSTITUTIONAL REVIEW BOARD AUTHORITY

The IRB has the authority to deny or approve any research pro-
posal involving human subjects. The main purpose of the IRB is 
to protect the safety of the subjects. It can stop ongoing research 
if it deems protection not suffi cient or uncovers problems in the 
research. When applications for research are submitted to the IRB, 
the application can receive expedited review if certain conditions 
are met, such as that the research uses only data collected in the 
normal course of offi ce practice and that are not identifi ed with 
a patient. However, it is not up to the investigator to determine 
whether the research is exempt, can have expedited review, or must 
undergo full review. Case reports and retrospective reviews of cases 
(see discussion below) seen in the routine offi ce practice do not 
generally need IRB approval unless the patient is identifi ed or if 
written permission is given prior to release of any information.

MAJOR INSTITUTIONAL REVIEW BOARD 
CONSIDERATIONS

The major factors in human subject research include:

■ Informed consent
■ Confi dentiality statements
■ Risk

may be interesting, important, and even cutting edge, it is not 
osteopathic. Perhaps someone else can build those bridges, but 
until that happens, it is not osteopathic research.

It is of great value to have physician researchers and PhD research-
ers who expend the time and intellectual energy to understand the 
profession’s theoretical and clinical perspectives, because the results 
of any study must be interpreted within some context. If the context 
is that of osteopathic medicine, the data are much more likely to be 
correctly used in understanding the profession’s basic questions.

Thus, anyone can do osteopathic research, provided that they 
make the intellectual effort to become familiar with the profession’s 
clinical, theoretical, and/or historical experience. Otherwise, they 
are doing interesting research that must be interpreted by others to 
be useful to the osteopathic profession. The burden of proof that 
research is osteopathic lies with the investigator.

HOW DO RESEARCHERS BECOME AWARE OF 
THE THEORY OR CLINICAL ASPECTS OF 
THE PROFESSION?

Although trained osteopathic physicians can be expected to be 
familiar with the background necessary to relate research fi ndings 
to their profession, such is not the case with many basic scientists 
(including many currently at osteopathic institutions) or researchers 
outside the profession. Cultivating basic scientists who understand 
the clinical tenets of the profession and training basic scientists 
to gain such understanding pays off in increased theory building 
and data interpretation. One excellent way to begin the process of 
understanding osteopathic principles and practice is to ask PhD 
and other non-DO faculty to attend OMT courses. Experience in 
learning and receiving manipulative treatment is also an enlight-
ening experience. However, researchers are trained to investigate 
new areas of knowledge and to ask questions of those areas. Basic 
scientists and others within the profession can easily access books 
and journals relevant to their osteopathic understanding. This book 
is a good start in that journey. A second source is the Journal of the 
American Osteopathic Association, where reviews, original research 
articles, and case studies are available. Other sources, such as Still’s 
Autobiography (15) or his Osteopathy Research and Practice (16), 
are useful. Other books, such as Northup’s books on the profes-
sion (17) and research (2), are useful in helping the basic scientist 
understand the profession.

As much as the researcher must be expected to fi nd and read 
materials pertinent to his or her understanding, so must those 
knowledgeable in the profession be willing to help promote the 
necessary understanding. Osteopathic physicians and students 
must be willing to discuss their beliefs and clinical observations 
with often skeptical scientists. The experience of the 1989 AAO 
symposium (18) is illustrative of this point. Several internationally 
known basic scientists were assembled for 2 days of discussion prior 
to the symposium itself. They questioned the attending osteopathic 
physicians about the experiences of the profession and consented 
to having OMT. Rather than being antagonistic to the largely 
anecdotal clinical observations, they were uniformly supportive 
and excited by them. Several altered their prepared talks to refl ect 
their new understanding and have maintained active contact with 
the profession since. In fact, one is actively training DO students 
in his laboratories. A similar although more limited experience 
occurred at the 2008 International Symposium between scien-
tists and clinicians. Active and open communication about ideas 
most often leads to exciting opportunities. Thus, the development 
of basic scientists who understand the osteopathic profession is a 
two-way street.
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who wishes to use animals in research must fi rst successfully seek 
ACUC approval. As with the IRB, each ACUC has latitude in its 
procedures about which the investigator must be informed. Again, 
as with human research, the investigator must be meticulous in 
following animal care and use guidelines: fi rst and foremost, for 
moral and ethical reasons but also because humanely treated and 
well cared for animal subjects provide more reliable information. 
(For more information on animal care and use guidelines, visit the 
NIH Offi ce of Animal Care and Use site at http://oacu.od.nih.
gov/.) Another useful site is the American Association for Labora-
tory Animal Science site at www.aalas.org or the AAALAC site at 
www.aaalac.org.

Applying for Institutional Review Board or 
Animal Care and Use Committee Approval

The process for applying for research approval for either human or 
animal research is determined by each committee. Some commit-
tees meet monthly or more often; others meet on call. However, at 
the least, each protocol submitted for IRB or ACUC approval will 
have to contain the following elements:

■ Background literature review
■ Justifi cation for the project
■ Hypothesis to be tested
■ Complete description of the methods to be used
 ■  Evidence that animals will be legally obtained and humanely 

housed
 ■  Evidence that precautions will be taken to minimize any nec-

essary pain or suffering
 ■  Evidence that other alternatives to animal use are not avail-

able
 ■ Data to be collected
 ■ Statistical methods for analysis
 ■ Any pilot data available

These items represent a fair amount of work that must be done 
prior to submitting a protocol for review. It also means that the 
investigator will fi nd it necessary to think through the studies prior 
to getting approval. The appropriate approvals are also necessary 
before funds are awarded for the proposed research from govern-
ment agencies.

TYPES OF RESEARCH IN OSTEOPATHIC 
MEDICINE

Basic Science

Within the purview of osteopathic research, there are several valid 
types of studies. Perhaps the most basic is research that fl ows from 
basic science studies. This research includes studies designed to 
defi ne the basic functions of the body and mind, and explain how 
they interact with the environment. These studies are mainstream 
biomedical research. An increased understanding of the human 
organism and its function is invaluable in validating osteopathic 
practice. The osteopathic profession must therefore nurture the 
basic sciences, but the links between basic research and osteopathic 
philosophy and practice must be made.

Basic Research in Other Institutions and Professions

Basic science has been performed for many years in most biomedical 
facilities and research institutes. Most basic research relevant to the 
osteopathic profession is done not in the educational institutions 

■ Absence of coercion
■ How subjects will be obtained and paid for service

One of the cornerstones of human subject protection is the prin-
ciple of informed consent. This idea holds that the subject be 
informed of the study fully and completely and be able to give free 
consent to participation. If the subject is a minor, incapable of giv-
ing consent due to mental or other disability, or a prisoner, special 
and specifi c protections are specifi ed.

The principle of subject confi dentiality is another vital concern. 
The subject’s confi dentiality is to be protected and not divulged 
without the subject’s written consent. Thus, medical and research 
data are considered private matters when linked to an identifi able 
subject. Data are usually coded in such a way that they cannot be 
linked to a particular patient, and great care must be taken that 
no such link can be inferred. The recently enacted HIPAA stan-
dards must be followed to protect patient privacy and confi dential-
ity. (See http://www.hhs.gov/ocr/hipaa/ for more information on 
HIPAA.)

Risk to the patient is another factor in human research. Risk 
to a patient runs from essentially nonexistent to grave. If the risk is 
anything but incidental, the subject must be fully informed of that 
risk and have every option to decline participation. The risk must 
also be justifi ed by potential gain, perhaps not to the individual 
subject, but to the fi eld. This assessment is diffi cult to make, and 
the investigator must therefore justify the study well.

Absence of coercion is a complex topic that is often debated 
in study design. Is providing a monetary incentive to a subject for 
time taken by the study coercion? Is the investigator using force of 
personality or doctor–patient relationship to coerce the subject to 
enter the study? These questions are diffi cult to quantify, and the 
committee and investigator must consider them carefully.

IRBs are usually in existence in osteopathic medical schools 
and in many hospitals. Each IRB is allowed operating discretion 
within established NIH guidelines as to how it reviews protocols. 
Some IRBs meet on a regular basis and others are on call. The 
potential investigator is responsible for fi nding the protocols used 
by the appropriate IRB and fully following these regulations.

It cannot be overemphasized how important it is to be cog-
nizant of current guidelines for human subject protection and to 
fully adhere to them. (For current and full information, including 
downloadable human subjects research guidelines, go the NIH web 
site at: http://ohsr.od.nih.gov.)

Animal Protection

No less important in research on human subjects is the protection 
of subjects in animal research. As is evident from the media, animal 
rights have become a volatile issue in much of the world. Some of 
the emotion surrounding animal rights obviously stems from the 
fact that animals cannot give informed consent or judge risk in a 
study. In addition, by its nature, animal research often ends in the 
subject’s death. For these and other reasons, some groups use vio-
lence to attempt to stop animal research.

Not unlike human subject protection, a well-defi ned, protective 
structure has been implemented by the NIH and other groups, such 
as the American Association for Assessment and Accreditation of 
Laboratory Animal Care (AAALAC), have promulgated guide-
lines and rules for the proper use of animals in research studies. 
The Animal Care and Use Committee (ACUC), a governmen-
tally mandated body, enforces these rules at research institutions. 
Like the IRB, the ACUC has the authority to shut down research 
not in compliance with applicable regulations and must approve 
all animal research prior to its start. The osteopathic researcher 
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Thus, the osteopathic profession must continually examine 
its theories and subject its explanations to close scrutiny. The vast 
body of clinical evidence demonstrates that the precepts of the 
osteopathic profession are sound. However, often the profession 
embraces explanations that are not solidly research based. The 
result is theory taken for fact with further exploration of alternative 
theory or factual basis effectively stymied.

Synthesis and Meta-Analysis Research

Two types of scholarly activities that can be of immense benefi t to 
any area are the synthesis review and the meta-analysis. Synthesis 
papers are efforts to review and critically analyze an area or fi eld of 
study. In this type of work, the author would select a topic area for 
analysis and review all available work in that area. Although the 
review is in itself important, a synthesis then analyzes the work 
that has been done and attempts to fi nd common themes, areas 
of agreement or disagreement, and then builds a hypothesis as to 
what the accumulated knowledge of the area is saying. This type 
of paper can often point to why seeming contradictions between 
studies exist, what studies should be done to fi nalize questions in 
the fi eld, and so forth. Early in my career, we did such a synthesis 
for the fi eld of spinal cord learning (26). The insights from that 
activity directed spinal cord plasticity research for many years—
not only in our laboratories, but in other laboratories (27). Often, 
a good synthesis of an area will open the area for more intensive 
study and can be an impetus for real advances in an area that was 
seemingly uninteresting or fi lled with confl icting data.

The meta-analysis is another useful tool for research. This 
analysis attempts to accumulate all studies in a fi eld that are 
deemed suffi ciently rigorous and determine the combined power 
of the results. In this way, by statistically combining smaller stud-
ies that are not particularly convincing by themselves, it is often 
possible to achieve suffi cient statistical or analytical power to have 
confi dence in the phenomenon being investigated. Such an analy-
sis was done on the area of spinal manipulation for low back pain 
and resulted in acceptance of that modality as effective treatment 
for acute low back pain (28). An analysis of spinal palpatory pro-
cedure validity and reliability is currently under way at the Center 
for Complementary and Alternative Medicine at the University 
of California Irvine College of Medicine, and is sponsored by the 
trust fund acquired by that school when the California College of 
Osteopathic Medicine became the University of California Irvine 
College of Medicine in 1962. More information on procedures of 
meta-analysis can be found in many statistical texts (29).

Qualitative Studies in Osteopathy

Valuable information can often be gathered by means of surveys 
and interviews. Such studies, although not experimental, are often 
the only way to fi nd trends in populations, practice distributions, 
or to gather the collected thought of experts in a fi eld. Often, 
surveys seem simple and easy to perform. The investigator must 
only write down a few questions on a topic and send them out to 
some selected individuals and wait for the returns. Such simplicity 
is illusory. Good surveys must be well planned and executed. The 
topic must be carefully framed and the questions prepared with 
precision. Pitfalls in the use of surveys include poorly framed ques-
tions, problems in determining to whom the survey should be sent, 
poor return rates, and others (29). Prior to instituting a survey, an 
investigator must consult texts and/or experts in survey design and 
procedure. Within the osteopathic profession, Johnson and Kurtz 
(30–32) have performed several surveys addressing such issues as 

of the profession but in other biomedical settings. The amount of 
research that can be supported directly by the profession is small 
compared with the amount of such research performed around 
the world. The total amount of funding available from within the 
osteopathic profession for support of its research programs is less 
per year than the annual budgets of many individual laboratories 
outside the profession. This suggests two things. First, maximal 
use must be made of data from laboratories outside the profession. 
Osteopathic researchers and clinicians must cultivate interactions 
with biochemical researchers at other institutions who can sup-
ply data and interpretations. Second, the limited resources of the 
profession must be put into research endeavors that provide the 
greatest return in explaining osteopathic experience and theory. 
This requires, as stated above, that investigators within the osteo-
pathic profession understand the unique and defi ning concepts of 
osteopathy within which to interpret their fi ndings. Without this 
understanding, the investigator is unable to interpret the fi ndings 
in ways that are useful to the profession, and a large part of the 
research investment is lost.

The use of data from laboratories outside the profession is cer-
tainly a very useful and fruitful endeavor. We have made use of this 
mechanism in proposing mechanisms for the facilitated segment 
(22). However, care must be taken in using data generated in stud-
ies not specifi cally designed to answer the question to which the 
data are now being applied. Unless the limitations and specifi cs of 
the data are well known, implications can easily be made that are 
beyond the scope of the data and hence potentially misleading. It is 
important to realize these limitations, but to use data and sources 
from outside the profession whenever possible. Such was the case 
when the AAO commissioned two international symposia held in 
1989 and 1992, which resulted in proceedings publications (18,23) 
that have been very useful in informing the profession of possible 
mechanisms for clinical phenomena and the results of manipula-
tive treatment.

Integrative Model Building: Integrating Basic 
Science and Clinical Observation

A second type of research activity necessary within the profession 
is the integration of basic science knowledge and clinical observa-
tion. This endeavor is extremely valuable and potentially dangerous. 
A recent article by Van Buskirk (24) illustrates such research. In this 
article, Van Buskirk builds a theoretical model of somatic dysfunc-
tion based on nociceptive input. He marshals an impressive array of 
basic science data and synthesizes it in a unique way from his clini-
cal understandings and observations. The result is a well-grounded 
look at one of the central concepts of the osteopathic philosophy of 
health and disease. This is the valuable aspect of the article.

The dangerous part is that the model will be taken as fact. Van 
Buskirk goes to great lengths to point out that the model seems to 
be explanatory but still needs to be subjected to rigorous research 
verifi cation and clinical observation before it can be accepted as 
proven. Unfortunately, the pioneering models that came out of the 
research of Korr and Denslow (11,25) suffered from being taken as 
factual explanation rather than as models in need of experimental 
verifi cation. Once a model has been accepted as truth, the per-
ceived need for further research or theory is impeded or stopped, 
and the model becomes accepted as truth. This can be disastrous 
if the model is then shown to be erroneous or incomplete because 
there are then no alternatives to take its place. Integrative model 
building provides much needed direction for both basic and clini-
cal research but must not be taken at face value without verifi cation 
and experimental testing.
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Depending on the aspect of manipulation to be studied, different 
experimental designs will be employed. Too often, investigators fail 
to distinguish between these three entities and hence have diffi -
culty determining the correct experimental design for their study.

MANIPULATIVE TECHNIQUES

One of the most illustrative studies of manipulative technique is 
the Irvine study, performed by Buerger and colleagues (36,37) at the 
School of Medicine at the University of California, Irvine, in the 
late 1970s and early 1980s. They wished to determine the effects 
of a single lateral recumbent roll (high-velocity/low-amplitude 
thrust) on low back pain. The study was elegantly designed and 
executed, with a result that showed an immediate effect of the lat-
eral recumbent roll on certain measured variables; simply position-
ing the patient for a lateral recumbent roll and omitting the thrust 
did not provide the same changes. After a few weeks, however, no 
differences between the experimental and control groups remained, 
probably the result of the nature of the presenting complaint, 
which has a natural history of relief in a few weeks. Nonetheless, 
an immediate effect of the thrust was seen. The point missed by 
many readers was that the investigation was not of OMT but of a 
treatment technique.

THE IRVINE STUDY COMPARED WITH CLINICAL 
TRIALS OF MEDICAL INTERVENTIONS

In many ways, the Irvine study was similar to drug studies. One 
specifi c manipulative technique was used on each patient in the 
experimental group (and not in the control group), the patients 
were blinded to whether they received manipulation, and measur-
able variables were used. In the typical drug trial, the specifi c effects 
of a certain chemical compound on the course of a specifi c set of 
symptoms are studied. The design of the study controls for other 
factors that might cause a change in the outcome. This is a legiti-
mate model for the study of a specifi c technique within manipula-
tive treatment. If the intent of the study is to determine the effect of 
a specifi c and repeatable manipulation, the research design should 
emulate the design of a drug trial, including attempts to blind the 
patient to whether the technique was delivered. Such studies are 
useful in instances where there may be reason to suspect that a spe-
cifi c manipulative technique would change a particular condition. 
Great care must be taken to control for the actual presenting com-
plaint, whether the patient has knowledge of manipulation, and the 
actual delivery of the technique to make certain that it is given in 
the same way to each patient.

Such studies can be useful as long as it is recognized that the 
study’s purpose is to evaluate the effect of a specifi c, single, or small 
group of physical manipulations on a specifi c condition. Another 
recent example of this design was published by Wells et al. (38), 
who looked at the effects of a set of standard manipulative tech-
niques on gait parameters of patients with Parkinson disease. They 
found that the standardized techniques produced increased perfor-
mance in various aspects of gait in these individuals. Such designs, 
performed correctly, give information on the effects of a technique 
on some aspect of patient function.

STUDIES OF MANIPULATIVE TREATMENT

This type of research is used to study the effects of OMT on one or 
more measurable patient parameters. The research design and the 
goals are somewhat different from those used in technique stud-
ies. Korr (39) has elegantly reviewed these differences. Osteopathic 

student interests and the use of manipulative treatment. These 
studies have provided a baseline for the use of osteopathic manipu-
lation in the profession and are invaluable in charting future direc-
tion within the profession. These surveys are excellent examples of 
well-done and analyzed survey studies.

Another instrument that can provide valuable information 
is the collection and analysis of expert interviews or writings of 
often long-departed authors. These methods also often seem 
deceptively simple. In fact, as with surveys, interviews with experts 
require extensive preparation and careful planning. Both directed 
and open-ended questions may be asked and answers recorded for 
later transcription, or the expert may be asked to write on prede-
termined topics. In any event, the answers must be carefully ana-
lyzed for content and other information. The analysis of writings 
by departed authors can be valuable in translating what may now 
seem to be arcane jargon into terms understandable in today’s ter-
minology. For example, why did Still put so much emphasis on the 
fasciae of the body? What did he mean by such terms as “fl uids of 
life?” To understand these ideas in the way in which Still did, it 
would be necessary to fi nd the meaning of those terms in the late 
1800s, as well as to look at the context in which he used them. Vari-
ous means of content analysis are available to help in such a task 
(34). Both interview analysis and writing analysis can be of great 
value to osteopathic understanding. A particularly good example 
of such work can be found in Jane Stark’s (35) recent book, Still’s 
Fascia. This book came out of a particularly comprehensive thesis 
done by Stark for her Canadian osteopathic degree and analyzes 
Still’s ideas on fascia in light of his background and his times.

Epidemiology and Outcome Studies

Epidemiologic studies have not been widely used in the osteopathic 
profession. It should be noted, however, that there are some very 
important epidemiologic topics awaiting study. Because epidemi-
ology refers to the study of patterns of health and disease and what 
infl uences these patterns, those infl uences on health and loss of 
health that are of particular interest to osteopathic medicine should 
be subjected to such studies. One of the most important such study 
would be the incidence and natural history of somatic dysfunction 
in normal populations and various subpopulations with defi ned 
illness. As with most studies, epidemiologic studies of this entity 
would require careful planning and execution. However, it could 
reveal very important information on the potential uses for manip-
ulative treatment modalities. The interested investigator can fi nd 
more information in such references as Medical Epidemiology (35).

Outcome studies are a very important type of research that 
bridges both epidemiology and at times, experimental studies. In 
the usual such study, outcome measures are taken or reviewed for 
patient populations, and the outcomes of one type of treatment 
outcome, cost, patient satisfaction, and so on are reported. Out-
come studies usually require large patient populations to gain suf-
fi cient data to be meaningful.

Research on Manipulation

As one of the key elements of osteopathic care, manipulative treat-
ment should be the subject of increasing amounts of research in 
the profession. In research aimed at investigating the usefulness 
of manipulative treatment, there is much confusion about proper 
research methodology. However, the researcher approaching osteo-
pathic manipulation as an independent variable must decide which 
of the following is to be evaluated: a treatment or manipulative 
technique, OMT, or osteopathic health care.
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Effectiveness Studies

A third type of study incorporates either of the fi rst two: the effec-
tiveness study, in which manipulative treatment is given to alleviate 
a specifi c presenting complaint. The patient is selected for a partic-
ular complaint, such as low back pain; the treating physician gives 
appropriate manipulative treatment. The effect of the treatment on 
the complaint (e.g., low back pain) is measured. This study type 
may or may not require the delineation of somatic dysfunction dur-
ing treatment. Effi cacy studies are the most usual in the literature 
because the measure of results is the most straightforward.

Functional Outcomes of Manipulative Treatment

In the fourth design subtype, the functional outcome design, the 
effect of manipulative treatment on general physiologic function 
is assessed. In the philosophy of the osteopathic profession, the 
origin of disease is believed to be some loss of normal function in 
the body that then allows for the development of clinical symp-
toms. This type of study is accomplished on clinically disease-free 
subjects with somatic dysfunction who are addressed with specifi c 
treatment. Measures of outcome are such things as immune system 
function, tolerance to stress, general activities of daily living assess-
ments (in older subjects), and other measures of normal function 
that assess general health and function.

Presumably, such studies would fi nd increases in the functional 
ability or capacity of treated subjects.

TOTAL OSTEOPATHIC CARE STUDIES

Another general study design takes into account the total care given 
by the osteopathic physician; it is not limited to manipulative treat-
ment. This study type assesses the health status of patients given 
care by osteopathic physicians and presumably, but not necessarily, 
includes manipulative treatment over the course of care. Such stud-
ies are longitudinal or cross-sectional in nature and include as data 
such things as disease episodes and measures of total body func-
tion and activities of daily living. If the osteopathic philosophy of 
health is taken seriously, there is a heavy component of preventive 
care that would include periodic manipulative treatment to correct 
somatic dysfunction as it occurs. Such care should prevent a least 
some of the acute disease episodes seen in nonmanipulated sub-
jects. A study of this kind would be expensive and long term, and 
could be approached in various ways. Research of this type could 
show whether the application of osteopathic principles to health 
care is differentiated from disease care. Practitioners applying total 
osteopathic care to their patients would be used to determine if 
their outcomes in terms of patient health were different from phy-
sicians not using osteopathic care. Obviously, there would be many 
potentially confounding factors that would have to be analyzed. 
Interesting results, such as cost/benefi t ratios, quality-of-life issues, 
and others, could be addressed.

DESIGNING AND CONDUCTING 
OSTEOPATHIC RESEARCH

Understanding the basics of what type of study is to be done is 
an important step in beginning osteopathic research. Realizing the 
importance of ethical considerations and data confi dentiality is 
vital. The next steps in a research project are also vital. These steps 
can be characterized as follows:

1. Observation
2. Literature search

theory and practice holds that the full treatment of an individual 
by an osteopathic physician entails an interaction between the 
physician and the patient that is not static but dynamic, changing 
from treatment to treatment and instant to instant as the treatment 
progresses. The physician responds to the dynamic changes in the 
patient’s function; the patient responds to the attitudes and touch 
of the physician. The treatment is not a prearranged set of move-
ments and thrusts given to each patient, but an ongoing stimulus/
response synergism between the physician and patient, with the 
patient’s response guiding the actions of the physician.

In this case, the manipulation cannot be predetermined or pre-
scribed by the research protocol but must “go with the fl ow” in 
response to the reactions of both physician and patient. The manip-
ulative treatment is properly a “black box.” The physician/patient 
interaction determines what manipulative treatment is performed. 
The physician is free to do what is deemed best for the interaction. 
Because one of the basic axioms of osteopathy is that each person 
responds differently to stress and treatment, this freedom of inter-
action cannot be removed from the physician without changing 
the research to a technique investigation. To investigate manipula-
tive treatment rather than a manipulative technique, manipulative 
treatment must be used.

The recent study on the effects of osteopathic treatment on low 
back pain by Andersson et al. (40), comparing manipulation with 
standard of care is a case in point. In this study, treating osteopathic 
physicians were allowed to use any manipulative techniques neces-
sary for the patient. The study found that there were no differences 
in outcomes but that the group treated with manipulation required 
less medication and physical therapy. In this study, unlike in a tech-
nique study, the physician chose the treatment that was indicated 
for the patient.

Technique Versus Manipulative Treatment

Once the difference between these two basic types of research on 
manipulation is realized, many of the other problems associated 
with investigating manipulation can be much more easily resolved. 
Both types of research are valuable and valid. Research on tech-
niques gives information on specifi c techniques; research on treat-
ment gives information on what the osteopathic physician does in 
practice. Both are necessary and essential for the future of the pro-
fession. Their differences must be recognized and appreciated for 
appropriate studies to be designed.

Subtypes of Manipulative Treatment

Within the general types of research on manipulative treatment, 
there can be several subtypes. One aims at the effect of manip-
ulative treatment in general on some aspect of a disease or body 
function. This could be called the nonspecifi c design. It is done to 
improve body function without identifying specifi c somatic dys-
function in patients with some clinical presenting complaint. The 
treating physician provides a general manipulative treatment with-
out specifying areas of somatic dysfunction or specifi c areas to be 
addressed. By contrast, in specifi c treatment designs, the physician 
applies manipulative treatment to specifi c somatic dysfunction as 
defi ned by palpatory diagnosis and documented with such signs as 
asymmetric motion, tissue texture changes, and so forth. This type 
of treatment is designed to restore function or ameliorate functional 
diffi culties and may or may not be related to actual presenting com-
plaints (the patient may not be aware of some somatic dysfunction). 
In each of these study types, appropriate data on what is done must 
be collected, and specifi c measures of outcome must be made.
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productive in producing several articles and papers on the topic at 
hand. The investigator may then proceed to acquire the articles 
through libraries or by ordering them online, and begin to read 
about what is known about his or her topic.

The search can be both a time-consuming and strenuous task. 
In osteopathic medicine, there is only one journal included in the 
NLM databanks: the Journal of the American Osteopathic Association 
( JAOA). Because the NLM Medline database only goes back to 
1966, it is also important to review articles in earlier issues of the 
JAOA (as it often is for other journals). This can now be done by 
searching the online JAOA database at www.jaoa.org. The investi-
gator may have to actually go to a library with holdings of the jour-
nal and search back issues, or ask the librarian to review an index 
of the journal for relevant topics. In addition, other osteopathic 
source materials should be searched. The AAO has an important 
collection of osteopathic articles in its Yearbook collection and has 
now released a CD-ROM with its bibliography in searchable form. 
This listing should be included in any search. Other osteopathic 
collections, such as the Osteopathic Annals (no longer published), 
are also valuable sources of information.

Many public libraries have access to many search engines and 
can assist in locating materials. University libraries usually have 
electronic access to full-text research journal archives that are very 
useful. When using any database, it is advisable to keep careful 
records of articles read and what was in each. A computer data-
base program, such as Reference Manager or Endnote (www.isire
searchsoft.com), is excellent for this purpose, and such programs also 
allow easy construction of bibliographies when writing papers. In 
fact, the Endnote program is one of the most useful writing tools 
in a researchers toolbox.

What should be looked for during a literature search? Obvi-
ously, the primary goal is to fi nd articles and information on the 
topic of interest. What has been found about the topic? What 
research or observations have already been made? It is also impor-
tant to fi nd how others have looked at the area. If research has 
been done, how was it done, and what measures did the investi-
gators use in the studies? What techniques and research designs 
were used? If other research has been done, it is best to fi nd how 
it was done, what pitfalls were encountered, and how they were 
overcome.

Thus, the literature review is a vital and often very poorly done 
part of any study. Careful literature review will often save the inves-
tigator much work and even embarrassment. It is not good to fi nd, 
after doing a study, that someone else has already done it or one 
similar.

The literature search allows the investigator to go to the next 
step of research design: the formation of the research hypothesis.

The Hypothesis

One of the most important aspects of designing any research proj-
ect, be it quantitative or qualitative, experimental or observational, 
is forming the hypothesis. The hypothesis is the statement of the 
question being asked by the study. The hypothesis must be clear 
and concise. It must state exactly what the research is to investi-
gate. Most beginning researchers try to make the hypothesis too 
complex or design a hypothesis that is simply not testable. For 
example, the hypothesis “osteopathic treatment is good for head-
aches” is not a good hypothesis. Although we would like to think 
that the statement is true, can we test it? The answer is “no.” What 
is “osteopathic treatment?” What does “good” mean? What type 
of headache is to be studied? A good experimental hypothesis is 
simple, precise, and well defi ned.

3. Hypothesis building
4. Study design
5. Data collection
6. Data analysis
7. Discussion of results
8. Writing and publication

These steps are all necessary and important in the conduct of 
research in any fi eld. We will briefl y discuss each.

Observation

Virtually all biomedical research stems from clinical observation. 
The clinician observes patients and their response to illness and 
treatment. He or she often conducts impromptu “experiments” to 
see if there is any effect on a patient’s outcome. Such observations 
are valuable, but rarely conclusive. Observations are usually subject 
to too many uncertainties, called biases, to lead to defi nitive con-
clusions about what actually occurred or whether there was really 
an effect of a certain treatment on a condition. The realization over 
many years that observation by itself was rarely useful in establish-
ing reliable cause and effect relationships in fact led to the art of 
research design. However, observation is the beginning point for 
investigation. The investigator should begin with observation of 
his or her practice. What is of special interest to the investigator? 
One of the most important aspects of doing research is to pick a 
topic that piques the interest. Once that is accomplished, the basis 
of a research project is laid. A prime example of observation being 
the basis for a lifetime of research is that of Lawrence H. Jones (41). 
He made the observation of a patient with severe muscle spasm 
that was relieved by placing the patient into an extremely awk-
ward position to alleviate the pain. Instead of dismissing the result 
as spurious or inconsequential, Jones pursued the observation and 
developed the area of strain/counterstrain.

Literature Search

The next step in developing a research project is the literature 
search. This is a very important step and one that is often either 
slighted or done without suffi cient diligence. The fi rst steps in a 
literature search are to examine texts and other reference works 
easily available. Do they show that the problem interesting the 
investigator has already been thoroughly researched? Is there an 
abundance of literature already available? Or does a preliminary 
search reveal little or no information? Texts and reference books 
are called secondary literature because they report second hand on 
research articles (primary literature). Hopefully, something will 
easily be found in the secondary literature that will lead to primary 
research articles or even reviews of the topic.

The search for information will almost invariably lead to the 
primary literature; to journals in which research fi ndings are pre-
sented. The search for primary literature can be greatly simplifi ed 
by using one of the many computer resources now available. The 
National Library of Medicine (NLM) has the largest compila-
tion of medical literature in the world. This resource is available 
to anyone with World Wide Web access. The “search engines” 
for the NLM database may be accessed free through services like 
PUBMED or by fee-for-service engines, such as PaperChase. 
These search engines make searching the many millions of articles 
in MEDLINE and its associated databases easy and fast. How-
ever, the search must be done with some skill in selecting appropri-
ate search terms or author names, or the result may be a return of 
thousands of often irrelevant articles. Hopefully, the search will be 
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The Hypothesis Dictates the Study Design
The hypothesis also will dictate the design of the study to be done. 
Too often, an investigator produces an imprecise hypothesis and 
then has diffi culty designing the appropriate study because the 
actual question and its implications are not clear. If the hypothesis 
is clear and simple, the design of the study will not only be much 
more evident, but it will be defensible to others. For example, in 
the Irvine study referenced (42), the hypothesis was simple and 
straightforward: “What is the effect of a lateral recumbent roll 
thrust on measures of well-defi ned, acute low back pain?” This 
hypothesis defi ned the study as a technique study on a well-defi ned 
problem, acute low back pain (which was very precisely specifi ed).

Thus, the hypothesis, not a preconceived notion of design, 
must dictate the study design. Too often, it is assumed that one 
type of study design is the only one appropriate for some type of 
research, such as manipulative medicine, when in actuality, the 
design fl ows from the question being asked. If the investigator has 
the question clearly in mind, the research design can be chosen and 
refi ned to refl ect that question, not some other question that is not 
being asked.

Once the hypothesis is determined, it is usually converted to 
the “null hypothesis.” The null hypothesis simply states the nega-
tive of the experimental hypothesis. Thus, if the experimental 
hypothesis was that “a lateral recumbent thrust will have an effect 
on acute low back pain,” the null hypothesis would be that “a lateral 
recumbent thrust will have no effect on acute low back pain.” The 
null hypothesis can be disproved by a study showing an effect, but 
a study showing no effect does not necessarily prove that no effect 
exists. Rather, it shows only that an effect was not observed in the 
present study. Thus, the null hypothesis is the preferred statement 
with the intent of the study to disprove it. In fact, many study 
designs provide both null and experimental hypotheses.

Study Design

The design of a research project is vital to the success and value of 
that project. In osteopathic research, there are many types of stud-
ies that can be done, as outlined above in this chapter. Once the 
investigator has chosen the topic of the study and has at least stated 
the hypothesis, if not completely refi ned it, the choice of research 
designs must be made. Is the research to be observational, epidemi-
ologic, descriptive, or experimental? Each of these types of research 
has particular requirement for design components (29,33,34,43). 
The investigator must consult with experienced clinical research 
designers for appropriate help.

In the area of research on manipulative techniques or treat-
ment, the most usual type of study is either a descriptive or experi-
mental study. In descriptive studies, patients are simply treated, and 
the results of the treatment are reported.

CASE STUDIES

CASE REPORT
A case study is the report of a single, supposedly unique case, or 
of a unique treatment of a case. In case studies, a patient’s history 
is given, the treatment is described, and the results are reported. 
The case study was the staple for medical research many years 
ago, but is now only infrequently used. Many medical jour-
nals will no longer publish case studies except under the most 
stringent circumstances. Case studies are useful as observations 

leading to more complete studies, but rarely stand on their own. 
The limitations of case studies include poor recording of find-
ings, incomplete history and physical reporting, and in many 
cases, unconfirmed diagnosis. If the investigator believes that a 
case is sufficiently unique to warrant publication, a very com-
plete literature review must be done prior to attempted pub-
lication to ensure that no such findings have been previously 
reported. Kaprow and Sandhouse (43) recently reported on the 
treatment of a case by osteopathic manipulation, an example of 
a relatively unique treatment of an uncommon complaint.

CASE SERIES: RETROSPECTIVE
Case series are of two types. The first is the retrospective case 
series. In this design, the investigator searches the office files 
for all cases of a similar type and attempts, through review-
ing the cases, to find commonalities in symptoms, treatment, 
or outcomes that warrant publication. The retrospective case 
series brings together similar cases to add credibility to a unique 
or new clinical entity or treatment regime. The retrospective 
case series may add weight to an argument that a new or unrec-
ognized clinical syndrome is emerging, or that a new treatment 
technique is effective, but suffers the same problems as the 
single case study; the data are usually not uniform and diag-
noses may be lacking. In addition, there is little assurance in 
a retrospective case series that all patients of the targeted type 
have been included; it is possible that only selected cases have 
been reported, making the results seem more beneficial than is 
actually the case.

CASE SERIES: PROSPECTIVE
Prospective case series studies are usually done after the real-
ization that some treatment has a greater impact than thought 
or can be used on some unique condition. In this study type, 
nothing new is introduced, but only usual and standard prac-
tices may be used in a different manner. However, the means 
of identifying prospective patients, the data to be collected, and 
the methods of treatment are clearly specified in advance. All 
patients who meet the predefined criteria are treated and the 
data recorded uniformly. Thus, there is some assurance that 
the patients actually had the specified condition and the data 
gathered are uniform.

In most cases, case series do not have to be approved by an 
IRB unless a new treatment is being tried or data not usually 
collected in the course of practice are being collected. Although 
somewhat more indicative of effect, the prospective case series 
fall short of providing convincing arguments for effective-
ness, because there is no comparison with other treatments or 
subjects.

OTHER OBSERVATIONAL STUDY DESIGNS

As mentioned above, various other types of designs, such as inter-
view, epidemiologic, survey, and outcomes designs, are useful for 
many aspects of osteopathic research and can bring powerful and 
useful data to bear on such questions as:

■ How do the attitudes of osteopathic students toward the profes-
sion change over their training?

■ How satisfi ed are the patients of osteopathic physicians?
■ What did statements of pioneers in the profession mean?
■ How do patients of osteopathic physicians choose their doctors?
■ What is the incidence of somatic dysfunction in the normal 

population?
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sidered to be weak in its ability to defi ne cause-effect relationships. 
It is only one step above the prospective case series design, because 
the control subjects may or may not be comparable to the experi-
mental subjects. However, in some cases, such as very severe disease 
states or when it is considered unethical to withhold a putative 
treatment, it may be the only way to attempt to determine the 
effect of a new or altered treatment regimen.

The most usual of the experimental designs is the two or more 
group direct comparison design. In this study design, patients fi t-
ting the criteria for inclusion in the study are randomly assigned to 
one group or the other. If the design is an experimental and control 
group design, the subjects in the experimental group receive the 
treatment and the subjects in the control group receive either no 
treatment or some alternative (perhaps community standard) treat-
ment. The results of the two groups are then compared on one or 
more measures.

Independent and Dependent Variables

The treatment given to the experimental group is the “independent 
variable,” and the measures taken to judge results in both groups 
are the “dependent variables.” Thus, in a study comparing the lat-
eral recumbent thrust, such as the Irvine study, the independent 
variable was the thrust given to the experimental group, but not the 
control group. The dependent variables included straight leg rais-
ing and judgment of pain before and after the treatment. One of 
the hardest aspects of research on OMT is fi nding good dependent 
variables or measures of results.

Random Assignment to Groups

In experimental studies, it is very important that the two groups 
of patients be as much alike as possible. For example, if some sys-
tematic difference between the groups existed at the beginning of 
the study, such as the mean age of the experimental group being 24 
and the control group being 56, a better result in the experimental 
group may well be due not to the treatment provided, but to the 
superior health of the younger patients. The comparability of the 
groups is usually achieved by “random assignment” of the patients 
to the groups. The patients are assigned to the groups completely at 
random, so that neither the investigator’s bias nor other factors will 
result in patients in one group being different in any systematic way 
from the other group. There are many ways to do random assign-
ment (44), but it is vital that it be done; how it is to be done must 
be specifi ed prior to the study. Randomization can be as simple as 
fl ipping a coin to determine the group a patient is assigned to, but 
more reliable means are available, such as random number tables in 
books or on computers.

Blinding

One of the most important aspects of experimental research is the 
principle of blinding. It is well known that even the most honest 
investigator can unwittingly affect the results of a study by judging 
the results of a treated patient as better than an untreated patient. 
This often slight and unconscious bias or systematic error has often 
resulted in faulty and unreliable results from an otherwise well-
designed study. To preclude this type of error, it is almost always 
necessary to make sure that the person measuring the outcome of a 
treatment does not know whether the patient received the experi-
mental treatment (independent variable) or not. If the observer is 
blind to the patient’s group, the study is called a single-blind study. 
If the patient is also blinded to the treatment given, the study is a 

These and many other questions are awaiting well-planned studies 
and would produce information valuable for planning the future of 
the profession.

Experimental Design

The proof of cause-and-effect relationships is very diffi cult. 
Humans are very good at recognizing what seem to be correla-
tions between two events, a trait that has undoubtedly been honed 
over thousands of years. The rustle of grass on a dark night cor-
relates well with the approach of a tiger intent on fi nding a meal 
and quickly becomes a signal for retreat to a safe cave. However, the 
rustle does not cause the cat to eat the unwary human. The human 
(and other animal) nervous systems are well adapted to recogniz-
ing correlation, but poorly designed to establish cause and effect. 
The art (and some would say, science) of experimental design has 
been developed to fi nd ways to be able to assign cause-and-effect 
relationships in all areas of science.

Medical science is one of the most diffi cult areas in which to 
assign cause-and-effect relationships. The human organism is very 
complex, and what may seem like cause-and-effect relationships 
may be nothing more than random variation in function or disease 
state, or even the patient’s own perception of how they are feeling. 
For example, the drug Laetrile was for years thought to produce 
good results for advanced cancer patients, but was fi nally shown 
to be useless and perhaps harmful (44). Patients and doctors alike 
thought that there was a cause-effect relationship between can-
cer outcomes and Laetrile therapy (that Laetrile cured cancer); in 
fact, there was neither a cause-effect relationship, nor even a decent 
correlation.

In experimental studies, a treatment group of some sort is com-
pared with a control group. Ideally, the experimental and control 
groups differ in only one way; the treatment is given to the experi-
mental group and not to the control group. Although this seems a 
simple task at fi rst, in reality it is very diffi cult, especially in medical 
areas. As the complexity of this task unfolds, remember that when 
designing a research project, there is no such thing as the perfect 
design. Research designs always mean making compromises and 
choices that open the results to other interpretations. The problem 
is not that the design is not perfect; the problem is in not recogniz-
ing the imperfections and dealing with them.

Types of Experimental Designs

Experimental designs for osteopathic research can take several 
forms, depending on the question being asked. These include:

■ Between-subject designs
■ Within-subject designs
■ Crossover designs
■ Variations

The hallmark of an experimental design is the comparison of the 
treated or experimental group of patients with a group receiving 
no, or some other, treatment. The experimental study is always 
prospective, that is, it is planned in advance and must always be 
approved by an IRB.

BETWEEN-SUBJECT DESIGNS

The simplest experimental design is that comparing a treated group 
with a historical control. Historical controls would be patients from 
the practice or from other practices who had received some other 
form of treatment than the one being investigated. This design is con-
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study will fully understand every step. When writing or reviewing a 
clinical study protocol, I do not consider the design to be complete 
until the informed reader of the protocol will know from reading 
the document what happens to the patient all the way through the 
study.

Data collection is the actual performance of the study. The 
patients are recruited, assigned to groups, treated (or not), and 
measurements performed. The data are collected by the appropri-
ate study participant, including measures of somatic dysfunction, 
functional tests, laboratory results, and so forth. All data must be 
kept confi dential until the study is over (unless it is agreed to look at 
preliminary data earlier). The study group should meet frequently 
during the study itself to discuss any problems or concerns. Data 
analysis is the next step.

Data Analysis

Once data collection has been completed, the task of data analysis 
begins. Data from most studies must be subjected to some form of 
statistical analysis as a help in decision making. At most, statistical 
analysis is a way to help the investigator make informed decisions 
about the meaning of the data. Statistical tests are of three basic 
types: descriptive statistics, nonparametric statistics, and paramet-
ric statistics.

Descriptive statistics give information about the basic attri-
butes of the collected data, such as the mean, median, and stan-
dard deviation. These numbers tell the investigator how each group 
performed on the dependent variables used. However, to obtain 
information about whether there might be a difference between 
the performance means of the experimental and control groups, 
some form of nonparametric or parametric statistical tests is used. 
The decisions about whether the independent variable caused a 
change in the experimental group’s responses (dependent variables) 
rely on the results of tests of signifi cance.

Statistical tests to determine differences between group data 
rely on the assumption that the experimental or independent vari-
able caused a change in the experimental group that resulted in an 
actual difference being created between the groups, as measured 
by the dependent variable(s). According to this view, if the mea-
sure was the distance moved by the leg in a straight leg raising 
test, both groups would have the same average movement prior to 
treatment, but the treated group would have more movement after 
treatment. Thus, the treated group would now be a different group 
or population, as measured by straight leg raising tests. The treat-
ment changed them from what they were before to a group able to 
perform straight leg raising to a greater level.

Several things determine how well the statistical test is able 
to indicate this difference. Two of the most powerful of these are 
the amount of variability in the initial measurements of the groups 
and the number of subjects in each group (subject numbers are 
discussed below, under Power). If all subjects initially had exactly 
the same movement distances, then a very small increase in all the 
treated subjects would be detected by the statistical test as a signifi -
cant effect. However, if there was a great deal of variability among 
the subjects, then a much larger average increase due to the treat-
ment would be necessary before the statistical test could predict 
that the treatment had produced an effect. Thus, variability is best 
kept as small as possible between subjects in any study.

Parametric statistical tests, such as the t-test or analysis of 
variance, make some assumptions about the distributions of the 
data and the population of subjects, in effect relying on the data 
to have a “normal” or bell-shaped distribution. If the data do not 
have roughly such a distribution, it is best to use nonparametric 

double-blind study. At times, it is also desirable to have others in 
the study blind to patient group. However, at the absolute least, the 
observer must be blind to the patient’s treatment status. If blinding 
of this sort cannot be shown or is not feasible, the study has a very 
serious problem that almost always will make the results suspect. 
This subject will be further discussed in the section “Special Con-
siderations in Osteopathic Clinical Research”.

WITHIN-SUBJECT AND CROSSOVER DESIGNS

The research types reviewed above include mainly those that use 
planned comparisons between experimental and control groups, or 
long-term determinations of health status that are then compared 
with the general population. Many variations on these study types 
exist. Another group of study types should receive careful attention 
when the effects of manipulative techniques or treatment are stud-
ied. These designs are within-subject designs; they essentially use 
the same subject as both the control and the experimental group. 
Keating et al. (45) have summarized this type of design in some 
detail.

The within-subject study usually involves following a patient 
for a period of time to determine the baseline symptoms and 
whether they are fairly stable or changing in some fairly predictable 
fashion. After the baseline measurement, treatment is introduced 
and the measurements continued. The measured variables can be 
compared before and after treatment to see if the treatment had 
an effect. The baseline measurement period will vary among sev-
eral subjects, allowing the treatment to be introduced at different 
times, ensuring that there was no peculiar effect of time on treat-
ment intervention. This is known as the variable baseline, within-
subject study design. Frymann (46) used this design type in her 
study of the effects of osteopathic care of children with neurologic 
and developmental defi cits.

Crossover designs usually use experimental and control groups, 
but after the control group has fi nished, these patients are “crossed 
over” to receive the experimental treatment. Crossing over some-
times satisfi es objections that the control group will not get the 
benefi t of a supposedly effective treatment. This design is useful if 
the illness or disease being studied is not particularly severe and can 
wait to receive the experimental treatment.

Crossover and within-subject studies are not especially effec-
tive if the measurements and symptoms are not fairly stable for a 
period of time that can be used as the control condition. In addi-
tion, there is some problem with establishing whether the manipu-
lative intervention actually did cause any change in the symptoms 
being measured. However, these designs allow treatment for every 
subject in the study, whereas the control group does not receive 
treatment in traditional experimental and control group studies.

The study designs considered here have many variations that 
must be considered before fi nal design elements are determined. 
Some of the major issues in design of osteopathic research are con-
sidered below in the “Special Considerations” section of this chap-
ter. The investigator is also urged to consult design experts and/or 
reference texts (29,33).

Data Collection

The actual work of doing the study comes only after careful 
planning, written statement of the study, and IRB approval. It is 
absolutely necessary to do the preliminary steps carefully and com-
pletely, or the study will almost certainly be useless due to problems 
of design, execution, or data collection. The entire procedure of the 
study design must be written out so that all those involved in the 
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viewed the results as insignifi cant because the thrust and nonthrust 
groups showed no differences 3 weeks later. However, immediately 
after the technique, there was a signifi cant difference. Presumably, 
the thrust patients would have been able to return to work sooner, 
an important difference to an insurance company paying for time 
off work. Thus, if the study had been correctly interpreted as a 
technique study and the immediate effects recognized as impor-
tant, the study would have made more of an impact.

The discussion or interpretation of the data is where the inves-
tigator can state his or her opinion of the outcomes, link them to 
other data, and interpret them for the osteopathic profession. The 
discussion should not be too grandiose, claiming that the study 
had proven everything in the universe (unless it really has), but 
the investigator should legitimately link the study to the areas of 
interest and suggest to the reader how the data are important. This 
is another reason that a good literature review is necessary; with-
out that background, the investigator will not be able to properly 
interpret the results.

Writing and Publication

If it is not documented, it did not happen. This statement is true 
for data gathering, observations during a study, orders given for 
participants of a study, and for publication of the results of a study. 
If a study is done but not published, it did not happen. It is vital 
to write a report of a study and publish it in some format. There 
are numerous books available for the novice scientifi c writer (47). 
However, the investigator can follow basically the same format as 
that given above in the design of a study for writing a scientifi c 
paper.

The parts of a research paper, although varying to some extent, 
are basically:

■ Abstract
■ Introduction
■ Methods
■ Results
■ Discussion
■ Conclusions (sometimes not included)
■ References

The abstract of any paper should present a concise and informative 
overview of the paper. Where the idea came from should be stated; 
this can be an overview of the literature review or observations that 
led to the idea for the study. The major methods should be given 
along with the major fi ndings. The import of these fi ndings fi n-
ishes the abstract. Such statements as “The results are found below” 
or “The results will be discussed” are inappropriate. The abstract is 
the only thing that many people will read, so it must immediately 
tell the reader why they should look at the rest of the paper. Seeing 
it as unimportant, many writers dash off an abstract although it is 
a very important part of the paper.

The introduction is basically the background of the study. It 
gives an overview of the literature and other information about why 
the study was conceived. It provides the reader with the rationale 
for the hypothesis of the study. In fact, the introduction can be 
conceived of as a funnel with the hypothesis being at the bottom, 
small end. The introduction starts from the big picture overview 
and comes down to the hypothesis. The reader can see immediately 
why the hypothesis makes sense, given the background. Of course, 
some reports, such as case histories, have no hypothesis, but none-
theless, should have the background presented in the introduction.

The methods section is a fully detailed report of the proce-
dures, tests, manipulative procedures, subject selection criteria, and 

statistics, such as the Mann-Whitney test, to determine whether 
the results of the study show a difference due to the independent 
variable (47).

Many fairly simple computer programs are now available to 
help with statistical analysis. Such programs as KaleidaGraph 
(www.synergy.com), Instat (www.graphpad.com), GB Stat (www.
gbstat.com), the SPSS packages (such as SYSTAT at www.spss
science.com/SYSTAT), and others are available for both Apple and 
IBM-compatible computers (see also, e.g., http://ebook.stat.ucla.
edu/,). However, statistical assistance should be sought to avoid 
mistakes in analysis.

STATISTICAL SIGNIFICANCE

Tests for differences between groups provide an estimate of whether 
differences in the dependent measures seen between the groups 
after the study can be relied on to have actually been produced 
by the independent variable, or whether the differences are more 
likely to have been the result of random or chance fl uctuations. The 
reliability of the difference is called the signifi cance of the test, or 
the level of statistical signifi cance. By tradition, and some logic, the 
usual standard value that must be reached for a difference between 
the experimental and the control groups to be considered signifi -
cant is p = 0.05. This is the so-called p value, and is a measure that 
takes into account the variability of the data and the numbers of 
subjects in the study, among other things. The p value is essentially 
an estimate of the probability that the study would show a differ-
ence as great as or greater than the observed difference purely by 
chance.

Thus, a p value equal to 0.05 means that only one time in 20 or 
5 in 100 would a difference as great or greater than that observed 
happen by chance alone, if the experimental variable actually had 
no effect. Thus, p values greater than 0.05 are considered probably 
due to chance fl uctuations in measurement or to weak effects of 
the experimental variable. If the p value is 0.05 or less, it is assumed 
that the chances of fi nding the observed differences by chance are 
so small that the differences can be accepted as due to the experi-
mental variable.

It is a mistake, however, to assume that if the data show a 
p value “approaching” 0.05 (e.g., p = 0.056), the data are “almost” 
signifi cant. In many cases, the addition of extra subjects or other 
refi nements of the study produce no more signifi cant results. If the 
data are close to signifi cance, consider ways to redo the study with 
less variable data or stronger treatment.

The investigator must generally consult with a biostatistician 
before fi nalizing a study design. The statistician will give advice on 
what data can be successfully analyzed and how the data can best 
be collected. In addition, due to the number of different statistical 
tests available, the methods of analysis should be specifi ed before 
the study is undertaken.

Discussion of Results

Once the data are analyzed, the investigator can undertake a dis-
cussion of the results and the study. The results must be considered 
in light of the background of the study, the results themselves, and 
the interpretation of those results by the investigator.

Data are only data; they are nothing until interpreted. The 
results of any study can be looked at in various ways. Consider what 
happened in the Irvine study. Osteopathic physicians looked at the 
data and basically said that the study was not important because 
the independent variable, the thrust, was not osteopathic treatment 
or spinal manipulation, but only a thrust. Allopathic physicians 
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■ Blinding
■ Control groups
■ Patient populations
■ Pilot studies and statistical power
■ Inclusion/exclusion criteria
■ Dependent variables

The “Gold Standard” for Clinical Research

The randomized, double-blind, placebo-controlled study has 
evolved as the “gold standard” for clinical research studies. This 
design was developed in the 1940s and 1950s as the appropriate 
design to test the effects of drug treatments. The major elements of 
this particular design are:

■ Randomization of subjects into the treatment groups (or arms)
■ Blinding of subjects, drug givers, and data collectors as to treat-

ment given
■ Provision to the control subjects of a “placebo” or inactive sub-

stance that is indistinguishable from the active drug

This design was developed to answer a very specifi c question in 
drug therapy. For practical purposes, the question or experimental 
hypothesis to be answered is, “What is the effect of this drug on the 
natural course of a disease process in the human unaware of what 
drug is given?”

The random assignment of subjects to the experimental or 
control group hopefully ensures that the experimental and control 
groups (or more groups if, e.g., a group given neither drug nor pla-
cebo is used) have the same characteristics to begin the study. The 
blinding of the patient to what is being received (active drug or 
inactive substance) will hopefully ensure that the patients in the 
experimental group do not feel better simply because they are get-
ting an active drug. In other words, the psychological aspects of the 
treatment should be equal for the two groups. Blinding the drug 
giver and caregivers as to which group the patient is in hopefully 
insures that the treated patients do not get subtle cues that they are 
being given an active substance; blinding the data gatherers ensures 
that bias is not introduced by knowing the patients receiving the 
active drug. Thus, for the question being asked, this design is a 
good one. Unfortunately, studies of manipulative treatment are not 
always amenable to this design and may often ask different ques-
tions. Thus, we must examine briefl y what affects the interpreta-
tion of clinical trials.

Validity and Bias

The validity of a study is simply how strongly we can believe that 
the results are a refl ection of what is actually the case. Did the 
manipulative technique really cause the observed change or was 
some other mechanism at work? Will the technique work with 
other patients, or was the result limited to the patients being stud-
ied? Many factors can infl uence how results can be interpreted, and 
these factors are called biases.

The defi nition of bias in a research study is basically anything 
that could interfere with the correct interpretation of the results of 
the study. If the study asks about the effect of a technique on low back 
pain, then measuring the pain differently in experimental and con-
trol groups would constitute a bias that would invalidate the results. 
There are many forms of bias that affect the validity of a study.

External Validity
Simply put, an external bias is something that interferes with the 
generalization of the results of a study from the patients in the 

so forth of the study. The methods section should allow a reader 
knowledgeable in the fi eld to reproduce the study. The methods 
section should present suffi cient detail that the reader can make 
judgments about the validity and usefulness of the study results.

The results section presents the actual data from the study and 
the analyses of the data. It gives tables and graphics to clearly show 
the reader the outcomes of the study. Graphs should be presented 
in formats that clearly show differences, data trends, and group data 
descriptions. Most graphs showing group data should show error 
bars so that the reader can see the amount of variability within the 
data (29,48). As with statistical analysis programs, there are several 
computer programs available to help with graphic presentations, 
such as KaleidaGraph (www.synergy.com), GraphPad (www.graph
pad.com), GB Stat (www.gbstat.com), and Microsoft Excel. One of 
the most common errors in presenting data in a paper is to have 
graphics that are misleading, confusing, or not readily interpretable.

As stated earlier, the discussion section is where the author can 
express his or her opinions on the outcomes of the study. It is often 
helpful to begin the discussion section with a bullet recap of the 
major results. This helps both the writer and the reader to focus 
on the important aspects of the data. The discussion allows the 
author a place to express opinions about the meaning of the data 
and interpret it for the reader. Of course, the reader does not have 
to agree with the writer’s interpretations.

The reference section should list the sources consulted by the 
author. All references that are cited in the text or that contributed 
to the ideas in the article should be cited. It is a serious ethical 
problem to use the material of others and not give attribution to 
them. Plagiarism is poorly looked on. It is a good idea to be inclu-
sive rather than exclusive in referencing others’ work.

The beginning and even the seasoned author can get help in 
writing articles by consulting the instructions for authors given in 
most medical journals. The only osteopathic journal fully indexed 
in the Index Medicus library is the Journal of the American Osteo-
pathic Association ( JAOA). It publishes full instructions to authors on 
the internet at the JAOA web site, www.jaoa.org. Other invaluable 
sources of information on writing style is the Publication Manual 
of the American Psychological Association (49) and the AMA Manual 
of Style: A Guide for Authors and Editors, 10 (50). These invaluable 
books give not only style guidelines but also information on pre-
senting graphics, writing theses, plagiarism, and much more.

When considering a journal for publication of an article, fi rst 
choice should be given to journals indexed in the Index Medicus or 
similar worldwide listings. The target audience should be identifi ed 
and the chosen journal should target that audience. The journal 
should be peer reviewed to insure quality of the articles published.

If the study is not suffi cient for stand-alone publication, the 
author should consider presenting the data at a medical or scientifi c 
meeting from which abstracts are published. This provides a pub-
lic reference of the work. The AOA research conference held each 
year in conjunction with the AOA convention is such a venue. The 
abstracts of the scientifi c presentations are published in the JAOA 
and indexed in the world literature.

SPECIAL CONSIDERATIONS IN OSTEOPATHIC 
CLINICAL RESEARCH

In the sections on research design, several ideas were introduced that 
require discussion in terms of osteopathic research questions. The areas 
that are of special interest to the design of osteopathic studies are:

■ The “gold standard” for medical research
■ The question being asked
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the exception of the treating physician. Although patient blinding 
is possible in cases of technique studies like the Irvine study, it is 
not as likely in studies of full treatment effects. In addition, it is 
diffi cult to fi nd large numbers of patients in most osteopathic prac-
tices who are completely naïve to manipulation. Thus, the question 
of patient blinding is one that must be examined for each study 
and dealt with as the study and situation allow. The consequences 
of not blinding the patients to treatment are considered under the 
section on control groups, below. In any event, it is imperative to 
have the data collectors blinded as to group assignment.

Population Selection

In most cases, studies of manipulative treatment will use patients 
from the investigators’ practices. The study design should include 
recording the demographics of the patients so that there will be 
a basis to generalize from the study population to other patients. 
It is obvious that the patients coming to an osteopathic practice 
are not a random sample of the general population, but a highly 
self-selected group that may be motivated to seek osteopathic care. 
Thus, caution must be taken when generalizing results of manipu-
lative trials to the general population, and this bias must be taken 
into account.

Control Groups

One of the most contentious issues in osteopathic research design 
is the issue of appropriate control groups. The idea of the control 
group stems from the necessity of having some way to compare the 
active treatment with some baseline. As mentioned above, histori-
cal controls are sometimes used, but are far from ideal. Historical 
controls may differ widely from the contemporary study group in 
many aspects, so give only an impression of effects. Historical con-
trols are used only as a last resort.

The “gold standard” control is the placebo control. Defi ned 
above, the placebo control is designed to mask from the patient 
the knowledge of whether the active drug or the inactive substance 
is being given. Such a control is meant to take the psychological 
effects of the patient’s knowledge on the interaction between drug 
and disease natural history out of the therapeutic picture. It has 
been widely assumed that the simple knowledge of treatment had 
about a 30% effect on the patients response to the treatment (the 
“placebo effect”) (49). Thus, according to the commonly held view, 
the simple psychological effect of knowing that a treatment was 
being given could alleviate symptoms by a large amount. Thus, the 
placebo control is designed to keep the placebo effect from entering 
into the difference a drug would make in the course of a disease.

Signifi cant questions are being raised about the placebo as 
an effective control condition (51–55). For example, is the “pla-
cebo effect” really as robust as has been assumed? Is factoring out 
the psychological effect giving a true picture of the actual effect 
of a drug or treatment on the course of a disease, or is the pla-
cebo control consistently causing an underestimation of the total 
effect of drug plus knowledge? It is now well known that an indi-
vidual’s psychological status has real and measurable effects on 
their physiologic processes (see Chapter 8). Is the placebo the best 
control for treatment studies? The placebo’s sister control group, 
the sham control, is often used in studies of manipulative treat-
ments and techniques. With a sham control, some type of “hands-
on” experience is given to the patient so that the physiologic and 
psychological effects of placing the hands on the patient are equal 
in the treatment and control groups. The Irvine study is a good 
example of a sham treatment control. Because the question being 

study to other patients (32). If an experimenter wanted to have an 
externally valid study of the effects of a manipulative technique on 
asthma in the general population, the study group would be chosen 
not from a hospitalized population but from the whole group of 
people with asthma. If the asthma study patients were all hospital-
ized, the effects of a manipulative technique might well be differ-
ent than if the technique were performed on patients with a less 
severe form of the disease. The study would not be externally valid 
because it would not be generalizable to the whole population of 
asthma sufferers. Of course, if the intent of the study were to study 
the effects of manipulative interventions on asthma in hospitalized 
patients, it would be externally valid. Thus, it is very important to 
frame the hypothesis with knowledge of whom the subjects will be 
and to whom the data will be generalized. Many things can affect 
external validity, including the lack of proper control procedures, 
improper selection of patients, and the simple length of time the 
patient is in the study (symptoms may change over time even with-
out treatment).

Biases that threaten the external validity of a study are often 
fairly easily seen and recognized. For the example above, the bias 
of using only hospitalized patients as subjects obviously limits the 
results to that population of patients. Other problems of generaliz-
ability are not so obvious. For this reason, the investigator must 
keep records of the patients and be able to defi ne at least the demo-
graphics of the patients so that the reader will be able to judge 
which population the results are most likely to be applicable to.

Internal Validity
Much more serious are the threats to internal validity. These 
biases are often very subtle and can make statements about the 
actual meaning of results diffi cult if not impossible. A nonblinded 
observer who takes data in a study and who knows whether or 
not the subject was treated is an obvious source of bias that will 
almost surely make interpretation of between-group differences 
impossible. Other sources of biases threatening internal validity 
include (32):

■ Inappropriate control groups
■ Measures that do not accurately determine the response being 

studied
■ Objectivity in the measures being used
■ Small numbers of patients in the groups
■ Initial differences between experimental and control groups
■ Random fl uctuations in the course of a disease process
■ Regression of symptoms to the mean

Thus, the investigator must pay close attention to issues affecting 
the internal validity of the study design and would be well advised 
to consult an experienced clinical trials designer on the issue.

DESIGN OF OSTEOPATHIC CLINICAL TRIALS

Blinding

As noted above, the design of clinical trials of osteopathic manipu-
lation is more complex and may ask different questions than drug 
trials. Obviously, the person providing the treatment cannot be 
blinded to whether manipulation is given or not. In some cases, 
the patient can be blinded to treatment condition, as in the Irvine 
study. None of the patients included in the study had any experience 
with manipulative treatment, and results showed that there was no 
difference between the groups as to their recognition of whether 
manipulation had been given or not. Blinding was done for the 
data gatherers, so the study can be considered a blinded trial with 
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calculations can be made with relatively simple formulas found in 
standard books (55) or on the internet (e.g., http://ebook.stat.ucla.
edu/calculator/powercalc/).

Pilot Versus Full Studies

Thus, the Andersson study (40), although well done with about 
178 patients, is most likely still lacking suffi cient patient numbers 
to fulfi ll power requirements. Studies not meeting standard power 
requirements must be termed “pilot studies,” and their results 
should be viewed with caution. Pilot studies are very useful in giv-
ing indications of what effects may be valuable to further study and 
in providing data on the amount of variability inherent in outcome 
measures; therefore, they are very valuable. Studies that meet the 
required numbers of subjects indicated by power calculations are 
considered full-scale studies and, other things equal, are more reli-
able than studies with fewer subjects.

Dropouts

The problem of dropouts can be acute in any clinical study. In 
studies of manipulation, the investigator must account for patients 
not fi nishing the study. This is important because of the potential 
for causing imbalances between the experimental and the control 
groups. For example, if all the patients with more severe disease 
dropped out of the experimental group but stayed in the control 
group, the results would be inaccurate or biased toward a larger 
effect in the experimental group. The usual practice is to try to 
determine the cause of the patient’s failure to fi nish the study and 
to carefully examine the drop-outs for commonalities that could 
affect study results.

Inclusion and Exclusion Criteria

The issue of inclusion/exclusion criteria is also diffi cult in many 
studies of manipulative treatment. The inclusion criteria are those 
things that make the patient eligible for the study, such as low back 
pain. However, the inclusion criteria must be well specifi ed and 
measurable prior to the study. In the example of low back pain, 
the type, duration, and other factors should be carefully delineated. 
An area that needs special attention in inclusion criteria is that 
of a well-defi ned diagnosis. Often, studies of manipulation do not 
have well-defi ned structural diagnoses that can be justifi ed and 
defended to the greater medical community, which results in poor 
acceptance of the study.

Exclusion criteria are those factors that exclude a patient from 
a study. These can be age, pregnancy, drug use, and so forth. Exclu-
sion criteria must also be clearly specifi ed in the study design. It had 
been standard practice to exclude women from many drug studies 
because of the danger of pregnancy. This practice resulted in a lack 
of information on the effects of drugs on females (poor external 
validity), and the effects were often different than the effects on 
males. It is now unacceptable to simply exclude females; if a study 
does so, explicit reasons must be given.

Dependent Variables: Selecting Appropriate 
Measures

The best measures to determine if a manipulative procedure had an 
effect are often diffi cult to decide. These measures are known as the 
dependent variables because their values are supposedly dependent 
on the experimental treatment. In studies of the effi cacy of a manip-
ulative technique or a manipulative treatment on the outcome of a 

asked was regarding the effectiveness of the thrust alone, a sham 
was appropriate.

However, what if the question being asked is of the effect of 
the osteopathic treatment as a total treatment effect? Is it then 
not appropriate to test the total treatment, including the effect 
of hands-on and patient knowledge, against giving the patient no 
treatment? The question being asked determines the control group. 
If the question is to test the totality of the treatment effect against 
no treatment, and treatment includes the effect of putting hands on 
the patient, then the appropriate control is a patient receiving only 
rest during the treatment time. It may also be appropriate to use 
the musculoskeletal examination as the “sham” in such cases. Here, 
both groups would receive the structural examination, but the con-
trol group would then rest while the manipulative treatment was 
given to experimental group. Blinding of the subjects to treatment 
group in many cases is simply impossible, thus leaving the concept 
of a “placebo” group as a moot point.

Another control often used in manipulation studies is the 
“community standard” control in which, for example, low back 
pain is treated manipulatively in the experimental group, but by 
drugs, physical therapy, and counseling in the control group. This 
type of active control group is asking yet another question: Is 
the effect of manipulation equal to or better than standard care? 
The recent Andersson study (40) on manipulative treatment for 
low back pain is a good example of this type of control group. 
Because of the ethical considerations of giving no care to a patient 
in a “do nothing” control group, the active or community stan-
dard of care control may be the only way some conditions can be 
examined.

Thus, the osteopathic researcher must carefully determine the 
actual intent of the experimental question prior to determining the 
appropriate control group. The myth of the “gold standard” must 
not be forced onto research designs for manipulation. If the ques-
tion of the study is whether the manipulative treatment is better 
than nothing, a rest or nothing control is appropriate. If the ques-
tion is whether the manipulation is better than community stan-
dard care, the appropriate control is the active community standard 
treatment. If the question is whether the manipulation is better 
than simply placing hands on the patient, probably the best control 
is the examination-only control.

Thus, careful consideration of what is being asked will deter-
mine the appropriate control group, not a preconceived notion of 
what a control should be.

Study Size and Power

Studies on the effects of manipulative treatment are in their 
infancy. It is diffi cult for an individual investigator to procure suf-
fi cient subjects for a large study. In fact, it is now becoming increas-
ingly evident that many studies have not been suffi ciently large for 
their results to be reliable. The term for the probability that a study 
contains suffi cient subjects for an effect to be accurately found if, in 
fact, there is an effect of the independent variable, is called “power.” 
The measure of the power of a study is called power analysis (56). 
The probability that the statistical analysis of a clinical trial will 
show a signifi cant p value is remarkably large if the number of sub-
jects in the study is small. In a study with few subjects, one subject’s 
large change in fi ndings may result in a signifi cant effect, although 
the effect is not general. In this case, a “type I” error will result; 
the experimental hypothesis that there is a treatment effect will be 
accepted although no such effect is present. Thus, power analysis 
gives an estimate of the number of subjects required in a study to 
be reasonably sure that if there is an effect it will be found. Power 
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■ Complete and well-documented methodology
■ Statistical methods and data processing procedures defi ned in 

advance
■ Power calculations completed
■ Well-defi ned inclusion and exclusion criteria
■ Both objective and subjective dependent variables
■ Adequate statistic and logistic support
■ IRB approval obtained

These characteristics of a well-designed osteopathic trial should 
lead to reliable and believable data.

On the other hand, some of the pitfalls, especially for novice 
investigators, include the converse of the above, but also some per-
haps less-obvious points when planning and conducting research:

■ Planning is incomplete and not well documented
■ Protocols are not rigorously followed
■ Record keeping is not complete
■ Time for study completion is underestimated
■ Patients cannot be recruited in suffi cient numbers
■ Study is too complex
■ Too many dependent variables

Many of these areas have been covered earlier in the chapter. How-
ever, some deserve brief mention here. As a study is carried out, it 
is very important for the investigator to make sure the protocols 
are followed at every step. If a mistake is made, it must be noted 
and any problem corrected. Mistakes will be made in any protocol; 
diffi culties arise if the mistakes are not acknowledged.

Many investigators underestimate the time needed to complete 
a study. At times, patients cannot be recruited readily or replace-
ment patients must be sought. These things can add signifi cantly to 
the time required for study completion. A careful investigator plans 
extra time into the study design. It is good to offer a bonus to key 
personnel for subject recruitment and for help with the protocol.

As stated in the hypothesis section, a simple study is often the 
best one. A study with too many hypotheses to be tested or too 
many dependent variables or measures can become uncontrollable 
and even impossible to analyze. It is often better to perform several 
small, well-designed studies that together paint a picture, than one 
large, complex study that is not interpretable.

SUMMARY

Clinical research in osteopathic medicine is at the cutting edge of 
research design technology. The uncertainties surrounding con-
trols, dependent variable measures, and interpretation of results 
makes it a diffi cult and challenging fi eld. Well-designed studies 
that make a small contribution to understanding the mechanisms 
and effi cacy of manipulative treatment, such as are now coming 
out in the osteopathic literature, will eventually paint a compelling 
and fascinating picture of this treatment modality. The profession 
must take full advantage of the fi fth period of osteopathic research 
to strengthen its foundation in the coming years. By the results of 
research the profession will prosper.
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K E Y  C O N C E P T S

■ There is a societal expectation and responsibility within the medical professions for clinicians to provide the best 
level of patient care based on current knowledge, not to be blinded by or become complacent with current 
practice outcomes, but to advance the practice of medicine to levels previously unimaginable.

■ Although there is a trend in the biomedical research community toward reductionistic science, the osteopathic 
profession is uniquely positioned to perform research that integrates the principles underlying osteopathic 
medicine with a cost-effective distribution of its health care services worldwide.

■ Researchers and research advocates representing the various constituencies within the profession need the 
mandate and resources to convene, to inform/educate members of constituency research initiatives, to coordinate 
goals and resources, to update research priorities, and to assess profession-wide research activities.

■ Meaningful research comes from the burning desire to know and understand something better, not from the 
enthusiasm to “prove” that something works.

■ Current evidence has repetitively demonstrated a therapeutic effect from human touch.
■ When designing osteopathic manipulative medicine clinical trials, special consideration must be given during the 

study design phase to the control and/or placebo cohorts (touch vs. no-touch control), the blinding of osteopathic 
manipulative treatment (OMT) providers, and the selection and training of the OMT techniques that will be used in 
the study.

began modifying research to try to make a distinction between 
“osteopathic” research and other forms of research, like “allopathic” 
or biomedical research. Linking osteopathic to research can be con-
fusing and divisive within the scientifi c community, both within 
and outside the profession. Is not the goal of osteopathic research 
to pursue fundamental knowledge about the nature and behav-
ior of living systems and to use that knowledge to extend healthy 
life while reducing the burdens of illness and disability? Wouldn’t 
another goal of osteopathic research be to develop, maintain, and 
renew through the highest level of scientifi c integrity our capacity 
to prevent disease? While these are clearly osteopathic goals, these 
are also the explicit goals and mission of the National Institutes of 
Health (3). It is critical that members of the osteopathic profession 
who feel it is important to link osteopathic to research remember 
that a substantial amount of the research that has been identifi ed 
by the profession as osteopathic was developed, performed, and 
interpreted by investigators who know nothing about osteopathic 
principles and practices.

Science and research are intended to be blind to labels. All sci-
entists and clinicians should be united in the pursuit of an evidence 
base that leads to improved effi ciency and quality in the provision 
of health care. The osteopathic profession, as a recognized mem-
ber of the biomedical community, needs to fully engage in its dual 
responsibility of providing the best level of care based on current 
knowledge and of aggressively advancing that knowledge. The 
future contributions of the osteopathic profession will and should 
be judged on the merits of D.O.s within the scientifi c community 
in addition to the profession’s provision of unique health care ser-
vices. Osteopathic should be accurately linked to the practice of 
medicine that promotes patient-centered health care and to pro-
fessionals who are willing to evaluate scientifi c outcomes through 
a set of standards or osteopathic principles that help discern what 

INTRODUCTION

Underlying the inception, establishment, and success of the 
osteopathic profession is its membership’s desire to improve patient 
health. In the 20th century, the level of training of osteopathic phy-
sicians and the service provided by those physicians succeeded in 
placing osteopathic medicine clearly within the biomedical com-
munity, a community challenged with the dual responsibility of 
providing the best level of care based on current knowledge and 
advancing that knowledge to levels previously unimaginable. 
The osteopathic profession was established in the late 1800s in 
response to limitations in the practice of medicine at that time (1) 
and promoted many concepts that have been accepted in the 20th 
century (2). As the 21st century unfolds, the questions and chal-
lenges that the osteopathic profession needs to address are numer-
ous and predominately relate to how its membership will continue 
to contribute to the practice of medicine. Will D.O.s recognize 
their responsibility and opportunity to become leaders in advanc-
ing patient care in both practice and research within the health care 
professions? Will they see health care research as a key component 
of patient care? Will they have the vision and fortitude to con-
tribute to health care through research? Will training institutions 
prioritize education that promotes not only health care services but 
research activities as well? This chapter is intended to provide per-
spectives to compel profession constituencies to assertively answer 
these questions.

To establish a strong foundation for meaningful research pri-
orities within the osteopathic profession, the term osteopathic 
needs to be used more precisely. When the profession transitioned 
from labeling itself “osteopathy” to “osteopathic medicine,” the 
act of changing a noun to an adjective created a problem: osteo-
pathic was suddenly used to modify a variety of nouns in an 
attempt to illustrate distinctiveness. For instance, osteopathic 
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the expected level of infl uence nanomedicine will have in the 
future of health care (18).

The ORT, the second group of experts, consisted of representa-
tives from the following organizations: the American Academy of 
Osteopathy; the American Association of Colleges of Osteopathic 
Medicine (AACOM); the American Osteopathic Association 
(AOA); the American College of Osteopathic Family Physicians; 
the Association of Directors and Medical Educators; the Ameri-
can Osteopathic Hospital Association; the Council of Osteopathic 
Student Government Presidents; the International Federation of 
Manual/Musculoskeletal Medicine; the Osteopathic Research Cen-
ters at the A.T. Still University’s Kirksville College of Osteopathic 
Medicine, the Philadelphia College of Osteopathic Medicine and 
the University of North Texas Health Science Center; the National 
Undergraduate Fellows Academy; and the Postgraduate American 
Academy of Osteopathy. The ORT identifi ed the lack of a unifi ed, 
profession-wide research plan to advance the practice of medicine 
within an osteopathic context. Because within the profession there 
are limited resources available to support research activities and 
because there is a signifi cantly better record in obtaining outside 
funding for basic science research (5,14), the ORT recommended 
continued support for the AOA directive that the profession make 
a concerted effort to prioritize research in osteopathic manipulative 
medicine (OMM) (4,8): “the application of osteopathic philosophy, 
structural diagnosis and the use of osteopathic manipulative treat-
ment (OMT) in the diagnosis and management of the patient” (19). 
This consortium of experts produced a white paper consisting of 
an assessment of the current status of OMM research and a well-
organized set of priorities/specifi c aims with strategies to advance 
OMM research and a profession-wide culture of research over a 
5-year period (20). The ORT identifi ed six domains of defi ciencies 
or challenges within the profession that keep osteopathic medicine 
from having a scientifi cally based impact on the current practice of 
medicine (Table 71.1).

These domains are in research activities, funding and resources, 
research training, infrastructure, health policy issues, and leader-
ship. The ORT White Paper Summary outlines priorities/specifi c 
aims and strategies promoted by the ORT for each domain and 
suggests potential organizations that seem appropriate to take 
responsibility for the various strategies based on the organization’s 
representatives at that time.

The ORT White Paper is a signifi cant contribution to the 
direction of research within the osteopathic profession. It offers a 
vision created by a broad-based collective from numerous constitu-
encies and so represents the insight of the profession as a whole 
while challenging the profession to actively participate in fulfi lling 
its research responsibility. Many of the specifi c aims and strate-
gies of the white paper are related to the fundamentals of creating 
the infrastructure needed to be able to signifi cantly contribute to 
the medical evidence base. While some progress has been made 
in certain domains of the white paper, most of the framework and 
details of the document are still pertinent as we head into the sec-
ond decade of the 21st century.

To appreciate the role of the osteopathic profession within the 
scientifi c community, it is helpful to compare the NIH roadmap 
with the ORT White Paper. By doing so, research priorities for 
osteopathic medicine begin to take shape.

The conclusions presented in the NIH roadmap have signifi -
cant implications worldwide. First, this vision of medical research is 
dependent on highly advanced technology, where outcomes will be 
generalized to establish protocols that create consistent standards 
for the treatment of patient populations. However, these outcomes 
may de-emphasize, minimize, or even ignore the individualized 

best supports the individual’s, family’s, and community’s natural 
health potential. Further, as the practice of osteopathic medicine 
benefi ts from general biomedical research, it should be expected 
that the profession’s scientifi c contributions will be incorporated 
into all appropriate levels of the health care system, as intended at 
the inception of the osteopathic medical profession. The profes-
sion’s distinctiveness is not through labels that sustain isolation. It 
is through the complete participation in the biomedical commu-
nity in ways that are unique and visionary that the true potential of 
osteopathic principles and practice will become evident.

While there has been an ongoing desire and attempt by the 
osteopathic profession to contribute to the scientifi c basis of health 
care (4–12), some report that the degree and quality of such research 
has been limited (5,12–14). Some may argue that the profession’s 
resources in the last century have primarily been directed toward 
training D.O.s (15). As a result, there have been limited resources 
available to perform credible research. Others may argue that the 
resources that were available were not used effectively. While recent 
trends indicate a new level of commitment and success in research 
by the profession (14), it is clear that without a sustained concerted 
set of research priorities, a strategic plan that constituencies within 
the profession can own and consistently engage in, and a broad-
based leadership to drive the strategic plan, the infl uence of the 
osteopathic profession on the provision of health care will wane 
and the potential of the application of osteopathic principles to 
health care will never be realized.

VISIONS OF MEDICAL RESEARCH IN 
THE 21ST CENTURY

In this era of globalization, it is important to appreciate that sci-
ence and health care are global activities. As a result, there are 
personal, family, community, regional, and global considerations 
that need to be considered as the profession develops its research 
priorities. Beginning at the national level, in the past decade, 
two groups of U.S. experts independently convened a series of 
meetings to determine the major opportunities and gaps within 
medical research. One group consisted of over 300 nationally 
recognized leaders and researchers within the health care indus-
try who advised the NIH regarding the future of that Institute’s 
medical research (16). The other group became known as the 
Osteopathic Research Task Force (ORT), created and supported 
by key osteopathic educational, research, and professional orga-
nizations (13,17) to help foster cooperation and collaboration 
across the profession in order to enhance the quality and quantity 
of research evaluating the unique aspects of health care provided 
by osteopathic physicians. The conclusions from both groups pro-
vide a good context for developing research priorities within the 
osteopathic profession.

The group of experts convened by the director of the NIH 
recognized the “daunting challenge” of understanding the com-
plexity of life (16). They noted that no single center within the 
NIH could address the many areas and issues that need to be 
studied to better understand these complexities. Therefore, the 
experts developed a set of research priorities, called the roadmap, 
which was intended to defi ne the Institute’s research direction. 
This group proposed that “progress in medicine requires a quan-
titative understanding of the many interconnected networks of 
molecules that comprise our cells and tissues, their interactions, 
and their regulation.” They concluded that it is necessary to more 
precisely know the combination of molecular events that lead to 
disease in order to advance medicine. Therefore, they emphasized 
the need for cellular and molecular/genomic research, heralding 
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of reductionistic science, the National Center for Complementary 
and Alternative Medicine (NCCAM), a center within the NIH, 
demonstrates the Institute’s recognition that high-quality research 
in more holistic and integrative approaches deserves support as 
well. In 2006 (21), 2007 (22), and 2008 (23), NCCAM supported 
318, 306, and 275 projects, respectively, of which 100, 87, and 92 
were new projects for each year. The NCCAM budget, while only 
a fraction of the total annual NIH budget (just over $20 billion for 
the past 3 years [24]), still provides the largest resource of funding 
for research in complementary medicine practices like OMT. For 
instance, the total costs for NCCAM projects were $97.3 million 
in 2006, $100.2 million in 2007, and $97.6 million in 2008 (24). 
Studies that relate to manual therapies are outlined in Table 71.2.

While many factors can be considered when interpreting 
the extent of federally funded research in osteopathic manipula-
tion, the osteopathic profession has had some success in obtain-
ing NIH funding. As the primary profession that recognizes the 
value of incorporating both complementary/holistic and medical 
approaches into patient care, there is a need, and thus an opportu-
nity, for the osteopathic profession to perform and support research 
that investigates the principles underlying the integrative nature of 
osteopathic medical care.

biopsychosocial aspects of health and disease, important factors in 
the provision of osteopathic health care. Second, because of the 
highly advanced technological resources needed to engage in this 
kind of research, the number of researchers able to participate is 
signifi cantly limited. Third, the sophisticated instrumentation and 
networks required to translate medical advances from this roadmap 
into health care practices may not be available or affordable in all 
regions of the world, increasing disparities in health care services 
worldwide.

Conversely, the ORT supported previous AOA directives (4,8) 
to focus on research in the area of OMM in order to fi ll the research 
void in this area and best utilize profession resources in a concerted 
effort. This decision has signifi cant global implications. By rigor-
ously evaluating the application of osteopathic philosophy, struc-
tural diagnosis, and the use of OMT, positive outcomes from this 
research can impact society on biological and psychosocial levels on 
the individual, family, and community levels. Successful outcomes 
would likely be cost effective and easily distributed since OMM is 
not linked to expensive or extensive technology.

Although some may see these two research directions as 
opposing, it serves the osteopathic profession better to see them as 
complementary. While the NIH roadmap will lead to an expansion 

T A B L E  7 1 . 1

Challenges Facing the Osteopathic Profession in the OMM Research Arena

Domain of Deficiency Examples of Challenges

Funding and Resources Lack of adequate money to fund pilot projects.
Research Activities Insufficient number of OMM research studies underway.

Inadequate interactions between basic and clinical scientists.
Inadequate vehicles for disseminating research results.
Inadequate supply of trained researchers.
Lack of accountability for researchers.
Non-OMM DO specialists question OMM research relevance to their 
practices.
No universally available central data pool on previous research studies.

Research Training Insufficient opportunities for research training in OMM.
No broadly adopted and assessed research objectives/competencies.
No NIH-supported osteopathic medical scientist training program.
No identified mechanism to train and support mid career physician 
scientists.
No dedicated pool of money for timely resident and student research.

Infrastructure No commitment from most colleges of osteopathic medicine to foster 
a culture of research.

Health Policy General paucity of evidence-based medicine to justify reimbursement.
Evidence base that does exist not recorded or disseminated to impact 
stakeholders and health policy decision makers.
Poor communication between OMM researchers, OMM research-oriented 
committees and organizations, and the AOA leadership.

Leadership Unclear OMM research priorities cause lack of cohesiveness in 
OMM research.
No broad-based team given formal recognized authority to serve as 
the strategic leader of OMM research efforts.
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NIH Funding of Manual Therapies: 2006 to 2008

Year
Funding Type 
and ID Title

Primary 
Investigator Location

2006–2008 R01 AT000123 Z Joint Changes in Low Back 
Pain Following Adjusting

Cramer, Gregory D National University 
of Health Sciences

2006 R01 AT000370 Massaging Preterm Infants 
Enhances Growth

Field, Tiffany M University of Miami 
Medical School FL

2006 R01 AT002689 Massage Benefits in HIV+ 
Children: Mechanisms of Action

Shor-Posner, Gail University of Miami 
Medical School FL

2006–2008 R01 AT001927 Effect of Massage on Chronic 
Low Back Pain

Cherkin, Daniel C Center for Health 
Studies

2006–2008 R21 AT001872 Effects of Massage on 
Immune System of Preterm Infants

Ang, Jocelyn Y Wayne State 
University MI

2007–2008 R21 AT002303-02 Treatment Efficacy of OMT for 
Carpal Tunnel Syndrome

Stoll, Scott T University of North 
Texas Health 
Science Center

2006–2007 R21 AT002560-02 Therapeutic Massage for 
Generalized Anxiety Disorder

Sherman, Karen J Center for Health 
Studies

2006–2008 R21 AT002750-02 Craniosacral Therapy in 
Migraine Feasibility Study

Mann, J Douglas University of North 
Carolina Chapel Hill

2006–2008 R21 AT002324–03 Dose-Response of Manipulation 
for Chronic Headache

Haas, Mitchell Western States 
Chiropractic College

2006 R21 AT002751-02 A Model for the Mechanism 
of Action of Massage

Rapaport, Mark H Cedars-Sinai Medical 
Center

2007 U01 AT001908-02 Dose-Response/Efficacy of 
Manipulation for Chronic 
Low Back Pain

Haas, Mitchell Western States 
Chiropractic College

2006–2008 U19 AT002023-03 Mechanisms of OMM Smith, Michael L University of North 
Texas Health 
Science Center

2007–2008 K23 AT003304–02 OMM in Pregnancy: Physiologic 
and Clinical Effects

Hensel, Kendi Lee University of North 
Texas Health 
Science Center

2007–2008 K24 AT002422-03 Midcareer Investigator Award in 
CAM-Osteopathic Medicine

Licciardone, John C University of North 
Texas Health 
Science Center

2007–2008 R25 AT003580-01A1 Expanding Evidence-Based 
Medicine and Research Across the 
Palmer College of Chiropractic

Choate, Christine M Palmer College of 
Chiropractic

2006–2008 R25 AT003579-02 Curriculum and Faculty 
Development in Evidence-Based 
Medicine

Laird, Stephen D A.T. Still University of 
Health Sciences

2007 R25 AT002877–01A2 Competencies in Research in 
Manual Medicine and CAM

Cruser, Des Anges University of North 
Texas Health 
Science Center

2006–2008 K30 AT000977 Chiropractic Clinical Research 
Curriculum

Meeker, William C Palmer College of 
Chiropractic

2007–2008 F31 AT002666 Biomechanics of Spinal 
Manipulation Using a Cat Model

Ianuzzi, Allyson State University 
New York Stony 
Brook
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over any of the current committees or organizations that support 
research but provided a venue where these constituencies came 
together, became educated about the activities occurring out-
side of their immediate focus, and coordinated and strategically 
planned a vision as articulated in the white paper. For the vision to 
be achieved, ongoing communication, coordination, timely assess-
ment of successes and failures, and subsequent refi nement and 
updating of the strategic plan is critical. The ORT or a similar 
body needs to be re-established and supported in the long term for 
the profession to be able to actively and progressively contribute to 
the general scientifi c community.

In addition to the ORT, a greater level of commitment to 
research must come from other entities. An organization, such as 
the AACOM, should take a leadership role in advancing the annual 
reporting of research activities, which could be used to benchmark 
success and refi ne strategic planning. Accrediting bodies within the 
AOA need to demonstrate leadership by emphasizing to colleges 
and hospitals the importance of promoting and participating in 
research. If the profession truly agrees that it has the dual respon-
sibility of providing the best level of medical care based on current 
knowledge while advancing that knowledge, the AOA needs to give 
accrediting bodies the directive and authority to assess an institu-
tion’s progress in research activities. Such leadership is necessary 
because without invigorating research at osteopathic colleges and 
associated research centers, institutes, or medical facilities, the pro-
fession will not succeed in fulfi lling its research goals and societal 
responsibility to improve health care (14,27). Description of the 
ways in which the colleges can lead in research will be discussed 
later as specifi c research priorities are presented. As for practicing 
physicians, they need to see the value of and join a practice-based 
research network and support research fi nancially through their 
alma mater and/or the profession. Future DOs must take the ini-
tiative to become involved in research activities, encourage curricu-
lar content toward critical thinking, research methodologies, and 
evidence-based medicine, and consider pursuing secondary degrees 
in order to expand their clinical research options. Thus, it should be 
clear that leadership which supports research priorities needs to be 
shared at all levels of the profession.

OMM Research Activities

Challenges and Opportunities Facing 
Current Researchers
While the number of practicing DOs is increasing (28), few have 
adequate training to develop and conduct quality research. In addi-
tion, across the biomedical community, the number of clinical 
researchers is diminishing (29,30). Consequently to deal with the 
current defi cit, it is critical to increase the collaboration between 
physicians and scientists both within the profession and without.

Each osteopathic medical school has a cohort of basic scien-
tists who can serve as a pool of potential collaborators for OMM 
research. These basic scientists usually come into the profession 
with little to no understanding of osteopathic principles or of how 
their talents could be used to generate meaningful research in the 
osteopathic practice of medicine. A standardized introductory pro-
gram highlighting osteopathic principles, practices, and models of 
research needs to be developed and provided to all professors enter-
ing the profession, with modifi cations at the college level to high-
light research opportunities unique to that institution. Productive 
lines of OMM research have been established between clinicians 
and basic scientists whose skills appear quite unrelated to OMM 
(31–36). However, both senior and novice clinical and basic sci-
ence faculty must be open-minded and think innovatively to create 

RESEARCH DOMAINS AND STRATEGIES IN 
OSTEOPATHIC MEDICINE

Many of the current and future research priorities of osteopathic 
medicine are consistent with those outlined in the ORT White 
Paper. Consequently, many of the research priorities described in 
this chapter will be presented with headings crossreferencing the 
domains and strategies of the white paper. Additional comments 
on certain specifi c aims and strategies will not be presented because 
the description in the white paper is self-explanatory.

Research Leadership

Research leadership requires the ability to direct or facilitate 
meaningful research activities, a vision to identify pertinent areas 
of research for society, and the ability to disseminate research 
outcomes to effect health care policy and the daily practice of 
medicine. Research leadership in the osteopathic profession has 
been fulfi lled for years by the AOA board, bureaus, and councils 
(5,7,8,25). The AOA leadership has often been burdened by chal-
lenges within the research arena beyond the scope of their typi-
cal responsibilities as a membership organization. Alternatively, 
numerous organizations within the profession have a research 
arm or committee, but their success has been limited due to time, 
isolation, and limited resources. Better coordination of the cur-
rent research-oriented leadership within the various organizations 
of the profession is critical for success of the osteopathic research 
enterprise. Although listed as the sixth domain within the white 
paper, expanding, empowering, and coordinating research leader-
ship must be the fi rst priority of the osteopathic profession. This 
is vital to the establishment of a productive infrastructure that is 
required for the profession to become competitive for NIH fund-
ing and to be able to produce the quality research needed to impact 
medical practice and health policy.

An example of insightful, collective leadership was the promo-
tion of osteopathic research centers (ORCs) within the profession 
(13,17). While only one center at the University of North Texas 
has been funded thus far, this support has resulted in very positive 
outcomes (26). Five of the six NCCAM-funded investigational 
grants to the profession (Table 71.3) were granted to the ORC. 
Building on the outcomes from one of the R21 grants, in 2009 
an R01 was also received by Hodges to study the “mechanisms of 
lymphatic pump enhancement of immune function.” The ORC 
has also received seven funded grants from the AOA since 2006 
(Table 71.3).

The center funding from many constituencies within the 
profession has helped the ORC build the needed infrastructure 
to become a successful contributor to the biomedical community 
while minimizing the fi nancial burden on any one entity. The orig-
inal intent of this directive was to establish a consortium of several 
centers strategically placed throughout the profession (17). Due to 
the success of the fi rst funded ORC and the lessons learned from it, 
funding other ORCs is warranted to further promote the establish-
ment of a successful, profession-wide research infrastructure.

The ORT served an important and unprecedented leadership 
role for a few years, coordinating the Osteopathic Collaborative 
Clinical Trials Initiative Conferences (OCCTICs), helping the 
profession establish an ORC, and developing the white paper. 
After the ORC was established, the ORT no longer had a clear 
mandate and disbanded. As a result, the momentum created by 
the integration of organization leadership diminished and many of 
the initiatives outlined in the white paper have not been addressed. 
It is critical to appreciate that the ORT was not designed to take 
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Grants Awarded by the AOA: Years 2006 to 2009

AOA Grants 2006

Grant Number Principal Investigator Grant Title Affiliation Term of Grant

06-04-545 Donald R. Noll, D.O. Testing Thoracic Lymphatic 
Pump Techniques for Reducing 
Lung Volume in Persons With 
COPD

ATSU/KCOM 1 y

06-11-547 Lisa H. Hodge, Ph.D Lymphatic Pump Manipulation: 
Effects on Lower Respiratory 
Tract Infection and Immunity

UNTHSC/TCOM 2 y

06-11-549 Kendi L. Hensel, D.O. OMM in Pregnancy: Physiologic 
and Clinical Effects

UNTHSC/TCOM 2 y

06-04-550 Brian F. Degenhardt, D.O. Investigation of Inflammatory 
Markers for Effects of OMT on 
Subjects with Low Back Pain

ATSU/KCOM 1 y

1 year, 09/01/2006-08/31/2007

2 years, 09/01/2006-08/31/2008

AOA Grants 2007

Grant Number Principal Investigator Grant Title Affiliation Term of Grant

07-05-554 Richard Hallgren, Ph.D Development of a Standardized 
Protocol for Collecting EMG Data
From Suboccipital Muscles in 
Head and Neck Pain Patients

MSUCOM 1 y

07-41-557 Michael L. Kuchera, D.O. Documenting Mechanics and 
Mechanisms in Pedal Pump OMT

PCOM 1 y

07-04-561 Vineet Singh, Ph.D Changes in Gene Expression 
Resulting From Osteopathic 
Manipulation

ATSU/KCOM 1 y

07-06-562 Richard T. Jermyn, D.O. Effect of OMT on the Use 
of Opioid and Analgesic 
Medication for Chronic Low 
Back Pain

UMDNJ/SOM 2 y

1 year = 09/01/2007-08/31/2008

2 years = 09/01/2007-08/31/2009

AOA Grants 2008

Grant Number Principal Investigator Grant Title Affiliation Term of Grant

08-08-563 Richard L. Williams, III, 
Ph.D, M.S., B.S.

Extension of the Virtual Haptic 
Back for Advanced Palpatory 
Diagnosis With Motion Testing

OSU-COM 2 y

08-11-569 Rita M. Patterson, PhD Functional Hand Kinematics UNTHSC/TCOM 1 y
08-11-570 Shrawan Kumar, Ph.D, 

D.Sc, FRSC
Reliability and Validity of 
Therapeutic Spinal Mobilizer 
and Measurement of Spinal 
Segmental Stiffness/Compliance 
in Healthy People and Toward 
the Development of a Three 
Segment

UNTHSC/TCOM 2 y

(continued )
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08-21-572 Paul R. Standley, Ph.D In Vitro Modeling of Myofascial 
Release: Fibroblast Cytokine 
Regulation of Muscle 
Contractility

UA 2 y

08-11-573 Lisa Hodge, Ph.D The Effects of Lymphatic 
Pump Manipulation on Tumor 
Development and Metastasis

UNTHSC/TCOM 2 y

1 year = 09/01/2008-08/31/2009

2 years = 09/01/2008-08/31/2010

AOA Grants 2009

Grant Number Principal Investigator Grant Title Affiliation Term of Grant

09-12-580 Kristie Grove Bridges, 
B.S., Ph.D

Salivary Alpha-Amylase as a 
Biomarker of the Response to 
OMT

WVSOM 1 y

09-05-581 Joseph Vorro, B.S., 
M.A., Ph.D

Interexaminer Reliability, Validity, 
and Outcomes Study of OMT 
for Patients With Cervical 
Somatic Dysfunction Using 
Three Dimensional 
Kinematics

MSUCOM 2 y

09-05-586 Richard Hallgren, Ph.D Use of EMG Data to Investigate 
the Functional Role of Rectus 
Capitis Posterior Minor Muscles

MSUCOM 1 y

09-10-591 Michael L. Kuchera, D.O. High-Tech/High-Touch 
Translational Care for Multiple 
Sclerosis: Integrating OMT, 
Periodic Acceleration Therapy 
and Therapeutic Magnetic 
Resonance With IsoPUMP 
Maximal Effort Exercise

PCOM 2 y

09-05-592 Jacek Cholewicki, Ph.D The Effect of Osteopathic 
Manual Therapy on Postural 
Control in Patients With Low 
Back Pain

MSUCOM 2 y

09-11-594 Xiangrong Shi, Ph.D Cranial Osteopathy and 
Cerebral Tissue Oxygenation

UNTHSC/TCOM 1 y

09-04-597 Neil J. Sargentini, Ph.D New Rat Model for Pain, Relief 
by Manual Therapy, and Gene 
Expression Studies

ATSU/KCOM 2 y

09-04-598 Brian F. Degenhardt, D.O. Determining the Clinical Value 
of Positional Asymmetry Tests 
of the Pelvis – Phase I

ATSU/KCOM 1 y

09-38-599 John C. Licciardone, D.O., 
M.S., MBA

Mechanisms of Action of OMT 
for Chronic Low Back Pain

ORC 2 y

09-43-605 Mary Goldman, D.O. OMT in Chronic Obstructive 
Pulmonary Disease, Short 
Term Effects in Hospitalized 
Patients

GRMC 2 y

1 year = 09/01/2009-08/31/2010

2 years = 09/01/2009-08/31/2011

(Continued )
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researchers and research centers in the US utilize board-certifi ed 
OMT specialists almost exclusively in the provision of OMT for 
their research trials. At this very early stage of OMT research, 
treatment protocols and providers should be selected to maximize 
the likelihood of fi nding a treatment effect if one actually exists.

Considering the substantial paucity of board-certifi ed OMT 
specialists, even if OMT provided by these specialists is proven 
effi cacious, the information has limited practical utility since there 
are only a few providers in practice to make the treatments available 
to the public. Consequently, if OMT is found to be effective when 
administered by board-certifi ed providers, a task that should be 
more likely than with less trained individuals based on face validity, 
subsequent research should be undertaken to determine whether 
generalists or physicians-in-training can attain similar results.

Although the current research environment within the profes-
sion recommends against the use of student researchers as treat-
ment providers in clinical effi cacy studies, there are research projects 
appropriate for student participation. One area of research ripe for 
student participation involves investigating the baseline palpatory 
skills of osteopathic medical students and determining the impact 
of current training programs on those skills. This area of research is 
also ideal for establishing interdisciplinary collaborations.

Regardless of the skill level of the OMT provider, all treatment 
providers should undergo repetitive training (certifi cation) in the 
specifi c diagnostic skills, OMT techniques, and any other protocol 
parameters associated with a particular trial. Such training adds sig-
nifi cantly to the perceived and actual validity of the provided OMT.

Over the past several years, the Osteopathic Heritage Founda-
tion (OHF) has been instrumental in supporting current research-
ers within the profession by establishing endowments that provide 
resources to augment research programs showing productivity (41). 
This format has been successful in the general clinical research arena 
and their establishment within the osteopathic profession demon-
strates insightful leadership. Such support needs to continue.

Types of Research: Defi ning a Meaningful 
Research Portfolio
A critical goal for research leadership is to create a research port-
folio that prioritizes and strategizes research for a period of time 
(5 year blocks) to optimize utilization of resources and outcomes. 
This section is offered to help individual researchers, funders, 
and reviewers have a framework from which to develop personal 
research and to determine funding priorities.

While not specifi cally outlined in the ORT White Paper, one 
purpose of the initial OCCTIC meetings was to prioritize specifi c 
areas of research. Much debate ensued over the topics and types of 
research that should be initiated fi rst, such as clinical effi cacy versus 
mechanistic studies or studies on musculoskeletal conditions versus 
systemic diseases. This debate continues today.

Clinical Effi cacy Versus Mechanistic Research

Generally speaking, clinical effi cacy research involves exploring 
whether or not a particular clinical intervention is benefi cial. In 
contrast, mechanistic research focuses on how a particular clini-
cal intervention is benefi cial. Most biomedical research progresses 
from mechanistic toward clinical research. For example, scientists 
must fi rst understand the mechanisms by which the body controls 
blood sugar levels before they can develop treatments for diabetes. 
Potential treatments based on these mechanisms are then evaluated 
for safety and optimal dosing in Phase 1 clinical trials, for feasibil-
ity and effect size in Phase 2 clinical trials, and for effi cacy and pos-
sibly cost effectiveness in Phase 3 clinical trials. An understanding of 

these associations. The administration and department chairs at 
each college need to take a leadership role in facilitating these col-
laborations and in identifying, recruiting, and nurturing clinicians 
and basic scientists who are willing to participate in these inter-
disciplinary research teams. Critical for success in fostering these 
collaborations are college administrators who can provide routine 
encouragement to the interdisciplinary research teams with mean-
ingful incentives, such as additional research support (technicians, 
computers), as collaborations become established.

Supporting collaboration with scientists outside of osteopathic 
colleges requires a different strategy. First, it is important to know 
what type of researcher or what type of skill set is needed for a 
particular line of research in OMM. There are disciplines, such as 
engineering, biomechanics, motor control, neurobehavioral sci-
ences, and pain management, that have overlapping areas of inter-
est with OMM, but associations with researchers in these fi elds 
have not been adequately pursued. Osteopathic colleges that exist 
within large universities with signifi cant research infrastructures 
have the opportunity to create collaborations with experts from the 
other colleges within their institution to advance OMM research. 
Establishing these collaborations will only occur if leadership and 
initiative comes from the osteopathic profession to create a research 
question/vision that is meaningful and provocative to these research-
ers. Resources must be given to key osteopathic personnel, particu-
larly research-trained DOs and PhDs, who can identify external 
researchers whose skills seem ideal to perform collaborative research 
within an osteopathic context. Further, the osteopathic researchers 
must routinely monitor the activities of potential collaborators so 
that the research direction and instrumentation within those labs 
are clearly understood. Such knowledge will allow the osteopathic 
researcher to develop meaningful research questions linking the 
independent lab’s areas of interest to research questions that over-
lap with osteopathic principles. Then through interactions set up 
at routine meetings, conferences, or special invitation luncheons, a 
quality presentation of the research idea can be given and hopefully 
a productive collaboration initiated.

Limiting the profession’s success in promoting research is its 
lack of awareness of the current DOs participating in research. A 
profession-wide survey of DOs involved in research activities would 
be useful to identify the current pool of clinical researchers. The 
profession could then develop programming to promote dialogue 
between those researchers. In addition, an underutilized research 
resource is DOs trained in non-AOA sanctioned residencies and 
practice in the general biomedical community. These physicians are 
likely to have the background and connections to facilitate research 
relationships between the osteopathic profession and other disci-
plines within the biomedical community. Therefore, these DOs 
need to be identifi ed, and the profession needs to nurture positive 
relationships with them. In an era where the number of graduating 
DOs is dramatically increasing while the number of DO residen-
cies is not, the AOA needs to develop policies that strengthen their 
relationship with MD trained DOs instead of isolating them.

In previous studies in OMM, osteopathic medical students, 
predoctoral fellows, residents, and board-certifi ed OMT special-
ist physicians have participated as treatment providers. Different 
studies have found positive and negative results from each respec-
tive skill level of OMT provider (37–40). A case can be made that 
if students or residents (relative OMT novices) can have a positive 
clinical effect within a research study then the osteopathic profes-
sion’s contention that all DOs have the requisite skills at gradua-
tion to help their patients with OMT is supported. Yet achieving 
positive outcomes in clinical effi cacy studies may be more risky 
when using novice practitioners. The more experienced osteopathic 
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Musculoskeletal Versus Systemic Disease

OMM was built upon the reports of treatment success for systemic 
diseases. Yet for decades, the practice of OMM has been directed 
more toward musculoskeletal diseases. Musculoskeletal disease as 
an OMM research focus has in its favor the high incidence of mus-
culoskeletal diseases and pain in the general population and the 
high costs of care for these problems. Low back pain alone has 
health care costs of over $100 billion annually in the United States 
(42). The effi cacy of OMT for purely musculoskeletal conditions 
also has in its favor more easily understandable and defensible the-
oretical mechanisms of action. It is relatively easy to understand 
how the application of manually guided forces may affect and align 
elements of the musculoskeletal system with known discrete elas-
tic, plastic, viscous, and colloidal properties. It is more challenging 
to suggest that these forces could improve conditions like irritable 
bowel disease, improve pulmonary function to fi ght pneumonia, or 
resolve recurrent ear infections.

However, only the osteopathic profession has the history, 
incentive, and potential capability to conduct clinical research into 
the use of manually applied, body-based treatment of systemic 
diseases. While research on manually applied, body-based treat-
ment of systemic diseases could be seen as an opportunity, there 
needs to be an open and critical assessment of the training stu-
dents and recent DOs have received in OMM in order to deter-
mine if current osteopathic physicians have adequate training to 
treat systemic diseases with OMT. Regarding manual diagnostic 
and therapeutic skills, members of the profession can talk about 
legacy and licensure, but what are we able to validly report on capa-
bility? For visceral diseases, how much training do our students 
receive in diagnosing the musculoskeletal manifestations of vis-
ceral diseases or treating them with OMT? How much training do 
students receive in the hospital setting treating systemic illnesses? 
How many cases do students report that they used OMT as part of 
the care for common visceral diseases? Over the past 30 years, the 
number of curricular hours in OMM within osteopathic colleges 
has diminished by 50%. How much confi dence does or should 
the profession currently have regarding the effi cacy of OMT? As 
a result of the dramatic changes in OMM training, are the cur-
rent therapeutic outcomes from OMT representative of the model 
itself or of the current training standards? This change in training 
further emphasizes the need to perform observational studies, as 
described in the previous section, so that a reasonable assessment of 
the current therapeutic nature of OMT can be made.

Special Considerations in OMT Clinical Trials

Placebo
Literature on the use of placebo control in clinical trials is amaz-
ingly complex and nuanced, and it is beyond the scope of this 
chapter to provide a review of placebo literature. However, there is 
active and valid debate within the osteopathic research community 
as to whether OMT clinical research should even utilize placebo 
control due to its nuanced complexity. On the one hand, the use 
of placebo control is so ingrained in the medical research culture 
that clinical trials lacking this design component are summarily 
rejected. On the other hand, placebo control in OMT clinical trials 
is so fundamentally misunderstood that the use of a placebo practi-
cally ensures misinterpretation of the associated results.

Central to this debate is an understanding of how a placebo 
intervention is selected for use in an OMT clinical trial. Theoreti-
cally, subjects in the placebo arm of a clinical trial should experi-
ence everything identically to the subjects in the OMT arm with 
one notable exception; they do not receive the active ingredient 

the underlying physiological and pathophysiological mechanisms 
is extremely powerful in the development of effective novel clini-
cal interventions. For this reason (and others), the vast majority of 
research resources in the United States over the last century have 
been awarded to scientists exploring biological mechanisms. The 
underlying principle for this approach is that this wealth of knowl-
edge on mechanisms will eventually translate into applied break-
throughs in clinical care. This principle has been reconfi rmed in 
the NIH roadmap.

This sequence of fi rst mechanistic and then clinical research 
is turned upside down in areas where systems of health care have 
been practiced for hundreds (if not thousands) of years, are broadly 
accepted, and are in popular use. These areas include OMT as 
well as other traditional treatment methods, such as acupuncture, 
Ayurvedic medicine, and the use of botanicals. Since these tradi-
tional treatment methods have weathered the test of time, they are 
generally accepted as safe especially when they do not prevent the 
use of modern treatments clearly known to have effi cacy. Osteo-
pathic clinical researchers often favor effi cacy studies since they do 
not have the constraint of mechanistic research superseding effi -
cacy research in order of priority and because effi cacy studies give 
them the opportunity to “prove” that OMT works.

There are many factors to consider when choosing between 
clinical effi cacy and mechanistic research. Mechanistic research 
has in its favor its relative low cost, a defi ned facility for performing 
the research (a lab), and the potential for variable control. Effi cacy 
research typically costs more, is more diffi cult and time consuming, 
and is perceived as less scientifi cally rigorous due to the high intrinsic 
variability within human subjects and the inability to control many 
signifi cant variables. Even though effi cacy research may lack in prac-
ticality, it has the potential of being more relevant to health care.

What is most important, no matter which kind of research 
is chosen, is to develop a research question with a good basis or 
rationale for why the hypothesis could be true. In the case of cur-
rent clinical research within OMM, developing research questions 
is simple since little research has been performed to narrow the 
fi eld of questions. Yet it can be diffi cult to have a good basis for 
the hypothesis when most claims of the effi cacy of OMT have 
been anecdotal and when the parameters for the condition being 
treated as well as the intervention being performed are poorly 
defi ned. Meaningful research does not come from the enthusiasm 
to “prove” something works but from the burning desire to know 
and understand something better. Too often, osteopathic research is 
performed and little is learned because too many assumptions were 
made in the design of the study. In the back of every researcher’s 
mind must be the concern that time is short and resources are lim-
ited. Poor motives and poor study designs result in poor outcomes 
as well as wasted time and resources. The availability of time will 
be gained when small but sequential steps in knowledge are made 
when answering a question.

This fundamental in science of making small but sequential 
steps in knowledge challenges clinicians and researchers to observe 
phenomena thoroughly fi rst so that appropriate questions, rationale, 
and designs for research can arise from these observations. An obser-
vational study design has the potential of identifying what might be 
effi cacious for a specifi c condition. Based on sound observations, a 
well-controlled, competitive clinical effi cacy study can be developed 
and the likelihood of achieving meaningful outcomes can be opti-
mized. As a patient-focused profession that promotes optimizing 
intrinsic health for each individual, establishing well-designed and 
coordinated procedures to observe characteristics, conditions, and 
treatment outcomes could and should drive the research agenda, 
whether it is in clinical effi cacy or mechanistic studies.
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patient, all other clinical personnel (nurses, therapists, front offi ce 
staff, etc.), the clinical trial coordinators, the data entry staff, and 
the principal investigator(s) should be kept blind. Further, if the 
presence or severity of somatic dysfunction is used as a clinical 
outcome measure, then an osteopathic physician other than the 
OMT provider should perform all pre- and post-OMT palpatory 
assessments of somatic dysfunction. Although this addition greatly 
increases the complexity and cost of an OMT clinical trial, it is the 
only way to eliminate the potential for bias from the unblinded 
OMT provider.

OMT Technique Selection
For many clinical conditions, an OMT prescription will include 
a variety of techniques intended to address different elements 
of the disease pathophysiology and will be selectively tailored in 
response to a given patient’s palpated specifi c somatic dysfunction. 
According to osteopathic principles and practices, an osteopathic 
researcher would likely hypothesize that the greatest therapeutic 
effect would occur when OMT is utilized in this individualized, 
pragmatic, and holistic fashion. On the surface, this method seems 
inconsistent with best research practices, which dictate that inter-
ventions in clinical research trials must be standardized. However, 
on closer examination and with a better understanding of OMT, it 
becomes apparent that a somewhat individualized approach using 
multiple techniques in multiple body regions is most appropriate 
and even critically necessary for quality OMT research at this stage 
of its development.

Using research that investigated OMT in the treatment of 
pneumonia as an example, most clinicians who regularly use OMT 
for this condition would advocate a whole-body treatment that 
included different techniques to (1) improve the biomechanics and 
mobility of the rib cage (bellows), (2) normalize autonomic nervous 
function, (3) remove diaphragmatic impediments to fl uid fl ow, (4) 
minimize the overall body burden of somatic dysfunction, and (5) 
enhance lymphatic circulation and immune function (44). This 
kind of treatment protocol would be performed in a clinical trial by 
having the treatment providers repetitively trained and certifi ed to 
accurately and consistently provide this constellation of techniques, 
individualized to each given patient’s specifi c somatic dysfunction. 
In addition to specifying the time allowed and expected for OMT, 
these providers should be given latitude, based on their training 
and clinical judgment, in order to provide an additional 5 minutes 
of treatment for any additional OMT necessary to enhance the 
patient’s health and recovery. Critics of this methodology argue 
that, in the end, regardless of how positive the clinical outcome, 
this kind of trial is valueless as nothing can be known about which 
techniques caused the improvements.

Proponents of this multifaceted OMT design emphasize that 
until it has been proven that OMT is actually effective, there is 
no reason to design a trial with methodology focused on underly-
ing mechanisms. With so very little defi nitive OMT clinical trial 
research completed at this time, the highest research priority at 
present is to design trials that fi rst determine whether OMT, under 
even the most ideal circumstances, can have a positive clinical effect. 
Once this has been determined, research efforts and resources can 
be directed to those elements of OMT that contribute the most to 
the positive effect.

Interpreting Results
There are two fundamental types of research errors, Type 1 and 
Type 2, which should be considered when interpreting study 
results. An example of a Type 1 error in the context of OMT pneu-
monia research would be to conclude that OMT helps pneumonia 

inherent in OMT. The specifi c placebo selected depends on what 
one hypothesizes is the active ingredient in OMT for a particular 
trial. In order of increasing specifi city, the active ingredient in OMT 
could include physician time and attention, therapeutic touch, 
nonspecifi c musculoskeletal mobilization (jostling), and/or rever-
sal of specifi c somatic dysfunctions. If the research question is to 
determine whether the difference a DO makes includes all of these 
potential mechanisms (effects) of OMT, then a placebo should be 
selected that includes none of these clinical interactions (e.g., an 
educational brochure). It is rational to promote that placebo inter-
ventions could include: (1) a DO simply spending extra time with 
the patient (without physical contact) to test effect of OMT versus 
touch, jostling, and somatic dysfunctions reversal; (2) a DO provid-
ing light touch (without movement or intent to treat) to test effect 
of OMT versus jostling and somatic dysfunctions reversal; or (3) a 
DO providing nonspecifi c musculoskeletal mobilizations (without 
the physician intending to produce a therapeutic treatment) to test 
the effect of OMT versus somatic dysfunctions reversal alone. Yet 
most NIH reviewers and clinicians do not understand that OMT 
may actually positively impact health through a combination of 
these potential mechanisms. Evidence indicates that touch itself 
is therapeutic (43), and so by its very nature, cannot be considered 
as a placebo but as an alternative yet overlapping form of treat-
ment. Consequently, research designed to compare OMT to a 
light-touch group is not an adequate placebo design. A no-touch 
control is required in manual medicine research. A design without 
a no-treatment, light touch control group will likely require a larger 
number of subjects than commonly predicted in order to demon-
strate effi cacy because the touch, nonmanipulation group will have 
therapeutic results representing a portion of the therapeutic effects 
of the OMT intervention.

This understanding explains the results of many placebo-con-
trolled manual therapy clinical trials where the touch-only placebo 
intervention produces results that fall between the results of the 
OMT group and those of the no-treat controls (39,40). Since the 
term placebo is so ubiquitously associated with a sham, fake, or false 
treatment, the interpretation that OMT produces results compa-
rable to placebo is the most common and possibly most misleading 
conclusion. Since placebo controls are standard and customary in 
clinical research but are oversimplifi ed and misunderstood, place-
bos should be used properly within OMM clinical effi cacy studies 
but interpreted and discussed cautiously and insightfully in OMT 
clinical trial grant applications and publications.

Blinding
It is commonly accepted that a Phase 3 clinical trial must be dou-
ble blind. This expectation is another signifi cant hurdle for OMT 
clinical trial research. Simply defi ned, double blind means that 
both the patient and the doctor (provider) are blind to research 
intervention group assignments, so neither the patient nor their 
doctor knows which treatment group the patient is in. This is a 
fundamental design element in double-blind studies because 
knowledge of group assignment by anyone involved in care or data 
collection has the potential to bias results. However, it is impossible 
for certain therapeutic interventions to be administered without 
the provider knowing that a given treatment is the real treatment 
and not the placebo. This predicament exists for clinical research 
on surgical interventions, exercise prescriptions, therapeutic ultra-
sound, and, of course, OMT. In fact, clinical trials of medications 
or nutraceuticals represent some of the few types of interventions 
that can truly be double blind by the above defi nition.

In OMT research, the goal is to blind everyone possible. 
Although the actual OMT provider must be unblinded, the 
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Annual Scientifi c Conference and the OCCTIC. While there is a 
long history to the AOA Annual Scientifi c Conference, its format 
has varied, and its outcomes/participation has been quite variable. 
OCCTIC, coordinated initially by the ORT and most recently by 
the ORC, has had success in developing programs for research train-
ing and in coordinating research priorities and strategies in OMM 
research. The last OCCTIC in 2008 was quite successful as an 
interdisciplinary research conference focusing on manual therapies. 
The planning committee for that conference recognized that the 
osteopathic profession is positioned to be a leader and facilitator for 
establishing and continuing such a conference. At that OCCTIC 
meeting, which focused on somatovisceral interactions, osteopathic 
physicians, chiropractors, physical therapists, massage therapists, 
and basic scientists were in attendance. The conference was spon-
sored by all the professions in attendance and by the NIH through 
NCCAM. A book of proceedings from this conference will be in 
press soon (45). While osteopathic medicine has a historical claim of 
rejuvenating the fi eld of manipulative medicine, D.O.s represent just 
one of many disciplines that utilize the hands as part of their thera-
peutic armamentarium. Providing the leadership to advance the 
understanding of the therapeutic potential of palpation should be 
considered an important goal and responsibility of the profession.

Previous interdisciplinary research-oriented conferences have 
been sponsored by the American Academy of Osteopathy over the 
past two decades and have been very well received by both clini-
cians and scientists. Each resulted in a book of conference proceed-
ings (46,47). Unfortunately, outcomes have been limited due to a 
lack of regular interactions between the attendees. Sustaining such 
venues on a regular basis, perhaps on a triennial basis, would be 
quite fruitful for the profession.

To develop a productive research conference format and sched-
ule, stakeholders must be supported in order to develop a coor-
dinated, invigorated, novel, and fi scally responsible conference 
schedule. This leadership is also needed to create a 5- to 10-year 
integrated conference plan that will provide the necessary education 
and exposure to advance the profession’s research infrastructure.

OMM RESEARCH FUNDING AND 
RESOURCE ALLOCATION

Currently, there is funding for OMM research from the AOA 
through the Osteopathic Research and Development Fund 
(ORDF) and from several specialty societies, such as the Ameri-
can Academy of Osteopathy, the Cranial Academy Foundation, 
and several osteopathic foundations like the OHFs. Expanding 
and coordinating these funding resources is vital for the success 
of research within the profession. As a result of the ORT White 
Paper, one goal has already been achieved. The OHFs provided 
matching funds in 2009 with the annual AOA funding for grants. 
As a result (Table 71.3), the number of funded grants has doubled 
and the scope of the grants has increased in comparison to recent 
years. It is projected that these matching funds will improve the 
design and outcomes of these studies and the subsequent potential 
for funding from federal sources.

Personal experience has shown that a successful NCCAM grant 
application requires an experienced research team, good pilot data, 
and an outcome that will have a clear impact on medical knowledge 
and care. Unfortunately, it is not always apparent to reviewers how 
or why osteopathic practices would improve medical knowledge 
and practice. Consequently, it is critical for the AOA to continue to 
expand the funding of pilot studies so that the potential infl uence 
of osteopathic practice on medical care can be shown. Further, as a 
result of the grants being critically reviewed and screened through 

patients when it actually does not. A Type 1 error is the most 
common research error due, in part, to investigator biases and the 
incentives associated with positive research fi ndings and publica-
tions. An example of a Type 2 error in OMT pneumonia research 
would be to conclude that OMT does not help pneumonia patients 
when it actually does. The osteopathic profession must make it a 
priority to be particularly careful not to make Type 2 errors. Out 
of confusion regarding the true research question and a misguided 
perception that the above described OMT technique selection is 
insuffi ciently standardized (unscientifi c), osteopathic researchers 
tend to address important clinical questions with overly restric-
tive OMT research protocols. Consequently, early investigations 
into important questions regarding the clinical effi cacy of OMT 
have ended with negative results (possibly Type 2 errors). Negative 
results (erroneous or otherwise) signifi cantly reduce future funding 
opportunities and investigator interest. Nothing could be more det-
rimental to our quest for truth regarding the effects of OMT than 
this kind of Type 2 error generated by well-meaning, misguided 
osteopathic researchers. Both types of errors need to be considered 
when designing a study and interpreting the results.

Improving Research Sophistication

Maturing OMM research sophistication from pilot studies through 
large, multicenter trials is critical to establish a successful research 
enterprise and expand the current OMM evidence base to a level 
consistent with current scientifi c standards. More and more, clini-
cal studies are reporting on sample sizes in the thousands and tens 
of thousands of subjects instead of tens or hundreds. To achieve 
this level of sophistication, collaboration throughout the profes-
sion is essential. Young, enthusiastic researchers with a promising 
area of research must be given adequate support and resources to 
generate sound pilot data from which these larger studies can be 
developed. Research teams need to use well-designed studies and 
perform multicenter studies within the profession, including espe-
cially the smaller or younger osteopathic schools or colleges who 
may not have the expertise or resources to develop and oversee 
such rigorous study designs but who can, with mentorship, estab-
lish productive data collection sites and develop skills necessary to 
build a productive research infrastructure.

Conferences

Conferences designed to support the osteopathic research com-
munity are an important issue to consider. Currently, there are 
numerous society and professional conferences within the general 
biomedical community, where leading researchers present the out-
comes of their investigations. These conferences are a fundamental 
part of the scientifi c establishment and are invaluable in helping 
all researchers refi ne and create methodologies that will withstand 
critical peer evaluation. These meetings are also instrumental in 
identifying researchers with similar interests and establishing rela-
tionships that could lead to fruitful collaborations. The profession 
should be cautious and not develop alternative scientifi c confer-
ences, thinking that OMM research requires methods or outcome 
measures that are different from the general biomedical community. 
Instead, the osteopathic profession should encourage researchers 
in osteopathic principles or practices to identify the best research-
oriented society and its associated conference that fi ts their area of 
interest and should help them regularly attend and present their 
work at these premier research conferences.

During the past 10 years, there have been two conferences that 
focus on research sponsored by the osteopathic profession, the AOA 
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systems (30,49,50) through the eyes of a clinician researcher and 
to experience the excitement of asking new questions and fi nd-
ing answers that will advance health and the practice of medicine. 
Clinical activities, like behaviors, are diffi cult to change once they 
have been established. Preliminary data suggest that the sooner 
research activities are initiated within the educational experience, 
the more interested the students will be in participating in such 
activities (30,49,50). Consequently, clinician researchers must be 
grown in order for a profession-wide culture of research to be 
developed, where clinicians will be driven to sustain proven health 
care practices and develop new ones that extend healthy life while 
reducing the burdens of illness and disability.

Even though several specialty colleges recommend or require 
residents to engage in research activities, meaningful outcomes 
from those activities have been quite limited (51). A new paradigm 
should be considered that coordinates residents in the same research 
project, either at the same time or over time, in order to generate 
more meaningful training experiences and outcomes that will have 
value within the scientifi c community. This type of programming 
would require longitudinal and possibly multicenter mentorship 
and coordination. Developing such programs within specialty col-
leges or Osteopathic Post-graduate Training Institutions should 
be considered. One of the profession’s research centers/institutes 
could assist in this endeavor by providing the consultative services 
necessary to ensure projects are rigorously designed and support 
the implementation and interpretation of results.

SUMMARY

For many within this profession, much of the information pre-
sented in this chapter will seem very familiar. In fact, some of these 
priorities were identifi ed and reported decades ago (5). Herein lies 
the greatest issue facing the profession regarding research: priori-
ties are supposed to be important and aggressively addressed. There 
is an urgency to have them accomplished or incorporated into rou-
tine activities and expectations. Certainly, there are challenges and 
fi nite resources that must be considered as the profession engages 
its research priorities. It is a daunting challenge to better under-
stand the complexity of life, but with a clear and unifi ed vision, 
good coordination of available resources and responsibilities, and 
adequate accountability, this profession can become a leader in 
the advancement of health care in both practice and research. The 
outcomes from the ORT demonstrate the potential of having a 
unifi ed vision and profession-wide coordination. By reconstitut-
ing and expanding a forum where leading researchers and research 
advocates can meet to inform each other of independent research 
activities and initiatives; to confi rm, update, and advance pro-
fession-wide research priorities; and to coordinate resources and 
action plans, the profession will establish the infrastructure needed 
to become a productive member of the research community. A key 
constituent within the profession that needs to take on a leader-
ship role in achieving research priorities is the colleges of osteo-
pathic medicine. A greater level of commitment and participation 
is needed from each of the colleges for success to be achieved.

As the direction of research at the NIH becomes more tech-
nologically driven in molecular, submolecular, and genomic arenas, 
the osteopathic profession has the opportunity to remain true to 
its legacy by focusing on research in medical care that is broadly 
applicable, holistic, and patient centered. Successful outcomes in 
holistic, patient-centered research will have the potential of infl u-
encing public health policy not just nationally, but globally due 
to the minimal level of technology needed to implement OMM 
approaches. Further, funding for research in osteopathic medicine 

the strategic priorities and portfolio established within the AOA, 
funded grants should be better prepared to successfully compete at 
the NIH level.

While coordination of funds is having a positive impact on the 
profession’s research efforts, the fi nancial infrastructure for sup-
porting research is weak. The ORDF, established in the 1980s to 
support research through AOA membership dues, is not receiv-
ing new funds and is, thus, greatly infl uenced by stock market 
forces. For example, within the past 10 years when the market was 
low, funding of grants was suspended for 2 years until the market 
improved. Each member of the profession should have an invested 
interest in sustaining a successful research enterprise. In order to 
support the ORDF, reinitiating and sustaining dues allocation for 
research must remain an ongoing priority.

Expanding the resources available for research needs to go 
beyond the AOA to include the schools, colleges, and universities 
where DOs are trained. Each institution must take a leadership 
role and seriously consider its fi scal responsibility as a center of 
higher learning, with the goal of promoting scholarly activity and 
expanding the knowledge base of the practice of medicine, while 
not focusing solely on the granting of diplomas and the revenue it 
brings to the institution. Establishing or expanding internal funds 
for pilot projects, especially ones that help provide experience to 
future clinicians and interdisciplinary teams, would greatly improve 
the chances of this profession having an impact on the health care 
industry in this century.

Promoting dual-degree programs, especially ones that foster 
research and promote clinical research careers, also needs to be pri-
oritized throughout the profession’s training programs. While many 
colleges offer dual degrees, enrollment in those programs must be 
encouraged. As numerous allied health professions increase the rigor 
of their programs and grant higher levels of degrees (48), there is also 
a greater need to advance the level of physician training. Earmark-
ing institutional scholarships as well as seeking external funding 
and fellowships to support the development of future osteopathic 
clinical researchers is a critical investment for the profession.

Meetings that coordinate priorities and strategies between the 
profession’s successful research teams and research leaders, like the 
ORT, are important and require a funding stream of support. Pro-
viding resources to maintain an interdisciplinary research confer-
ence in manual therapies should be considered as well. And fi nally, 
a funding strategy that includes many stakeholders within the pro-
fession needs to be developed to achieve success.

OMM RESEARCH TRAINING

While the focus of the ORT’s recommendation in the white paper 
was on OMM research, it seems more appropriate when discuss-
ing this domain to maintain a broader focus, including aspects of 
research topics associated with OMM without being limited solely 
to those topics.

The focal point for research training lies primarily with the 
colleges of osteopathic medicine and begins in the selection process 
of applicants to DO programs. In a supporting role, AACOM can 
help disseminate the research opportunities for potential students 
within the colleges, but the pipeline for identifying and nurtur-
ing students through dual-degree programs and providing various 
research experiences throughout the medical school experience 
clearly lies within the purview of the colleges. While it is common 
that the colleges harness the excitement and idealism of youth to 
encourage students to become good clinicians and lifelong learners, 
students also need to be given the opportunity throughout their 
medical education to observe the nature and behavior of living 
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is currently available through NCCAM at an unprecedented level. 
The successes over the past several years in obtaining NIH fund-
ing illustrate the opportunities and possibilities available to the 
profession, while highlighting the defi ciency within the profession 
in generating fundable research proposals. The profession needs 
to have the foresight to invest in its present and future members 
by establishing an infrastructure dedicated to expanding the evi-
dence base for osteopathic medical care. This infrastructure can be 
quickly built by facilitating interdisciplinary collaborations between 
basic and clinical scientists, both within and outside the profession. 
Concurrently, facets within the profession must relinquish the pos-
turing of the past that isolates us from the greater biomedical com-
munity and is divisive within the profession itself.

While the membership of the profession needs to understand 
the importance of research and participate in research activities 
in general, we must also recognize that our resources should be 
used to promote research that is important to osteopathic prin-
ciples since the level of potential funding is limited compared to 
other areas of biomedical research. While all scientists and clini-
cians should be united in the pursuit of an evidence base that leads 
to improved effi ciency and quality in the provision of health care, 
special interests do enter into this process. Therefore, it is critical 
that all osteopathic physicians have training in research method-
ologies and critical thinking in order to discern strong versus weak 
research and to remain true to the profession’s founding principles 
by advocating for health care approaches that prioritize and pro-
mote intrinsic health for every individual.

There truly is an important role for the osteopathic profession 
and its principles in modern scientifi c activity. Society waits to see if 
and how the osteopathic profession chooses to fulfi ll its dual respon-
sibility of providing the best level of care based on current knowledge 
while advancing that knowledge to levels previously unimaginable.
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K E Y  C O N C E P T S

■ The focus of osteopathic research is more than manual medicine and osteopathic manipulative treatment. The 
osteopathic medical philosophy, described elsewhere, provides the underpinning for the research done, which 
addresses the unique and distinctive elements brought to the health care arena by osteopathic physicians.

■ Evidence-based osteopathic research has a history as old as the osteopathic profession itself. Published osteo-
pathic research was comparable to any research done in a particular era and included several large-scale projects. 
Highlights of over a hundred years of osteopathic research are described and development of the osteopathic 
terminology based on the research is described.

■ Clinical trials utilizing osteopathic manipulative medicine have been accomplished and are being developed. The 
focus on the need for clinical trials research resulted in the establishment of the Osteopathic Research Center.

■ Principles of developing uniquely osteopathic research are based on traditional basic and clinical science design 
models. Due to limited resources and availability of trained researchers, a number of unique adaptations have 
been required to accomplish the osteopathic research agenda. Resources for research grant development and 
writing, “grantsmanship,” and collaboration development are presented.

■ Uniquely osteopathic research has not received extensive federal funding such as from NIH. Funding from these 
sources has increased in the last 10 to 15 years but remains a very small proportion of biomedical research in the 
United States. Osteopathic research has been funded primarily by osteopathic foundations and institutions.

of the AOA Research Task Force, which published two guiding 
documents that facilitated the establishment of, and guidance for, 
the Osteopathic Research Center (ORC) (9,10). In the 2005 AOA 
Research Task Force Report, Research Strategic Direction for the 
American Osteopathic Association (9), the statement is made, “The 
Task Force recognizes the value of areas of biomedical research. 
However, the recommendation is that the AOA focuses its research 
funding exclusively on those areas of research that investigate 
the unique aspects of osteopathic medicine with an emphasis on 
OMM. The breadth of this research focus may include but is not 
limited to:

■ Mechanisms of action of OMM
■ Clinical effi cacy of OMM
■ Interrater and intrarater reliability of palpatory assessment
■ Osteopathic physician and patient interactions
■ Cost-effectiveness of osteopathic health care
■ Methods of teaching palpation and OMM

Based on the prominence of the members and groups repre-
sented by the AOA Research Task Force, also more commonly 
referred to as the Osteopathic Research Task Force (ORT), this 
is the most authoritative guide given to date as to the nature of 
uniquely osteopathic research, and for the sake of discussion com-
prises the topics that are the focus of this chapter. These topics 
have all received research scrutiny in the past but are now receiving 
priority as new OMM-related research projects are planned.

The increased emphasis on and urgency to produce uniquely 
osteopathic research by the osteopathic medical profession was 
articulated in the National OMM Research Synergy White Paper, 
Osteopathic Manipulative Medicine Research: A 21st Century Vision 
(10), where it is stated, “In this era of modern health care, insur-
ers, policy makers and consumers are interested in evidence-based 

UNIQUELY OSTEOPATHIC RESEARCH

The focus of this chapter is clinical research done and documented 
from a uniquely osteopathic perspective. Many faculty members 
at colleges of osteopathic medicine (COMs) have produced sig-
nifi cant research studies in areas not directly related to osteopathic 
principles and practice (OPP), osteopathic manipulative medicine 
(OMM), and osteopathic manipulative treatment (OMT). Exam-
ples of this is the work at Michigan State University College of 
Osteopathic Medicine done by Justin McCormick, Ph.D., in can-
cer research (3,4); by Andres Amalfi tano, D.O., in genetics research 
(5,6); and at the University of North Texas Health Science Center 
(UNTHSC), Texas College of Osteopathic Medicine by Albert 
O-Yurvati, D.O., in cardiovascular function (7,8). At these and 
other COMs, the presence of the basic and clinical scientists like 
Drs. McCormick, Amalfi tano, and O-Yurvati has helped to create 
a research environment in which uniquely osteopathic research is 
more likely to be carried out and at a higher level of quality.

The development of OMM-related research is enhanced in 
institutions that have faculty who are experienced and well-funded 
basic and clinical science researchers in areas other than OMM-
related research. The infl uence and collegiality created by interac-
tions with active researchers enhance the atmosphere likely to lead 
to higher quality research in both the clinical and basic science 
arenas. As discussed later, the collaboration between researchers is 
often central to furthering the research capability of the collabora-
tors. This is particularly true for osteopathic clinicians who forge 
collaborations with basic scientists whose areas of research can be 
related to OPP/OMM/OMT, which has been a key to the devel-
opment of osteopathic research.

The American Osteopathic Association (AOA) has a long his-
tory of promoting and supporting osteopathic research. Crucial 
to the current state of osteopathic research was the establishment 
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to today’s standards, such as adequate defi nition of procedures and 
utilization of control groups.

In the early days, osteopathic research was largely observational 
and the question was how those receiving osteopathic medical care 
fared in their health as compared with those receiving care by allo-
pathic physicians. Examples of some of these studies had relatively 
large sample sizes and comparison groups. In 1911, Whiting (11) 
reported on the impact of OMT on labor and delivery outcomes. 
She reported data for a sample size of 223 women in which 198 
received OMT and 98 did not. The outcome was that the labor 
times for the women receiving OMT were dramatically shorter. 
At the Still Research Institute (funded by the AOA at that time) 
also in the area of OMT and obstetrics, S.V. Robuck reported in 
1933 a chart analysis of 13,816 women who received OMT during 
pregnancy and found the maternal mortality rate to be much lower, 
with only one-third as much of the maternal mortality reported 
in “government bulletins.” (12) While caution is advised in the 
interpretation of the data (13), Smith (14) reported an observa-
tional study with 110,120 infl uenza patients in 1918 to 1919 who 
received OMT and suffered a much lower mortality rate than the 
general population. While such studies may have lacked the rigor 
of modern research design, they were certainly at or above the stan-
dards of the day and are cited here to make the point that large-
scale studies have been carried out in osteopathic research from the 
beginning of the profession.

Other aspects of modern day research emphases are seen in very 
early osteopathic research. The current “bench to bedside” model of 
translational research was pioneered in the work of Louisa Burns, 
D.O., who developed an animal model, primarily rabbits, for explo-
ration of the impact of OMT on visceral function (15,16).

Still’s teaching that OMT had an impact on the whole body, 
visceral physiology as well as the musculoskeletal system, was the 
heart of this early translational research. Dr. Burns also described 
the impact of OMT on humans and its effect on heart rate and 
blood pressure (15). Dr. Burns’ work is still highly regarded for 
its contribution to the establishment of credibility for OMT and 
distinguished research awards bear her name. However, Wilbur 
V. Cole, D.O. (17), who worked with Louisa Burns in the 1940s, 
acknowledged the diffi culty Dr. Burns had in describing the “boney 
lesion” in operationally defi ned terms that are now routine through 
the application of technology (18).

If the early work of Burns, Cole, and others initiated and 
maintained a research consciousness in the osteopathic medical 
profession, the work of John Stedman Denslow, DO, and Irvin M. 
Korr, Ph.D., marked the beginning of the modern renaissance of 
osteopathic research. In the 1940s, technology had advanced and 
after World War II was affordable so that the research laboratory 
at the Kirksville College of Osteopathic Medicine (KCOM) was 
able to produce signifi cant research describing the concept of the 
“osteopathic lesion,” which we now know as “somatic dysfunction” 
(19–23). In their work, the Kirksville group forged an early pattern 
of research article submission to journals outside the osteopathic 
profession, which is a goal reiterated in the present day as a way to 
“spread the word and fi ndings” of uniquely osteopathic research to 
the medical/scientifi c community as a whole.

The funding for the Kirksville group’s research was primar-
ily from the AOA, the A.T. Still Osteopathic Foundation and the 
KCOM. However, as early as 1958, federal funding came from 
the Public Health Service and Offi ce of Naval Research (23,24). 
Through the 1960s and 1970s, funding initially came from the 
National Institutes of Health (25,26). Then when formed, came 
from the National Institutes of Neurological Diseases and Stroke 
(27,28). Current research funding trends mirror the pattern started 

medicine. Therefore, it is of paramount importance for physicians 
to document, through well-designed and well-executed research 
studies, which specifi c aspects of the clinical care they provide 
to patients are proven to be benefi cial. This is particularly true in 
osteopathic medicine. Instead of saying, ‘we know it works because 
patients get better,’ the profession must channel its resources to 
determine through scientifi c research studies whether osteopathic 
manipulative medicine (OMM) does indeed improve patient out-
comes in a broad range of specifi c situations. The profession must 
also elucidate the mechanisms by which this unique, hands-on 
approach to patient care works.”

In an era of increasing costs for health care, insurance com-
panies and other third-party payers are demanding evidence of 
health benefi t for OMM, as reimbursement requests for these ser-
vices are submitted by osteopathic physicians. As described later, 
this fi nancially driven imperative is gradually receiving empirically 
based answers. However, there exist other reasons to generate this 
research, including clarifying the distinctiveness of osteopathic 
medicine, demonstrating the value of osteopathic medical care as 
well as the fi nancial reimbursement for OMM services.

Another compelling reason to generate the evidence base for 
OMM is the very confi dence with which OPP/OMM/OMT 
are taught in the fi rst 2 years of osteopathic medical curricula 
and perception of OMM by rank and fi le osteopathic physicians. 
Osteopathic medical students (OMSs) are entering their medical 
training with a generally higher awareness of, and in many cases 
experience in, research. From the author’s experience in teaching 
at the OMS-I and OMS-II levels, there are more questions being 
asked by students about the research underpinnings for OMM/
OMT. Further, when quality evidence-based OMM research is 
presented, there is a much greater attentiveness to and practice of 
the OMM/OMT lessons by the students.

Furthermore, based on discussions at AOA conventions and the 
AOA House of Delegates with a wide geographic and professional 
diversity of osteopathic physicians, as more uniquely osteopathic 
research is published, the application of OMM/OMT increases in 
clinical practice. Discussion at coding and reimbursement seminars 
at the AOA and American College of Osteopathic Family Physi-
cians (ACOFP) conventions and the American Academy of Oste-
opathy (AAO) convocation also suggest a trend toward increased 
likelihood of reimbursement based on citation of evidence for 
OMM/OMT benefi t, although the greatest success in obtaining 
reimbursement is based on dealing with the complicated, detailed 
and diverse rules for claim submission. This informed observa-
tion is shared by many who are involved in OMM-related clini-
cal research and is based on input and requests from osteopathic 
physicians who want to do more OMM but are constrained by 
reimbursement issues based on insurance and managed care panels 
who cite the lack of research support for the medical necessity for 
OMM services.

DEVELOPING OSTEOPATHIC RESEARCH: 
A HISTORICAL PERSPECTIVE

From Still Through Korr––Studies and Funding

The heuristic value of Andrew Taylor Still’s osteopathic philoso-
phy, principles, and practice has never been in doubt. That is, Still’s 
philosophy and teaching were the source of ideas for the generation 
of research hypotheses. A careful examination of early osteopathic 
research suggests that it was comparable to medical research per-
formed by others of that era. Just as with allopathic medical and 
basic scientifi c research, there were shortcomings in comparison 
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for Complementary and Alternative Medicine (NIH-NCCAM) 
and internally from A.T. Still University.

Multi-Center Osteopathic Pneumonia 
Study in the Elderly

The MOPSE project is a prototype for what is hoped will be a 
number of multicenter clinical trials based on the application 
of OMM/OMT with a specifi c disorder or subject population. 
Through a process of several Focused Research Forum meetings, 
the consensus was developed that the osteopathic treatment of 
pneumonia in the elderly was the strongest area in which OMM/
OMT could be expected to have impact when examined by a mul-
ticentered clinical trial.

The focused research forum reviewed the research literature 
and clinical experience with the treatment of pneumonia. There 
were the experiences of the 1918 to 1919 infl uenza pandemic (14) 
and two preliminary clinical trials that showed benefi t of OMT as 
adjuvant treatment in cases of pneumonia in elderly hospitalized 
patients (39,40). Donald Noll, D.O., was selected by the CTCC 
to be the principle investigator and a grant proposal was assembled 
and submitted in September 2002. The MOPSE study was funded 
at $1,504,871 for a 2-year study by the OHF and a number of 
other osteopathic-supportive foundations, with funding coordina-
tion by the Foundation for Osteopathic Health Services (FOHS). 
Five clinical sites were determined and included hospitals in Kirks-
ville, MO; Stratford, NJ; Columbus, OH; Mount Clemens, MI; 
and Fort Worth, TX.

For MOPSE, the ORC provided oversight on behalf of the 
funders and the A.T. Still Research Institute served as the CTCC, 
selecting the principle investigator, providing direction for conduct 
of the study, and making multiple site visits to train the treatment 
providers and audit charts for the results. The MOPSE study is 
registered on ClinicalTrials.gov and had an active Data and Safety 
Monitoring Board (DSMB). One of the initial challenges was to 
obtain Institutional Review Board (IRB) approvals at each of the 
involved hospitals, and all approvals were acquired.

One other challenge encountered during MOPSE was the 
diffi culty recruiting subjects at all the sites. This was indeed one 
of the “lessons learned” as far as estimating numbers of subjects 
and timetables for study completion. The nature of treatment for 
pneumonia changed from the time the initial OMM/pneumonia 
studies were conducted and in 2005 when MOPSE was in full 
progress, with fewer patients admitted to hospitals for pneumonia. 
Consequently, a 1-year extension to complete MOPSE was car-
ried out by the investigators and their institutions to ensure that an 
acceptable number of patients were enrolled. The direct and indi-
rect fi nancial contributions by these institutions increased the total 
cost for MOPSE, and additional foundation funding was provided 
to engage a clinical trial organization to consult regarding data 
analysis and publication submission.

At the time of submission of this chapter, the MOPSE data 
had been locked, analyzed, and a primary paper and a protocol 
paper were developed by the MOPSE Publication Committee and 
primary investigators. Discussions pertaining to the osteopathic 
contribution to treatment of an avian fl u possibility prompted 
development and submission of the MOPSE OMT treatment 
protocol for publication (41,42). Also at the time of completion 
of this chapter, the primary MOPSE study manuscript was under 
review by a high impact journal that the MOPSE Publication 
Committee determined would provide the greatest distribution for 
the fi ndings. Discussions are underway for a larger clinical trial 
proposal to be submitted to NIH. Such a trial, if positive and with 

in the late 1950s and early 1960s but with different proportions 
and signifi cant support added from foundations supportive of 
osteopathic medicine.

From Korr to the Osteopathic Research Center

The work of William L. Johnston, D.O. and Myron C. Beal, D.O., 
at Michigan State University College of Osteopathic Medicine, 
and Albert F. Kelso, Ph.D., at the Chicago College of Osteopathic 
Medicine, together and individually, kept up the momentum of 
OMM-related research through the 1980s and 1990s. A review of 
the annual AOA Research Conferences proceedings in the Journal 
of the American Osteopathic Association during this period showed 
that these individuals provided the leadership for the conferences 
themselves as well as leadership to develop and defi ne a number 
of the terms now at the center of osteopathic terminology such as 
TART (Tissue texture changes, Asymmetry, Restriction, Tender-
ness) and somatic dysfunction.

The importance of interrater and intrarater reliability of pal-
patory assessment was the hallmark work of these researchers 
(29–32). Review and development of the somato–visceral inter-
actions was also a great contribution (33,34). They also lead in 
research on the impact of OMM on systemic disorders (35–38). 
Perusal of their published papers reveals that the funding for their 
research was primarily from the AOA along with some fi nancial 
support from their respective institutions. Given the breadth of 
their work, it is hard to imagine what could have been done had 
foundation and government funding been available.

CONSOLIDATING RESOURCES: 
OSTEOPATHIC RESEARCH CENTER

Since the late 1990s, the osteopathic medical profession began to 
deal with the need for more and higher quality osteopathic research. 
The ORT was constituted and was composed of representatives 
from AOA, AAO, American Association of Colleges of Osteopathic 
Medicine (AACOM), the American College of Osteopathic Fam-
ily Physicians (ACOFP), and American Osteopathic Foundation 
(AOF). The ORT supported and convened a research conference 
titled Osteopathic Collaborative Clinical Trials Initiative Confer-
ence (OCCTIC). The fi rst OCCTIC was in 1999, and through 
discussions carried on at subsequent OCCTIC meetings, the deci-
sion to establish a national ORC was made in 2001 (2). Through a 
competitive application process, the ORC was placed on the cam-
pus of the UNTHSC, Texas College of Osteopathic Medicine.

The mission of the ORC is “Fostering nationwide collaborative 
OMM research.” The ORC, in collaboration with key members of 
the ORT, has conducted a number of “Focused Research Forums.” 
Bringing together researchers and funders in “focused” discussions 
have resulted in specifi c research projects described below. In this 
way, the creation and existence of the ORC have signifi cantly for-
warded the research agenda of the osteopathic medical profession.

In addition to the ORC, the osteopathic medical profession is 
fortunate to have other research organizations that have received 
signifi cant external funding. One of these, the A.T. Research Insti-
tute, is located on the campus of the A.T. Still University in Kirks-
ville, MO. The A.T. Still Research Institute is actively involved in 
OMM-related research, especially in the area of interrater and intra-
rater reliability of palpatory assessment. It also served as the Clinical 
Trial Coordinating Center (CTCC) for the Multi-Center Osteo-
pathic Pneumonia Study in the Elderly (MOPSE). The A.T. Still 
Research Institute has received external funding from the Osteo-
pathic Heritage Foundation (OHF) and NIH National Center 
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the precedent of the cervical spine manipulation focused research 
forum process, there have been fi ve meetings of a panel of OMM 
research and foundation leaders held during meetings of the AOA, 
AAO, and OCCTIC research conferences to discuss the best 
approach to this concept.

Identifi ed as the “Practice Based Research Network (PBRN),” 
a plan is in development that includes the potential recruitment of 
several hundred physicians who will systematically record standard-
ized data on a number of their patients over a multiple-year period. 
A professional clinical trials consulting company has provided a 
proposal to the panel of osteopathic researchers. In the author’s 
opinion, this would be the most appropriate direction to take in 
osteopathic research. This direction toward an observational study 
refl ects a maturing process in the sophistication and focusing of 
research resources within the osteopathic medical profession and 
is a logical continuation of the ORT consultations begun in the 
late 1990s.

Status of OMM Research

The foregoing discussion of specifi c OMM-related research 
projects, planned and partially completed, represents application 
of many of the research development procedures discussed sub-
sequently. Also, while not exhaustive, the studies cited are good 
examples of the progress of OMM research from professional 
beginnings to the present. The Synergy (10) document and ORT-
guided collaborative efforts have produced results as discussed 
in the foregoing sections. Further progress is dependent to some 
degree on the actualization of the potential of the ORC and other 
research centers as well as support of OMM-related research in 
COMs and postdoctoral training. Some of the channels by which 
research has been developed are discussed next and may provide 
some insight to the reader as to ways to accomplish uniquely osteo-
pathic research.

DEVELOPMENT OF OSTEOPATHIC RESEARCH 
“FROM THE GROUND UP”

As reviewed above, the osteopathic medical profession has embraced 
research from its beginning and has produced a relatively large 
body of research, given the size and resources available within the 
profession. The research history recounted above often refl ected 
the interests of the researcher as well as the resources available to 
support a given research idea.

By the time of the work of Denslow and Korr, there were cer-
tain topics that were deemed priorities for research, such as the 
experimental delineation of the “osteopathic lesion” now termed 
somatic dysfunction. Gradually, OMM-related research priorities 
have been developed and appear to have been infl uenced by per-
ceived needs such as delineated above (9,10). Chapter 71 gives a 
fuller discussion.

It is hoped that the series of discussions in this “Research” sec-
tion of the Foundations for Osteopathic Research, 3e, will constitute a 
solid basis for understanding that will enable the reader to appreci-
ate from where the osteopathic profession has come and where it 
needs to go with regard to OMM research. One of the oft eluci-
dated clinical dictums given to OMSs is to “think osteopathically.” 
This phrase is well understood to mean that considerations of a 
holistic body-mind-spirit, as well as structure-function relation-
ships, are integrated into the thought process of an osteopathic 
medical clinician/practitioner. In an effort to apply similar logic 
to the research endeavor, basic clinical research principles are pre-
sented next.

a signifi cantly larger number of subjects, would have the potential 
to impact the standard of practice for the treatment of pneumonia 
in the hospitalized elderly.

Research Projects Developed by 
the Focused Research Forum Process

Otitis Media
To date, the MOPSE study constitutes the largest multisite pro-
spective clinical trial in the osteopathic medical profession. Previous 
studies with tens of thousands of subjects were retrospective obser-
vational studies (12,14). Once the MOPSE study was underway, 
another set of focused research forums were hosted by the ORC on 
the topic of OMT for the treatment of otitis media. It was felt by 
osteopathic research leaders to have high clinical research potential 
based on published literature and clinical practice (43–46).

A six-site multicenter clinical trial proposal was developed 
through the focused research forum process and submitted to 
osteopathic-supportive foundations as the Multi-Center Osteo-
pathic Otitis Media Study (MOMS). However, MOMS was not 
funded by the osteopathic foundations due in part to considerations 
brought to light with lessons learned from the MOPSE study. 
However, a reduced scope, two-site clinical trial proposal titled 
Osteopathic Otitis Media Research Study (OOMRS) was submit-
ted to the AAO’s Louisa Burns Osteopathic Research Committee 
(LBORC) and was funded with $100,000 for 2 years.

At the time of submission of this chapter, OOMRS was in 
its second year of recruitment of subjects. This trial is registered 
on ClinicalTrials.gov (48), has an active DSMB, and has oversight 
by AAO-LBORC. If results are positive, the data collected will 
constitute the basis for submission of a grant proposal at the R21 
award level probably to the NIH-NCCAM.

Cervical Spine Manipulation: Safety and Effi cacy

Utilizing the focused research forum process, the ORC responded 
to requests from the AOA Council on Scientifi c Affairs to exam-
ine the AOA Position Paper on Osteopathic Manipulative Treat-
ment of the Cervical Spine, based on some reports of neurological 
damage and even death from cervical spine manipulation (49,50). 
The ORC convened a “blue ribbon” panel of researchers in 2006 
and again in 2007. Reports of these focused research forums were 
made to the AOA Council of Scientifi c Affairs in 2006 and to the 
AOA Bureau of Scientifi c Affairs in 2007 (51). The AOA House 
of Delegates accepted the reports and recommended funding of a 
clinical trial on the effi cacy of OMT for neck pain. At the time of 
this writing, there have been no grant applications submitted to the 
AOA Council of Research on this topic.

Concerns about cervical spine manipulation resulted in some 
professional liability insurance companies to temporarily curtail 
issuing policies to osteopathic physicians who did OMT on more 
than 25% of their patients. Negotiations with these insurance 
companies by the AOA were successful in resolving these con-
cerns. The ORC reports (51) pointed out that the preponderance 
of reported and litigated instances of adverse events from cervical 
spine manipulation involved providers not trained in or licensed to 
practice osteopathic medicine.

Observational Studies on the Effects of 
Osteopathic Medicine

This initiative has grown out of interest by leaders of osteopathic-
supportive foundations, primarily the OHF and FOHS. Using 

Chila_Chap72.indd   1056Chila_Chap72.indd   1056 8/6/2010   1:37:55 PM8/6/2010   1:37:55 PM



 72 • DEVELOPMENT AND SUPPORT OF OSTEOPATHIC MEDICAL RESEARCH 1057

one who may not be very familiar with a particular topic but is 
interested in exploring research possibilities.

Assessing Resources for a Project

In all the OMM research training workshops mentioned above, the 
point has been made that the project must be conceived and carried 
out within the limits of available resources. This includes funding 
for subject compensation, treatment providers, research coordina-
tors, and technical assistance. Also included in the resource avail-
ability considerations are the clinics from which subjects would be 
recruited, to determine whether or not there will be an appropriate 
number of subjects, and if the investigators have the time and assis-
tance to recruit and consent the subjects. These considerations are 
essential for planning successful research and are based on recent 
experience at the ORC, as each item has been a source of challenge 
in one or more of the OMM research projects completed or cur-
rently under way.

Biostatistical and Design Issues

No matter the design of the project, training in and the availabil-
ity of experienced biostatistical consultation are crucial to address 
the myriad of questions regarding outcome measures. For example, 
questions regarding “before and after” or “serial measures,” whether 
or not you are doing a “prospective” or “retrospective” study, are 
issues that impact the kind of statistical analysis that can be used. 
Since some statistical tests are “stronger” than others, this becomes 
a critical matter for which expert guidance is needed.

Mentors and Collaborators

One element of the ROOM TO RUN conference of OCCTIC 
was the opportunity to make contact with mentors and collabora-
tors. For the young investigators, students, and residents, the con-
tact with a mentor or senior collaborator is most helpful, if not 
necessary to begin the process of OMM-related research. Most 
COMs have basic scientists on faculty who are willing to mentor, 
but OMM mentorship from a clinician may be harder to fi nd. The 
ORC has limited time resources to provide mentorship but has 
consulted on many questions of research design and networked to 
build research collaborations, the essence of its mission statement. 
This topic of mentorship is of nearly universal interest in the world 
of biomedical research and has received much consideration (54).

One means of locating a collaborator, especially if you have 
an idea about a biomarker or outcome measure for the effects of 
OMM/OMT, is the Computer Retrieval of Information on Sci-
entifi c Projects datebase (55). Another resource is the National 
Science Foundation Web site (56). At the 2007 AACOM Annual 
Meeting, an excellent panel titled “Collaboration on a Shoestring 
Budget or None at All” dealt with the collaboration issue in several 
presentations and is another fi ne resource to access (57).

Grant Writing and “Grantsmanship”

The NIH form SF424 (R&R) is necessary for electronic submis-
sions to most NIH award programs (58). This electronic format 
is based on form PHS 398, which is the basic format for most 
external research grant applications to foundations and state and 
federal agencies that do not require electronic grant submissions 
(59). Familiarity with these forms helps to focus the writing pro-
cess, as a research proposal is formulated. Some COMs have a 
grants management offi ce that can assist in the writing process, 

Principles of Research––An Osteopathic Adaptation

The realization by the ORT and other key researchers and research 
funders that a research consciousness needed to be developed within 
the osteopathic profession was the motivation behind the mission 
statement adopted by the ORC, “Fostering nationwide collabora-
tive OMM research.” There have been a number of efforts to pres-
ent research skills training opportunities to OMM faculties and 
particularly to students and residents.

Comprehensive programs have been provided at the AOA 
Research Conference at the 2005 AOA Convention, featur-
ing a half day devoted to “Clinical Research Training Program: 
Designing Residency Research.” Again at the Research Confer-
ence at the 2006 AOA Convention, there were featured presenta-
tions on “Osteopathic Research––Training at our Colleges,” and 
“Getting Published: What You Need to Know about Reporting 
Research in Biomedical Journals.” In 2006, at the OCCTIC-VII 
program, “Developing Excellence in Osteopathic Research” held 
in Birmingham, AL, there were panels and presentations on the 
development of research ideas into viable research projects. The 
program for OCCTIC-VIII in Colorado Springs was completely 
devoted to the development of research and was titled “Research 
Opportunities in Osteopathic Manipulation: Training Our Resi-
dents and Undergraduates Now! (ROOM TO RUN).” There 
have been other similar programs offered at state and society 
meetings and more are planned as the numbers of osteopathic 
clinical researchers who can provide training grow and the qual-
ity of OMM research attracts more students and residents to 
consider a research career or becoming involved in active OMM 
clinical research.

The essence of these research skills training programs centers 
on several main issues:

■ Types of research
■ Defi ning a research question
■ Assessing resources for a project
■ Biostatistical and design issues
■ Mentors and collaborators
■ Grant writing and “grantsmanship”
■ Pilot studies
■ Leveraging pilot studies into larger projects and grants
■ Conducting a clinical trial––IRB and research coordinators

Types of Research

From the perspective of evidenced-based medicine, there is a 
hierarchy of the types of research in an ascending order as to the 
strength of the evidence for a particular subject. The generally 
accepted order is (52) (a) expert opinion, (b) case reports or series, 
(c) case-control studies, (d) cohort studies, (e) randomized con-
trolled trial, and (f ) systematic review, with systematic review being 
the strongest form of evidence.

While there have been many systematic reviews of various 
forms of treatment of musculoskeletal disorders, there has been 
only one done on OMT (53). This systematic review was support-
ive of the benefi t of OMT for low back pain.

Defi ning a Research Question

Essential to defi ning a research question is knowledge of the area 
under consideration. Skill at doing a literature search is essential. 
Databases related to OMM are described in some detail in Chap-
ter 74. Researchers who have published in a particular area are 
also valuable resources for the novice researcher as well for some-
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revealed what has been a part of every clinical trial done in the 
last 20 or more years. IRB requirements for the protection of the 
public have become a major consideration and require considerable 
preparation and often a back-and-forth process between research 
team and IRB to obtain fi nal approval for a project.

Research coordinators often are skilled at the IRB review pro-
cess and are of invaluable assistance as a part of the research team 
in this respect. The recruitment and consent of subjects are an 
increasingly complex process as the consent form approved by the 
IRB can be lengthy and requires careful presentation to a prospec-
tive subject.

Even to experienced researchers, the IRB approval and subject 
recruitment issues can be challenging. For newer researchers, it will 
be helpful to become as familiar as possible with these aspects of 
the research process.

In depth consideration of several of these research issues is 
made in Chapter 74. Some overlap in content may be fruitful in 
stressing crucial themes and skills necessary to carry out successful 
OMM-related research

Osteopathic Applications of Research 
Development Principles

Research Done During Residency Training
Virtually every medical resident trained in the United States has 
had to fulfi ll a requirement to do a research or scholarly activity 
project. It is diffi cult to do a full-fl edged clinical trial while com-
pleting residency requirements, but certain fruitful lines of research 
pertaining to OMM/OMT have began during residency training.

In the last 10 years, several clinical studies completed dur-
ing residency have reached publication. Three noteworthy studies 
were carried through to publication by the resident. An emergency 
medicine resident at St. Barnabus Hospital in Bronx, NY, pub-
lished fi ndings that OMT in the emergency department benefi ted 
acute ankle injuries (67). At the Michigan Hospital and Medical 
Center, Detroit, MI, a family practice resident published fi ndings 
suggestive of benefi t of OMT in reducing length of hospitaliza-
tion for patients with pancreatitis (68). At the Kirksville College 
of Osteopathic Medicine (KCOM, now the A.T. Still University), 
an OMM resident published fi ndings on the nature of the mus-
culoskeletal system of a newborn from the cranial manipulation 
perspective (69). At the Osteopathic Medical Center of Texas in 
Fort Worth, an OMM resident joined with a mentor to publish 
an elucidation of the impact of OMT as a credible intervention. 
Active OMT intervention is perceived as more credible than sham 
OMT (70).

All of these published studies have been cited in subsequent 
studies and have provided the basis for trials of related disorders 
using OMT. All of these publications were preceded by poster or 
abstract presentations and received some fi nancial support from the 
institutions in which the residency program operated.

Research Done During Medical Student Training
There is a wide variety of research backgrounds found in each year’s 
new group of OMSs. Some matriculate with extensive research 
backgrounds including having multiple publications. A number of 
student research projects develop from ideas of mentors who have 
already published in a certain area and are initially presented as 
abstracts at research conferences. An example is the study on the 
impact of the CV4 maneuver on autonomic nervous system bal-
ance during paced breathing done by students and their mentors at 
the Western University of Health Sciences (71). Another example 
of student-involved research initially presented as a poster/abstract 

but the purpose of the present discussion is to encourage the reader 
to integrate this aspect of “research work” into their awareness and 
training.

The process of “grantsmanship” includes getting to know the 
agency, institute, or foundation to which you would likely submit 
a grant proposal. What have they funded? What are the submis-
sion guidelines? Who do you know that was successful in a grant 
submission to the entity you are considering and can tell you the 
types of issues to be covered? In most grant submission processes, 
the investigator will receive feedback from reviewers on their 
particular submission, and this feedback should help guide future 
submissions.

With regard to grant writing, NIH-NCCAM has provided a 
grant writing workshop that dealt with all these issues and will 
remain posted substantially beyond publication of this book (60). 
An agenda, outline, and some content of this grant writing work-
shop are also available online (61).

Two other valuable resources for research with an OMM per-
spective are the Manual of Basic Tools for Research in Osteopathic 
Manipulative Medicine (62) published by the ORC and the AOA 
Research Handbook published by the AOA (63). These two publi-
cations provide detailed guidance on research conduct and grant 
development.

In a broader context, but with application for OMM research-
ers contemplating submission to NIH, there have been several 
articles and reviews that give further insight, based on experience, 
about the grant application process (64–66). As more and more 
foundations and agencies pattern their grant application process 
after NIH’s, these articles may be very helpful in any context.

Pilot Studies

Prototypical of government and foundation funded pilot projects 
is the NIH R21 “Exploratory” grant mechanism. The R21 mecha-
nism for a clinical trial typically allows for 2 years of support and 
requires a proposal with a number of subjects at 60 or more, with 
active intervention, sham intervention, and no-treat control group. 
What researchers have found is that to be competitive for an R21, 
there must be considerable “preliminary data” to suggest that there 
is effi cacy to the intervention to be studied. This requirement is 
usually met by intramural seed grants funded by a researcher’s 
institution or sometimes by the AOA, AAO or, in some cases, by 
an osteopathic-supportive foundation. Only a few COMs have 
allocated the resources for pilot studies, but when they have, as 
described below, there is often reward in funding at the higher lev-
els afforded by foundations and governmental agencies.

Leveraging Pilot Studies into 
Larger Projects and Grants

This consideration is an amplifi cation of the pilot study discus-
sion, but mention of this concept is placed here to emphasize its 
importance in the research planning process. Specifi cs are discussed 
subsequently and illustrated in citations of student and resident 
research projects that have been published in peer-reviewed jour-
nals and, in some cases, leveraged into larger research projects.

Conducting a Clinical Trial––IRB and 
Research Coordinators

As the osteopathic medical profession progresses in its OMM-
related research endeavors, appreciation of the complexity and 
infrastructure needed for the completion of successful studies has 
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A number of DO/MS students, primarily in the Pre-Doctoral 
Fellowship program in the OMM Department at UNTHSC-
TCOM, have produced Master’s degree theses and abstracts that 
have provided pilot data for research grants and explored research 
topics that otherwise might never be considered. Central to an 
NCCAM R21 grant submission that was awarded to an investiga-
tor at the ORC on “Treatment Effi cacy of OMT for Carpal Tunnel 
Syndrome,” were two master’s theses that generated the preliminary 
data showing the OMT benefi ts for reducing pain and improving 
nerve conduction. These two Master’s degree theses results were best 
accessed by the citations to research conference abstracts (83,84).

One topic that started with student and master’s thesis research 
is showing the effects of OMM on physiologic functions such as 
heart rate variability (HRV). A student project (85) was completed 
almost simultaneously with a master’s thesis (86), both showing 
improvement in HRV after OMT. Interest in this topic has been 
high, as a research project related to OMT and HRV did not show 
any differences between OMT and Sham OMT (87) but sug-
gested that the trend may produce signifi cance, had the sample size 
been larger.

Other ideas that were explored at the student and master’s 
thesis level of research were the impact of OMT on postoperative 
nausea and vomiting (88), the immediate effects of splenic pump 
on blood cell counts (89), and the role of OMT in the treatment 
of fi bromyalgia syndrome (90). All of these studies reported insig-
nifi cant results, but that is beside the point. What is signifi cant is 
that these studies were carried out in the fi rst place. It is at this 
very preliminary phase of research that ideas are explored, and the 
published report, abstract, or poster may point the way to a better 
design or deter further study as likely unfruitful.

The fact is that a number of studies do not produce signifi cant 
results and that these results are published is a healthy sign. Not 
only does this speak to the integrity of the research effort but it 
also shows the research energy and high quality of effort put forth 
by osteopathic students, residents, and physicians who are involved 
in OMM research. Some level of preliminary data are always 
required for NIH, federal government funding agency, or founda-
tion research grant submission. Research “from the ground up” is 
the status for a profession that has received relatively little exter-
nal funding compared to allopathic institutions. This discussion is 
intended to give the reader at every level of research background, 
medical student through experienced researcher, a fuller idea of 
how OMM research has been synergistic and often interactive.

Model for Support of Student and 
Resident Research Projects

These studies are cited as representative of efforts made through 
the osteopathic profession to promote research by undergradu-
ate OMSs, residents, and dual-degree students. Perhaps the larg-
est program for support of such research is that of the Center for 
Osteopathic Research and Education (CORE) located in the state 
of Ohio, with administrative offi ces at the Ohio University College 
of Osteopathic Medicine (91) The research support to students 
and residents located in Ohio is very strong and well staffed and 
serves as a model to be emulated. The CORE program is funded 
by Ohio University, the participating training hospitals, and the 
Osteopathic Heritage Foundation.

While not all states have enough osteopathic physicians and 
institutions to replicate the Ohio CORE program, it is a fi ne model 
to replicate if only in certain pieces by another state or consortium 
of states through the respective Osteopathic Post-Graduate Train-
ing Institutes.

is a study carried out at the University of Medicine and Dentistry 
New Jersey School of Osteopathic Medicine, which found that the 
use of certain OMT technique may have benefi t in the treatment 
of acute otitis media (72).

Student-involved studies can be of suffi cient merit to be pub-
lished in a peer-reviewed journal. A student at the New York Col-
lege of Osteopathic Medicine worked with a mentor on a research 
project that demonstrated the patency of certain cranial sutures 
well into advanced age and offered an explanation based on the 
activity of neck muscles and the masticatory process (73). This was 
an exceptional study involving a student. Most student-involved 
research of this caliber has been done in dual-degree programs.

Research Done in Dual-Degree Programs
Several COMs have dual DO/PhD programs. The typical process 
is for the student to take the fi rst 2 years of medical curriculum and 
then the next 2 years are devoted to the PhD work, usually in one 
of the basic sciences. Upon completion of the PhD, the student 
then completes the last 2 years of medical training and proceeds to 
residency training.

Two outstanding publications involving OMM were done by 
students in the dual DO/PhD program at the UNTHSC, Texas 
College of Osteopathic Medicine and in the Integrative Physiol-
ogy Department of the Graduate School of Biomedical Science. 
Empirical demonstration that the lymphatic pump technique 
actually does increase lymphatic fl ow was done on instrumented 
conscious dogs (74). The second signifi cant study documented 
the autonomic nervous system impact of the cranial manipula-
tion maneuver known as the CV4 (75). Both of these studies have 
spawned a number of related research projects, some of which are 
noted below.

Most DO/PhD dissertation projects are in some area of basic 
science not directly related to OMM, but it is hoped that as the 
benefi ts of OMM/OMT are further documented, there will be 
an expansion in many basic science labs to include OMM related 
projects. At the UNTHSC, there is a dual-degree program in the 
OMM Department where the PhD is in “Osteopathic Manipula-
tive Medicine Research and Education.” Currently, there are two 
students in this program. One student, already an osteopathic phy-
sician in the OMM Department and staff of the ORC, received 
a K23 grant award from the NCCAM to study “Osteopathic 
Manipulative Medicine in Pregnancy: Physiological and Clinical 
Effects.” This study is an example of leveraging of previous pilot 
work into an NIH-NCCAM grant award. Preliminary data for 
this K23 included research had been published (76,77) and had 
been presented at a research conference (78).

Based in part on the Knott et al. (74) work, another DO/PhD 
student became involved with research on the impact of OMT 
on the immune system. These studies are being carried out in the 
laboratory of the OHF Basic Science Chair holder of the ORC 
who is one of the faculty in the Molecular Biology and Immunol-
ogy Department at UNTHSC (75). This exciting work has been 
funded in part by a U19 Developmental Center grant awarded to 
the ORC and in part by a grant awarded by the AOA. An ini-
tial publication demonstrated that the lymphatic pump treatment 
increased the leukocyte count and fl ux in the thoracic duct lymph 
in dogs (80). Further research by this DO/PhD student using a rat 
model showed that lymphatic pump treatment enhanced immu-
nity and reduced pulmonary disease during experimental pneumo-
nia infection (81). More recent work from this lab showed that 
the leukocytes came from gut-associated lymphoid tissue as they 
travel to the thoracic duct upon application of the lymphatic pump 
treatment (82).

Chila_Chap72.indd   1059Chila_Chap72.indd   1059 8/6/2010   1:37:55 PM8/6/2010   1:37:55 PM



1060 V • APPROACHES TO OSTEOPATHIC MEDICAL RESEARCH

among funding totals provided by the NIH to the top 500 research 
institutions (106). The JAOA article (105) went on to report that 
the largest COM research funding in 2004 was almost 32 million 
USD at the UNTHSC/Texas College of Osteopathic Medicine.

In the context of these fi gures for all biomedical research, even 
in osteopathic institutions, the funding amounts for OMM-related 
research are very small by comparison. There is no one source that 
keeps records of OMM-related research funding, and indeed from 
review of lists of funding, it is not always possible to tell from a 
project title whether or not the research pertained to OMM in 
any way.

In preparation for this chapter, contact was made with the 
AOA Department of Quality and Research and a list of all research 
projects funded by the AOA was requested. AOA staff was very 
cooperative, and a list of all research funding from 1989 to 2007 
was provided. These were projects reviewed by the AOA Coun-
cil on Research and recommended for funding and approved by 
the AOA Board of Trustees. The funding amounts reported var-
ied from year to year and came primarily from the Osteopathic 
Research Development Fund (ORDF), which was originally 
accumulated from contributions from osteopathic physicians. The 
corpus of the ORDF is approximately 7 million USD and annual 
funding depends on the performance of investments in this fund. 
The total research funding from 1989 to 2007 was $3,276,363, 
with no funding provided from 2002 to 2006 because of invest-
ment portfolio decreases.

From a close review of the titles of the projects funded by the 
AOA, the amount awarded to OMM-related topics was $2,667,062. 
This amount was 81.4% of all the funds awarded to research by the 
AOA. It is worthy to note that the membership organization of 
the osteopathic medical profession does indeed invest the major-
ity of its research funding into OMM-related projects. Most of 
the research funds since the beginning of OMM-related research 
have come from sources internal to the osteopathic profession, that 
is, the AOA, AAO/LBORC, COMs, and osteopathic-supportive 
foundations.

The current major funding provider for projects and pro-
grams supporting osteopathic medical research is the Columbus, 
Ohio-based Osteopathic Heritage Foundation, oft mentioned in 
the foregoing discussions. Data published on the OHF Web site 
document a number of the awards provided since 2000 (107). The 
total amount awarded during this period to support osteopathic 
research such as the Ohio CORE program, specifi c OMM-related 
research projects, capital research investments, endowed research 
chairs, and programs such as the ORC was nearly $30 million. To 
those involved in the development of quality research that provides 
the evidence base for OMM, the contribution of the OHF has 
been the capstone and central to the recent progress reported above 
(105,108). One objective of this Foundation, in accord with the 
ORT strategic plan (105,108), is to provide the necessary support 
to enable the ORC and future possible regional ORCs to become 
self-sustaining with external funding. In light of the leveling off of 
NIH research funding and reductions in certain areas, it has become 
an even more diffi cult task to obtain external funding, which makes 
the contributions of this Foundation much more signifi cant.

The FOHS and a consortium of osteopathic-supportive 
foundations have contributed signifi cantly to the MOPSE study 
and other projects. FOHS leadership is involved in support of 
OCCTIC and in projects such as the osteopathic observational 
research project.

By the time of the publication of this edition of the Founda-
tions for Osteopathic Medicine book, there may be additional data 
on OMM-related research funding. There are other entities that 

Clinician and Basic Science Collaboration

The model set by Denslow and Korr, Johnston and Kelso, and oth-
ers is still a benchmark to be emulated by researchers in the present 
time. It has not been easy to garner collaboration between OMM 
clinical researchers and basic scientists who come out of traditional 
academic settings and whose interests and dissertation work may 
not relate directly to OMM or any other aspect of musculoskeletal 
disease. However, this goal is a high priority for OMM research, 
especially in the mechanisms of actions for OMM and impact of 
OMM on systemic disorders.

When such collaborations are forged, good results come about. 
Certain examples already cited are the mechanism of action research 
on lymphatic fl ow (74) and impact of OMM on immune system 
processes (80–82). Concurrent with other collaborations going on 
at Michigan State University College of Osteopathic Medicine at 
the time, two neuroscientists collaborated with an OMM clini-
cian to demonstrate experimentally induced cranial bone motion 
in cats (92).

More recent basic scientist-clinician collaborations have been 
forged at the New York College of Osteopathic Medicine with 
work on the impact of OMT on Parkinson disease (93) and the 
effect of muscle energy technique on cervical spine range of motion 
(94). At Midwestern University Chicago College of Osteopathic 
Medicine, a series of studies were carried out by a basic scientist-
clinician team, which established a possible means by which cra-
nial bone motion could be measured (95,96) and then related such 
motion to the physiologic process known as the Traube-Hering-
Mayer phenomenon (97).

Funded by the Osteopathic Heritage Foundation, a team of 
basic scientist-clinician researchers at the Ohio University Col-
lege of Osteopathic Medicine have measured the benefi cial effects 
of OMT on Achilles tendenitis (98) and plantar fasciitis (99) and 
developed a virtual reality program, which has been added to the 
medical student curriculum to train medical students in osteopathic 
palpatory diagnosis (100). At the A.T. Still Research Institute in 
Kirksville, MO, a basic scientist-clinician team showed the effect 
of OMT on altering pain biomarkers (101). As part of a Devel-
opmental Center Grant (U19 Award) from NCCAM, work was 
carried out, fi rst at the Midwestern University Arizona College of 
Osteopathic Medicine and then at the University of Arizona Med-
ical School in Phoenix, showing the impact of simulated OMT on 
tissue fi broblasts in vitro. This exciting work on human fi broblast 
showed signifi cant changes in cytokine production (102).

Some of these promising basic scientist-clinician collabora-
tions continue, but it is hoped that more will be developed. This 
will be made more likely as more OMM-related research is gener-
ated at all levels.

FINANCIAL SUPPORT FOR 
OSTEOPATHIC RESEARCH

U.S. funding of biomedical research in 2003 was 94.3 billion USD 
(103), and in 2008 alone, the research departments at allopathic 
academic medical centers averaged 85 million USD (104). The 
total research for all the COMs in 2004 was 101.3 million USD 
(105). These fi gures are for all research funding and suggest that 
there is much more research taking place at COMs than might 
have been imagined; however, it was necessary to lump all the 
COMs together to achieve a fi gure that could rival just one allo-
pathic academic medical center.

With regard to NIH funding alone, the JAOA reported that 
combined NIH funding to all COMs in 2004 ranked 163rd 
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artery disease. J Am Osteopath Assoc 1985;85(5):302–307.

 36. Kelso AF, Grant RG, Johnston WL. Use of thermograms to support 
assessment of somatic dysfunction or effects of osteopathic manipulative 
treatment: a preliminary report. J Am Osteopath Assoc 1982;82(3):59–65.

 37. Johnston WL, Kelso AF, Hollandsworth DL. Somatic manifestations in 
renal disease: a clinical research study. J Am Osteopath Assoc 1987;87(1):
61–74.

 38. Johnston WL, Kelso AF. Changes in presence of a segmental dysfunction 
pattern associated with hypertension: Part II. A long-term longitudinal 
study. J Am Osteopath Assoc 1995;95(5):315–318.

 39. Noll DR, Shores J, Bryman PN, et al. Adjunctive osteopathic manipula-
tive treatment in the elderly hospitalized with pneumonia: a pilot study. 
J Am Osteopath Assoc 1999;99(3):143–143.

 40. Noll DR, Shores J, Gamber RG, et al. Benefi ts of osteopathic manipu-
lative treatment for hospitalized elderly patients with pneumonia. J Am 
Osteopath Assoc 2000;100(12):776–782.

 41. Degenhardt BF. OMT in the Treatment of Pneumonia. In: King HH, 
ed. Building Excellence in Osteopathic Research: Proceedings of OCCTIC-VII. 
March 2006, Birmingham, AL. Available at: http://www.hsc.unt.edu/
ORC/. Accessed August 31, 2008.

need to be cited for their signifi cant contributions to OMM 
research funding. AACOM and AOF as well as the AOA con-
tinue to provide infrastructure funding to the ORC. Securing the 
funds to support OMM-related research is an ongoing process. 
The comments in this section are an attempt to describe the his-
tory and current status of funding support for OMM research, 
which is in part an outgrowth of the realization by the osteopathic 
profession of the need to establish the evidence base for OMM 
(10,105,108).
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K E Y  C O N C E P T S
■ Biobehavioral mechanisms alter health and disease through three basic pathways: physiologic responses to stress 

that lead to disease, behavioral choices that increase or decrease health risk, and behavioral reactions to disease 
that alter surveillance activities or adherence with medical interventions.

■ The major behavioral factors that have been studied and shown to have clear associations with health and disease 
include diet, exercise, sleep, cigarette smoking, tobacco use, alcohol use, and prevention of excessive sun 
exposure.

■ Placebos are also a biobehavioral mechanism that must be addressed in most forms of research. Behavioral 
research strategies must consider the effects of race, direct suggestion, patient belief in the treatment, trust in the 
physician, genetic variation, environmental effects, and nonspecific cause–effect relationships with placebos.

■ As with other types of research, the biobehavioral research process begins with the acquisition of measurement 
data and the development of a hypothesis about the mechanisms involved with the processes under consider-
ation. Selection of the study design, subjects, and analysis methods to be used constitute the major components 
of the process and lead to a systematic analysis of the data.

■ Biobehavioral research and evidence-based knowledge will provide effective and proven treatment strategies 
and render valuable insight into the impact of osteopathic principles and practice. Major topics in biobehavioral 
measurement and research will likely focus on behaviors leading to the development of somatic dysfunction, 
behaviors resulting from somatic dysfunction, quality-of-life (QOL) issues, the effects of pain on function, and 
relationships between somatic dysfunction, and patient self-managing of self-defeating behaviors.

factors may signifi cantly affect health care and health maintenance 
through a variety of direct and indirect mechanisms (2), and these 
effects should be addressed in osteopathic research and clinical 
practice (3–5).

BIOBEHAVIORAL MECHANISMS IN HEALTH

Behavioral components of the mind-body interaction manifest 
in cognitive processes, emotions, and/or physical behaviors. The 
study of cognitive processes (e.g., language acquisition, reading, 
emotional appraisal, memory, attention, mental models or rep-
resentations, learning and cognition, problem solving, ascribing 
meaning, abstraction, and action) primarily focuses on acquisition, 
understanding, retention, and processing of information. However, 
under most circumstances, thoughts, emotions, and cognitive pro-
cesses must transmit information, be translated into motor actions, 
or have identifi able physiologic responses before a behavior can be 
identifi ed. It is for these reasons that many consider mental phe-
nomena to be a special form of physical phenomena (i.e., biobehav-
ioral) and therefore inseparable from physiologic processes.

Biobehavioral factors exert their infl uence through three 
defi ned pathways, which are illustrated in Figure 73.1 (2,6). In the 
fi rst of these pathways, cognition and emotional reactions are creating 
physiologic alterations that contribute to the pathophysiology of 
the disease. An example is the classical stress response (described in 
Chapters 17 and 18) that is associated with increases in blood pres-
sure and heart rate displayed as part of global sympathetic arousal. 
Chronic arousal creates dysregulation. These sympathetic altera-
tions can, in turn, contribute directly to the development of cardiac 
disease and sudden death. Excessive or unwanted stress that creates 
inescapable demands, whether induced by external events or inter-
nal mental processes, can create a sense of powerlessness and alter 

INTRODUCTION

Biobehavioral research involves the investigation of behaviors on 
the maintenance of health and the development of disease. The 
onset of disease is a complex phenomenon that incorporates the 
tissue pathology (musculoskeletal abnormalities), psychosocial and 
behavioral response to that physical insult, and the environmen-
tal factors that maintain or reinforce that disability (even after the 
initial cause has been resolved). A large portion of the measur-
able variance in an individual response to any disease outcome is 
accounted for by the individual’s unique behavior and emotional 
response to the stress of the illness (1). In fact, the majority of 
today’s health woes—obesity, cancer, and anxiety disorders to heart 
disease, hypertension, and adult-onset diabetes—are actually rela-
tively new “diseases of civilization” brought on by our behavioral 
choices and mind-body interactions. Although the concepts that 
the mind infl uences disease processes have long been a part of 
osteopathic medicine, research strategies to describe the mecha-
nisms of disease modifi cation through biobehavioral interactions 
have only recently become a part of evidence-based medicine.

Our current understanding of biobehavioral interactions sug-
gests that these processes are a complex interplay between psy-
chologic, physiologic, environmental, and behavioral factors that 
infl uence health and disease (2). Behavioral mechanisms can alter 
the musculoskeletal, immune, neurologic, and endocrine systems, 
directly and indirectly, thereby infl uencing such medical illnesses 
as cancer and cardiovascular disease. Diet, exercise, drugs, alcohol, 
and tobacco use, along with a variety of other behaviors, modify 
disease progression and/or disease risk. Finally, behaviors directly 
related to seeking or avoiding medical care can have important 
consequences on prevention, early detection, and adherence with 
medical regimens. Thus, the implication is that biobehavioral 
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From an evolutionary standpoint, most neural events can 
be considered to develop and have been selected by evolution-
ary process associated with species survival (2). In this viewpoint, 
stress responses and other emotional patterns are hardwired into 
the central nervous system (CNS) and modifi ed by learning and 
experience. Thus, content and environmental conditions give rise 
to particular responses that can modify the emotional or cogni-
tive response. Essentially, our bodies “learn” about the external 
correlates of internal responses much like a baby learns that food 
and eating extinguish the uncomfortable response later labeled as 
hunger. This process of “learning” can be signifi cantly affected by 
the intensity and chronicity of the stress response under which the 
learning occurred. Less intense and intermittent stressors allow 
more complex and appropriate coping strategies to be learned; 
whereas more severe and prolonged stressors may cause a condi-
tioned biobehavioral response that is less adaptable. In this sense, 
learning may be either adaptive or maladaptive and may affect pre-
disposition to disease.

CARDIOVASCULAR DISEASE

Previous research has shown that stress, whether physical or emo-
tional, perceived or real, often results in characteristic physiologic 
and behavior responses (Table 73.1). The physiologic and behav-
ioral correlates may trigger acute, disease-related events and alter 
the pathophysiology of the disorders (7). Acute cardiovascular 
events, such as ischemic episodes, heart attacks, arterial occlusion, 
and arrhythmias, have been shown to occur with anxiety, bereave-
ment, and anger (3,8,9). Similar effects are also seen with strong 
positive emotions associated with desirable events (e.g., weddings). 
Several mechanisms have been proposed to account for these 
responses, including alteration of sympathetic-parasympathetic 
balance, activation of platelets, alterations of intravascular fl ow 
dynamics, and changes of endothelial function (10,11).

Within these hardwired responses, maladaptive behaviors may 
lead to secondary physiologic responses that may have additional 
adverse consequences. For example, when assessing cardiovascular 
responses, physiologic reactivity is measured by the magnitude and 
the duration of the particular response. Studies have shown that 
increased cardiac reactivity may be a direct index of the underly-
ing predisposition toward developing cardiovascular disorders or 
may refl ect the activity of mediators of cardiovascular risk (12). 
In several studies, exaggerated blood pressure responses identifi ed 
individuals at risk for developing hypertension and atherosclerosis 

neural and hormonal responses, leading to enhanced vulnerability 
to infection and inappropriate response to disease (i.e., viral infec-
tions, wound healing, and cancer).

The second pathway for biobehavioral interactions involves 
behaviors in response to illnesses that are associated with increasing 
or minimizing health risk. These particular behaviors are referred 
to as “high-risk” or “health-enhancing” behaviors. Examples of 
health-enhancing behaviors include diet and exercise (due to their 
ability to minimize the development cardiovascular disease and 
cancer). Tobacco use and alcohol abuse are examples of high-risk 
behaviors typically associated with adverse effects that frequently 
lead to emphysema, lung cancer, and cardiovascular disease. Other 
examples include drug use and high-risk sexual activity. Each of 
these activities conveys a risk or benefi t to an alteration of the 
underlying physiology and/or exposure.

The third and fi nal pathway involves behaviors that occur in 
response to the possibility that a disease is present. For self-managing 
individuals, these behaviors lead to early detection include ongo-
ing surveillance (i.e., retained breast examinations, sigmoidoscopy, 
etc.), recognition of symptoms, and the decision to actively partici-
pate in medical care or follow-up care. If a disease or a symptom 
is identifi ed and a medical regimen is prescribed, adherence with 
the medical regimen (or lack thereof ) is a behavior that can affect 
the outcome of the disease process. On the other hand, high-risk 
behaviors can lead to the sudden discontinuation of medications or 
their erratic administration that can only hinder the effectiveness 
of standard evidence-based medical regimens; such behaviors may 
also create secondary adverse consequences.

There are many situations under which this theoretic disease 
development pathway would be applicable to biobehavioral research 
and might offer distinct advantages in understanding the relevant 
pathophysiologic relationships. The consideration of such pathways 
is in keeping with known stress responses of the somatic musculature. 
This theoretic framework is also consistent with the biologic and 
behavioral responses of individuals with acute and chronic pain.

Disease Development (Pathway “A”)

The major biobehavioral interactions on disease development that 
have been studied involve the effects of stress on health or illness. 
Because of the vast scope of data involving stress, physiologic 
response, and behavioral issues, our intent is to discuss the learned 
mechanisms wherein stress responses affect selected diseases and 
how these variables can be measured and researched.

COGNITIVE AND
EMOTIONAL
PROCESSES

PATHWAY “A”

PHYSIOLOGIC
RESPONSE

DYSREGULATION AND
SOMATIC DYSFUNCTION

HEALTH
ENHANCING

SELF
DEFEATING

PHYSIOLOGIC
RESPONSE

BEHAVIORAL
CHOICE

DISEASE
PRESENCE

BEHAVIORAL
CHOICE

ADHERENCE NON
COMPLIANCE

PATHWAY “B” PATHWAY “C”

Figure 73-1 Common biobehavioral pathways in health and disease.
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HIV. In this setting, stress or drug use may initiate impulsive 
behaviors or may inhibit intentions to avoid the risky behaviors 
(28) leading to impaired judgment, a lack of attention to details, 
or in some instances, disregarding the potential consequences of 
their actions (29).

SLEEP AND CIRCADIAN BIOLOGY

Sleep and sleep wake activities also constitute a major biobehavioral 
mechanism that may lend themselves to biobehavioral research. 
Sleep deprivation and sleep fragmentation result in excessive day-
time sleepiness, chronic fatigue, and other symptoms. Many of the 
symptoms are measurable and distinguishable from depression, and 
they may have some of the same adverse consequences on medi-
cal adherence as depression does (30). More recently, studies have 
suggested that alterations of sleep wake schedule may contribute 
to the development of disease. In one recent study, Bursztyn et al. 
(31) assessed daytime napping in an older patient cohort (n = 455). 
The fi ndings suggested that an afternoon nap appeared to be an 
independent predictor of mortality with a risk odds ratio of 2.1. In 
a separate study using self-administered questionnaires on health 
status and lifestyle (32), the investigators identifi ed that signifi -
cantly longer and shorter sleep times, compared with 7 to 8 hours, 
were associated with increases in total mortality in men. In addi-
tion, female users of sleeping pills and those with self-reported poor 
sleep quality also shared an increased risk of mortality independent 
of sleep duration. Similar fi ndings have been noted by others (33) 
and were noted to be unaffected by later arousal times. However, 
a recent review of the literature on shift work, an extreme form of 
late risers, suggested there is an overall increase in cardiovascular 
risk of 40%. These data suggest that disrupted sleep or signifi cantly 
altered sleep schedules may have adverse effects on medical out-
comes through measurable biobehavioral interactions.

PAIN SYNDROMES

Specifi c diseases need not be the only focus of biobehavioral inves-
tigations. Major symptoms, and specifi cally chronic pain, may 
benefi t from a biobehavioral approach to investigations (34–36). 
In a review from an NIH-sponsored workshop, the current status 

(13–15). Similarly, other behaviors may have adverse affects on 
serum lipid composition, silent ischemia oxidative damage (9,16) 
(such as that seen with smoking), personality styles (e.g., type A), 
and altered coping mechanisms (17). Through the use of biobe-
havioral research approaches, cardiovascular researchers are now 
beginning to enhance our understanding of the statistical rela-
tionships between the cognitions, emotions, and behaviors in the 
development and progression of cardiovascular disease (6,9).

IMMUNE FUNCTION AND INFECTIOUS 
DISORDERS

Immunologic activity has also been shown to be altered by behav-
ioral responses; the impact on disease development is described in 
the Basic Sciences Section of this book. Some of the diffi culty in 
making assessments regarding immune function involves the vari-
ability of the stressors and the dynamic nature of the immune sys-
tem. For instance, natural killer cells have a different response to 
acute and chronic stress exposures (18), and these responses are 
also subject to circadian variations. Changes in latent viral activ-
ity, lymphocyte proliferation, and natural killer cell activity have all 
been demonstrated in response to stress (19–21). These changes in 
immune function and cell numbers may also occur with physical 
stress, such as severe exercise (22). Several immunologic responses 
may also promote facilitating responses. The activation of infl am-
matory mediators, such as interleukin-6 and proinfl ammatory 
cytokines, may alter neural processes to enhance aspects of the 
CNS stress response (23).

Behaviors can have a more direct effect on the development 
of disease by altering bodily functions associated with disease risk 
(24). Perhaps the most classic example involves human immuno-
defi ciency virus (HIV) disease. The transmission of HIV typically 
occurs during sexual activity, intravenous drug use, or through 
other forms of direct contact with bodily fl uids. An attenuation of 
these behaviors or the addition of protective measures can result 
in substantial decreases in the risk of acquiring HIV. Conversely, 
increases in risky behaviors or the occurrence of impulse behaviors, 
as can occur with individuals with certain types of mental health 
problems (25) or during drug and alcohol use (26,27), can change 
routine behaviors of the individual and increase the risk of acquiring 

T A B L E  7 3 . 1

Summary of Major Responses to Stress

Behavioral Responses

Moderate/Short Duration Severe/Long Duration Physiologic Response

Increased attention Diminished attention Increased heart rate
Increased alertness
Enhanced memory and problem-
solving skills

Anxiety
Irritability

Increased sympathetic activity 
(both neural and humoral)

Reduced retention and recall Increased blood pressure
Diminished problem solving Increased catabolism
Insomnia Altered immune function (dependent 

on the duration and intensity of the 
stressor)
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is important in designing effective weight management programs. 
There are data to suggest that routine exercise programs reduce the 
relative risk of developing cancer (52) through either a reduction 
in sedentary activities or weight loss (53). Exercise also appears to 
be an effective coping strategy for stress (22). These effects may be 
related to alterations in mood and a reduction in perceived stress 
that occurs with routine exercise (54). The latter of these effects 
may relate more specifi cally to an attenuation of physiologic reac-
tivity. Unfortunately, for many individuals, increasing stress reduces 
the amount of physical activity undertaken (55). Reduction of 
stress and an improvement in the physiologic adaptability have also 
been cited as possible mechanisms by which exercise could exert its 
effect in cancer.

Our knowledge of the effects of tobacco use dates back to the 
early 1960s. Since that time, extensive data have demonstrated the 
adverse health consequences of cigarette smoking and tobacco use. 
The habitual use of tobacco relates to physiologic responses to nic-
otine (e.g., sense of well-being, arousal, and appetite suppression) 
and the avoidance of or the relief from withdrawal (56). Smoking 
contributes to the development of atherosclerosis, coronary artery 
disease, hypertension, stroke, emphysema, bronchitis, and several 
malignancies through recognized physiologic mechanisms (57). 
Even secondhand smoke may carry some of the habituating and 
cardiovascular responses related to nicotine exposure (58). In this 
regard, prevention may be a more effective strategy for limiting 
cigarette smoking and its adverse health consequences (59). How-
ever, in individuals who smoke, stress appears to be a signifi cant 
contributor to the amount and frequency of tobacco use (55), as 
well as to relapse after smoking cessation. Thus, the combination of 
stress and tobacco use is a self-reinforcing behavioral pattern that is 
complicated by nicotine addiction. Behavioral strategies designed 
to alter tobacco use must address these interactive behaviors to be 
effective (60).

Understanding the issues and relevant research on the health 
consequences of sun exposure is illustrative of the complexity of 
some biobehavioral interactions. Ultraviolet (UV) radiation in 
sunlight has been linked to the development of basal-cell cancers, 
squamous-cell cancers, and melanomas (61–63). For basal-cell and 
squamous-cell cancers, the risk parallels cumulative lifetime UV 
exposure. Routine use of avoidance measures or sunscreen can sub-
stantially decrease the risk of skin cancer. Unfortunately, despite 
increased awareness and research evidence on skin cancer, there has 
been little change in individual behavior. One reason is the belief 
that sun tanning makes an individual look healthier and that expo-
sure to the sun is healthy (64). This persistence of irrational beliefs 
and behaviors underlies these high-risk behaviors. Solid research 
and education is the foundation for changing behavior. For the 
osteopathic physician, healthy lifestyle changes and the formation 
of adaptive daily habits form the cornerstone of the restoration and 
maintenance of health.

Disease-Related Biobehavioral 
Activities (Pathway “C”)

The fi nal general mechanism relating behavior with disease involves 
behaviors that occur when illness is present, suspected, or where 
there is grave risk of illness. Many factors infl uence individual 
behaviors under the threat of severe pathology. When signifi cant 
illnesses are suspected or where there is the potential for illness, the 
perception of “harm” (e.g., fear), and the potential impact (e.g., loss 
of function) may signifi cantly alter the coping response of the indi-
vidual. Socioeconomic factors, issues involved with physician sup-
port or confi dence, the perception of risk, and emotional reaction 

and major directions for biobehavioral pain research were outlined. 
Pain was identifi ed as a subjective experience that could only be 
quantifi ed through behavior (37), and there are many measurable 
behavioral responses to chronic pain that impacted treatment and 
recovery. Consistent with the NIH initiative, investigators demon-
strated that biobehavioral models offer signifi cant insight into the 
mechanisms active in chronic pain (38,39). Several studies suggest 
that dysfunctional information processing occurs, accentuating the 
perception of pain, and reinforcing the concept that learning plays 
a signifi cant role in pain syndromes (38,40). Such mechanisms may 
also be actively involved in the disability associated with several 
disorders (e.g., osteoarthritis and cardiac pain) (5,41), and research 
in this area may have a signifi cant impact in our understanding of 
the neurophysiology of somatic dysfunction (42).

Disease Risk (Pathway “B”)

Several behaviors exert their primary effect by modifying disease 
risk or factors associated with disease risk. The major behavioral 
factors within this category that are also supported by substantial 
data include diet, exercise, sleep, cigarette smoking, tobacco use, 
alcohol use, and the prevention of excessive sun exposure. In general, 
modifi cations of diet, exercise, sleep, and relaxation constitute fac-
tors associated with a protective infl uence over physiologic sources 
of risks. They also function in an indirect manner by minimizing 
the effects of stress and enhancing coping mechanisms. Smoking, 
excessive alcohol consumption, and drug abuse typically fall into 
the category of health-impairing behaviors that directly infl uence 
disease processes and have secondary effects on mood and other 
behaviors. Physical behaviors (e.g., exercise, aerobics, and other 
types of physical exertion) often exert a protective infl uence and 
therefore fall in the category of health-enhancing behaviors. The 
consequences of these physical behaviors may directly or indirectly 
affect pain syndromes, medical interventions, and the natural his-
tory of disease. For example, an individual attempting to undergo 
a weight control regimen without substantial lifestyle changes that 
include increases in activity may experience diffi culty in achieving 
and maintaining weight loss (43,44).

In general, the preponderance of data demonstrating associa-
tion between diet and disease outcomes is found in the cardiovas-
cular literature. Weight gain, obesity, excessive salt consumption, 
and fat or cholesterol intake are major contributors in the devel-
opment of coronary artery disease, hypertension, and stroke. 
Interventions directed at weight loss and weight maintenance 
have engendered some success when the interventions were main-
tained (45) and when the interventions target specifi c ethnic or 
socioeconomic groups (46). These interventions recognize that 
adherence and cultural affects were an important part of an effec-
tive regimen.

The role of dietary infl uence on cancer risk is more speculative 
than the data regarding cardiovascular disease. For example, there 
appears to be an association between fat/fi ber content in the diet 
and the mammography profi le associated with breast cancer (47) 
or recurrence of breast cancer among women with estrogen recep-
tor–positive tumors (48). Whether patients can effectively alter 
their fat intake and weight has also been studied by investigators. 
Several studies have shown that diet can be effectively modifi ed 
(49), secondarily leading to an increase in consumption of healthier 
food (50). These programs appear to be more effective when there 
is good research evidence to support the dietary changes and the 
individuals are aware of the evidence (51).

Exercise appears to exert benefi cial effects by reducing stress and 
increasing caloric consumption. The increasing caloric consumption 
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individual and the placebo, resulting in a biologic improvement. 
However, in a recent review of over 130 clinical trials, Hrobjarts-
son and Gotzsche (77) concluded that there is little evidence to 
support the contention that placebos have powerful clinical effects. 
In their review, the authors concluded that placebos had no sig-
nifi cant effects in most studies with measurable objective variables 
or simple binary outcomes. However, placebo effects were noted 
in trials involving continuous measurements of subjective outcomes 
and those trials involving the treatment of pain. In addition, there 
was a greater likelihood of identifying a placebo effect when the 
experimental and control group sizes were relatively small.

Placebos can generally be categorized into pharmacologic, 
physical, or psychological (77). For the purpose of investigating 
manipulative interventions, an appropriate placebo control is both 
essential and diffi cult to achieve. For individuals who previously 
have undergone manipulative interventions, there is an element of 
learning on the part of the subject that may allow them to differen-
tiate a placebo from an active intervention. Even when naive indi-
viduals can be used, the physical component of touching a patient 
or subject has an active component known as an active placebo that 
creates diffi culty in designing clinical trials. In some instances, as 
has occurred with studies investigating antidepressant therapy (78), 
the placebo effect has a measurable physiologic effect that must be 
considered in the interpretation and the research paradigm.

OVERVIEW OF THE BIOBEHAVIORAL 
RESEARCH PROCESS

The biobehavioral research process can be broken down into arbi-
trary steps beginning with the development of a research ques-
tion and ending with a written report of the research fi ndings 
(Table 73.2) (79). The choices involved in the process are not unique 
to biobehavioral research but have some methodological consider-
ations that should be understood by all researchers. Decisions made 
about the methodologies employed and measurements obtained 
will signifi cantly affect the value and validity of any research (80). 
Overall, the primary goal of the medical researcher and clinician 
is to provide greater understanding of the relationship between 
biologic processes and behavior and to communicate those results 
effectively to both the professional and lay readership.

Osteopathic medicine is being challenged to provide evidence 
of effi cacy for osteopathic manipulative treatment. The evidence-
based outcomes important to third-party payers, clinical profes-
sionals, and patients all involve biobehavioral aspects that must be 
incorporated into any research design. Further, solid experimen-
tal research will need to prove that osteopathic treatment is less 
costly than other alternatives, or that it is an effective alternative 
with objective measurable outcome improvement. Improvement 
means restoring function, quality of life (QOL), and a lessening of 
symptoms. In treatment settings, using biobehavioral measures and 
research may provide a more effective treatment paradigm and may 
render valuable insight into the impact of osteopathic principles 
and practice.

Basic Research Paradigms

The essence of a descriptive research design is to identify the char-
acteristics of a system or an intervention applied, in this context, 
to a patient or subject. Often, comparisons include intensity, mag-
nitude, frequency, or duration of a characteristic (e.g., symptom or 
clinical fi nding) across different phases of the treatment or across 
time. Such research paradigms do not routinely give mechanistic 
insight.

of the individual all signifi cantly affect surveillance efforts (65,66). 
Health beliefs, perceptions of risk, and generalized anxiety regard-
ing disease or illness greatly contribute to avoidance on the part 
of the patient (65,67). Consistent with these concepts, Lerman 
et al. (67) reported heightened anxiety about developing breast 
cancer in association with intrusive thoughts and demonstrated 
some relationship with adherence (68). Similar fi ndings were noted 
in women undergoing genetic counseling for breast cancer (69). 
However, the distress associated with disease risk does not have 
a consistent effect on surveillance activities (70). These fi ndings 
have also been noted in screening for HIV. Studies have linked 
the associated anxiety with undergoing screening and failure to 
follow-up for test results. In general, stress, emotional responses, 
and past stress coping behaviors are often the best predictors (71) 
of adherence.

A variety of behaviors related to the presence of illness may 
arise. Two major behavioral mechanisms affect outcomes in indi-
viduals with existing disease. The fi rst of these mechanisms relates 
to adherence. Medical regimens are rarely effective when patients 
are nonadherent. However, nonadherence may arise from many 
sources, including inadequate understanding (72), forgetfulness, 
confusion, health beliefs, personal (naïve) theories of illness, and 
cost (73). There are few reliable predictors of adherence; however, 
high-quality communication, patient supervision, social support, 
and the recognition measurement and management of underlying 
impairments, especially depression (30), all contribute to improv-
ing adherence (30,73).

PLACEBO AS A BIOBEHAVIORAL MECHANISM

Improvement of a condition during clinical trials or treatment 
can be attributable to one of three causes: natural history, specifi c 
effects of the intervention, and nonspecifi c effects of intervention. 
The latter of the three causes is typically termed a “placebo effect” 
(74). If this effect were to be represented in graphic form with 
the spectrum of intervention along the horizontal axis and clini-
cal improvement along the vertical axis, the placebo effect would 
be represented by gradual improvement in the clinical condition. 
The perceived drug effect would be represented by a more signifi -
cant clinical improvement over the same course of treatment. The 
difference between the placebo and perceived drug effect would 
then be considered the active drug effect (75). Because of the pos-
sibility that new interventions could show improvement simply 
due to a placebo effect, this has typically been cited as a major rea-
son for including a placebo control in most biobehavioral research 
studies.

Measurable factors that need to be included in the design of a 
study and have been shown to affect the placebo response include 
race, direct suggestion, belief in the treatment, trust in the phy-
sician, genetic variation, environmental effects, and nonspecifi c 
cause-effect relationships all interact creating a placebo effect. 
Environmental effects include personal interactions (e.g., the 
doctor-patient interaction), perceptions based on relevant previous 
experiences, and the infl uence of the setting (76). Each of these 
must be considered when planning research protocols, especially 
in light of the potential for interactions between the researcher, an 
examiner, or an intervention. The importance of such effects has 
recently been reviewed with regard to cardiovascular disease (75) 
and pain treatment (74). Some major mechanisms that have been 
proposed to explain the placebo effect include decreased anxiety, 
altered expectations, learning or classical conditioning, and endog-
enous opium release (74–76). In each of these mechanisms, there 
appears to be interaction between the behavioral aspects of the 
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and increase the likelihood of fi nding a signifi cant effect. Other 
factors that need to be considered include the effect of preexist-
ing conditions (covariants), the blinding of researcher and/or sub-
jects, effect size, the power of the study (i.e., a determination of the 
number of subjects needed to have a valid study), and the utility of 
the outcome measures. Nonetheless, hypothesis-driven research is 
critical in developing new knowledge about cause and effect, and it 
is the backbone of good osteopathic medicine.

Basic research paradigms are illustrated in Figure 73.2.

Starting the Research Process

Before a hypothesis may be developed, the researcher must review 
or be knowledgeable about the current body of scientifi c knowl-
edge related to the research question. Occasionally, a paucity of 

Hypothesis-driven research proposes that a certain interven-
tion or perturbation will yield a specifi c result on the basis of prior 
knowledge of the system, disease, or condition being studied. The 
research hypothesis is based on an understanding of an active 
mechanism(s) and is designed to assess how a particular interven-
tion exerts a specifi c effect. For example, a researcher might pro-
pose using a drug that affects a specifi c enzyme known to be the 
cause of a particular disease using an outcome measure pertinent 
to that disease. In this setting, the goal is to see whether there are 
differences in the groups that can be accounted for by the treat-
ment delivered.

In any research, the selection of subjects and other factors may 
affect the outcome or validity of the study. Some research designs 
use random selection of subjects while others may use a highly 
selected population or matched samples to minimize the variance 

T A B L E  7 3 . 2

Steps in Research Design and Implementation

Process Steps Considerations

1.  Develop the hypothesis and the components of the 
hypothesis

Is there sufficient published or preliminary data to 
develop a hypothesis?
Is the hypothesis consistent with the available data?
Is the hypothesis testable?
Has the hypothesis been tested before?
Would testing the hypothesis add to the current body 
of scientific knowledge?
Refine the hypothesis

2.  Determine the methods necessary for testing the 
hypothesis

Determine the biologic and behavioral effects pertinent 
to the hypothesis
Determine the most optimal method for measuring the 
processes. Under some circumstances, this may require 
that methods be developed and validated before 
performing the research
Determine the conditions for the assessment

3. Determine the research design that can be employed Determining the necessary comparisons
Assess the need for blinding and placebos
Determine the subject-selection process
Perform a power analysis

4. Perform the project and analyze the results Identify unforeseen problems with the methods or 
study design
Modify the processes to improve the study

5.  Evaluate the hypothesis in light of the results and the 
limitations of the study

What were the major findings of the study?
How do the data support or refute the hypothesis?
Are these data consistent with prior investigations?

6.  Identify the major findings of the research that verify 
previous findings and those that add new information.

What are the implications of the study and how 
generalizable are the results?
What were the limitations of the study and how do they 
affect the conclusions?

7. Communicate the results. Determine the most appropriate venue for presentation 
of the study
Identify areas for future investigation

Source: From Delahanty DL, Dougall AL, Schmitz L, et al. Time course of natural killer cell activity and lymphocyte proliferation in response 
to two acute stressors in healthy men. Health Psychol 1996;15:48–55, with permission.
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variance within the measurements, determine cause and effect, 
and not jeopardize the validity of the study. There are six factors 
that may jeopardize validity, confound the results, and decrease the 
validity of any conclusions.

Selection into Groups
Groups formed for experimental reasons, with a specifi c illness, 
seeking medical care, and willing to participate in a hypothesis-
driven design where they may receive a sham or no treatment do 
not represent the universe of patients with that particular illness. 
We know, for example, that chronic pain patients who are enrolled 
in multidisciplinary pain clinics are a very unique group of self-
selected patients with whom results do not generalize to the overall 
chronic pain population (40).

Intent to Treat
There is a natural loss of subjects during a study from the begin-
ning to the end. The dropout rates are critical, but of particular 
importance is the question of, “who were the people who dropped 
out and why?” For example, they may have dropped out because 
the treatment was actually detrimental; if those scores were 
included, it would have substantially altered the conclusion. Scores 
not collected often cause a “type II” or false-positive statistical 
conclusion.

Multiple Treatment Interference
The effects of prior treatments are usually not erasable when mul-
tiple treatments are applied to the same person. Such is the case 
with manipulative treatment.

Maturation
Internal cognitive/emotional processes operating during the exper-
iment, including learning, getting tired, unintended reinforce-
ment or punishment for certain behaviors, and so on, affect future 
scores.

Instrumentation
Any change in the measuring instruments or in an observer’s use 
of the instruments or scoring methods produces changes in the 
obtained measurement over time and confounds results.

Measurement Variance
This is the most common factor invalidating research results. Most 
patients are treated and selected into the treatment groups by 
extreme scores to begin with. For example, they may have high pain 
scores, severe impairment in range of motion, or activities of daily 
living, mood, on so forth. Because they were selected on an extreme 
of a bell-shaped curve, they will show subsequent test scores that 
are improved simply as a function of moving from the tail of the 
curve toward the mean average, which is a statistical artifact in 
measuring. In other words, if you take the worst of the worst and 
measure them at that point and do anything to them and remea-
sure in the future, some will have better scores on retesting and will 
have moved toward the average by chance.

For these reasons, the exact specifi cations for the behaviors 
to be studied and the methods for the measurement of intensity, 
frequency, and duration of symptoms are especially important in 
biobehavioral research. These characteristics of each behavioral 
measurement are important variables that must be quantifi ed for 
the study design. Under some circumstances, the characteristics 
may either be dependent or independent variables, as determined 
by the specifi c interaction that is being identifi ed in the design of 
the study and how the variable is quantifi ed and measured.

data exists suffi cient so that a mechanistic hypothesis cannot be 
developed. In that circumstance, the initial research may be descrip-
tive rather than mechanistic, but should be directed toward devel-
oping a suffi cient body of knowledge to advance to mechanistic 
investigations.

The research process begins with a question in the form of 
hypothesis about the mechanism of an effect (81). In general, the 
hypotheses should center around testing mechanisms as opposed 
to descriptive research or, “what happens if …,” as discussed above. 
This simple understanding of the difference between these two 
approaches is diffi cult for many individuals. In descriptive research, 
a system is studied under a given test condition to determine the 
effect or the impact. This style of research is most appropriate for 
situations where basic background information or assessments are 
needed before a more precise experimental model of mechanisms 
can be undertaken. Hypothesis-driven research will typically for-
mulate a research question that may have two or more potential 
outcomes, depending on the mechanism that is active and the 
design that is being employed for the research. The researcher then 
chooses conditions and measurements that allow the clearest delin-
eation between the potential outcomes.

Depending on the type of biobehavioral research employed, 
major interactions between biology and behavior must be addressed. 
In simplest form, these interactions may be summarized as behavior 
affecting the physiologic response, a physiologic response affecting 
a behavior, or behaviors arising in relation to a disease process. The 
relationship that is hypothesized constitutes a possible cause-and-
effect relationship and how to measure the constructs around vari-
ables and which the research plan will be initiated.

To observe the cause-and-effect relationship, the exact behav-
ioral and physiologic variables that are involved need to be speci-
fi ed. In addition, the conditions under which these measured 
variables interact must also be specifi ed in signifi cant detail. The 
research model selected must include controls for the confound-
ing effects found in the interaction between the variables being 
studied and the behavioral/biologic measurements. Essentially, 
specifying the specifi c conditions, behaviors, and biologic pro-
cesses that are involved is necessary to limit outside interactions or 

Figure 73-2 Basic research paradigms. A. Descriptive research. 
Descriptive research typically involves identifying the frequency of 
occurrence and/or characteristics of a system, condition, or popula-
tion under specifi ed conditions across time. B. Hypothesis-driven 
research. Hypothesis-driven research uses known data about a sys-
tem, condition, or population to generate a mechanistic model of 
interaction. Using this model, predictions about the behavior of the 
system or causal relationships between variables are generated. 
Testing conditions and measurements are then selected to deter-
mine the predictive validity of the model.

A B
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above. We can look at how individuals and groups vary and deviate 
from the mean score for each raw score obtained. This is called the 
variance. You fi nd the variance by subtracting the mean average 
from each raw score, squaring that number, then dividing by the 
total number of scores. Find the square root of the variance, and 
you have the standard deviation. It is from the mean and standard 
deviation that all further statistical techniques evolve.

The simple goal of statistical techniques is to answer the 
question of whether the changes in scores obtained would have 
occurred by chance. In these statistical procedures, we set our con-
fi dence intervals at usually fi ve times out of a 100 (i.e., 0.05 level). 
This means that we would be satisfi ed that the scores obtained 
would have happened by chance only fi ve times out of a 100. This 
is a basis for common tests, such as the t-test for two groups and 
analysis of variance, for more than two experimental groups. These 
two tests are commonly used statistical methods in biobehavioral 
research. Researcher’s interest may also rest in the aggregate set of 
measures rather than on any one single measure considered apart 
from the others. The logic, algebra, distribution theory, numerical 
analysis, and computer programs for these types of analyses are all 
described elegantly and available at most computer and research 
facilities.

Designing a Study

A wide variety of designs may be employed in biobehavioral 
research. One of the more common study designs involves com-
parisons among groups. In this setting, there may be two or more or 
groups wherein the comparison occurs. The specifi c design cho-
sen will affect the number of independent variables that may be 
considered and the precision and power of the statistical analysis. 
Knowledge about the variance of the independent measurements 
that are being made allows the investigator to determine the num-
ber of subjects that will be needed within each group. The process 
of determining the number of subjects necessary for a particular 
design is referred to as power analysis. Another fundamental type 
of study design involves the assessment of effects across time or a 
comparison over time. This type of design paradigm is typically 
used to assess cumulative effects or gradually developing changes 
in the system. Designation of members within a group must also 
be considered by the researcher. Determining whether the popu-
lation should be limited to a particular gender, race, or age may 
signifi cantly affect the study design and measurements that may be 
employed. In some instances, variation in underlying physiology, 
such as with sleep wake cycles and circadian biology, may affect the 
time of the day, the time of the month, and the time of the year the 
study or component of the study may be performed. These possible 
confounding variables can be controlled by the design of the study 
and by the predetermined statistical analysis.

Statistical Analysis

Although the statistical analysis is performed after the actual study 
has been completed (or at least partially completed), the statistics to 
be employed must be determined before the study is implemented. 
In some instances, signifi cant biobehavioral differences found 
among groups require additional separation to determine exactly 
which group is different. This additional data analysis procedure 
is referred to as a post hoc analysis, is only employed if the main 
effect studied was signifi cant. The goal of the post hoc analysis is 
to detail exactly what specifi c factors account for the overall differ-
ences found in the main study. Occasionally, researchers employ 
other statistical identifying techniques in identifying subgroups 

Qualitative Measurements

Measurements of behavior may be either quantitative or qualita-
tive. Quantitative measurements typically convert the behavior to 
a categorical or numeric scale. The major benefi t of using numeric 
measurements is that they are more amenable to statistical analysis. 
Categorical scales may be used to place subjects or behaviors into 
particular categories on the basis of specifi c characteristics. Under 
some circumstances, categorical scales may be based on qualitative 
or subjective assessments. Thus, the investigators should consider 
that qualitative tools requiring subjective interpretation may be 
affected by examiner bias, and need to be applied in a uniform fash-
ion to obtain reliable numeric results. Qualitative measurements are 
typically based on the assessment of particular characteristics that 
allow them to be placed in discrete categories or transformed into a 
numeric scale. Quantitative measurements should not be assumed 
to be better than qualitative assessments. The caveat that is best 
followed is to choose the most appropriate measurement tool for 
the physiologic and behavioral components given the study partici-
pants and situation under investigation. Frequently, the researcher 
may benefi t from the work of other investigators and use known, 
standardized tools that have established validity and reliability. 
Some standardized tools may be used to obtain self-reporting of 
the data. In many instances, these tools can be easily administered, 
completed, and scored in a standardized fashion. There are many 
standardized measurement instruments available, but they should 
be carefully selected to address the specifi c needs of the research.

Quantitative Measurements

Measurement of behavior requires that we employ a quantifi cation 
system to reliably describe and identify characteristics of behavior 
in the context being studied. The spectrum of potential behav-
iors that may be studied in biobehavioral research is exceptionally 
broad and ranges from physical behaviors that may be objectively 
quantifi ed to particular thoughts, or thought patterns that must 
be indirectly inferred. The assessment of subjective constructs 
may be further complicated by languages, dialects, cultures, age, 
socioeconomic status, gender, race, and other situational consider-
ations. Previous experience or familiarity with many interventions 
or measurements may alter the conditions for a research project, 
complicating or invalidating the results. For example, a subject’s 
familiarity with osteopathic interventions may invalidate a research 
design using a placebo control because the patient is able to identify 
therapeutic intervention and is not blinded to the study’s designed 
placebo control.

Biobehavioral Measurement Data

The basic data resulting from any measurements are a series of 
numbers. These numbers represent the numerical value of some 
biobehavioral characteristic, and the measurements are often 
obtained from one or more groups of individuals. We can seldom 
make much sense out of these numbers if we leave them in their 
raw form. For that reason, we use statistical procedures to answer 
questions we have raised about the basic data. We want to put some 
kind of order into our numbers. We can graph the numbers, look 
at percentiles, rank order numbers, and see how group patterns are 
made clearer by sorting the raw data into frequency distributions 
and looking at the mean average. The arithmetic mean is simply the 
result of adding up all of the measures and dividing by the number 
of measures. We can look at the mode, which is defi ned as the score 
that occurs most frequently, and the median, which is a label for the 
point at which 50% of scores fall below and 50% of the scores fall 
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these relationships or the effect on QOL becomes the major issue 
in developing a biobehavioral research design and might even 
include developing a specifi c osteopathic QOL instrument. Other 
types of investigations could focus on the interrelationship between 
somatic dysfunction or manipulative interventions and cognitive 
performance, health status, or other neurobehavioral manifesta-
tions. From these investigations, one could inquire about other bio-
physiologic relationships and whether somatic dysfunction could 
serve additional diagnostic roles yet to be determined, or answers 
to questions not previously envisioned. The fi eld of biobehavioral 
research is wide open for future osteopathic research to develop the 
evidence-based foundations for the uniqueness of the osteopathic 
approach.

SUMMARY

Biobehavioral interactions are a complex interplay between genetic, 
physiologic, environmental, and behavioral factors that have been 
shown to infl uence health and disease through many different path-
ways. Three major pathways for the effects of behavior to manifest 
on health and disease are ripe for research. Some types of disorders 
manifest these interactions more directly than others; but in each 
case, we fi nd that behavior alters the physiologic “landscape,” and 
physiologic alterations result in signifi cant behavioral accommoda-
tions that affect health and disease outcomes. Thus, physiologic 
phenomena are inseparable from their behavioral counterparts and 
must be considered as part of the process wherein disease devel-
ops. For the osteopathic researcher, biobehavioral interactions and 
research may play a signifi cant role in advancing our understand-
ing of our patients, improving treatment regimens, and advanc-
ing the evidence-based understanding of osteopathic principles in 
medicine.
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K E Y  C O N C E P T S

■ The profession has a long history of research, but faces an uncertain future as it tries to realign research priorities 
to new health care realities. Shifts in federal research funding may make the profession even more reliant on its 
own resources for initial research development.

■ The osteopathic teaching institutions, especially the COMs, must lead the way in developing organized research 
efforts. While a number of the schools are or have developed the necessary infrastructure to support at least 
modest research programs, several have not and have no plans to do so. Research is vital to good teaching 
faculty, and must be encouraged, not discouraged.

■ The faculty at osteopathic institutions need to understand the philosophy and practice of osteopathic medicine 
and to design research studies that will bear on the questions that come from osteopathic clinical practice and 
philosophy. Research done in osteopathic institutions that has no bearing on the issues of osteopathic medicine, 
while good research does little to further the osteopathic profession.

■ Osteopathic students need to be better informed about the history of osteopathic research, the opportunities 
for osteopathic research, and research training. There is a proposed curriculum for schools to follow in training 
students in basic research principles, but it needs to be put into practice more fully. Several initiatives have been 
taken to provide interested students with research information and training, and some grant funds are being made 
available for student research by foundations and individual schools.

■ The profession has developed its first research center and must continue to support it as well as develop other 
national research efforts. Osteopathic foundations who have a mission to support and broaden osteopathy are 
increasingly stepping up to fund major research efforts. Foundation support is often the only way for researchers 
to reach the level necessary to apply for further NIH funding.

■ The development of collaborative efforts is vital to large-scale clinical trials. The Osteopathic Research Center 
(ORC) is organized to do such efforts as shown by the MPOSE study. Other such trials must be organized. The 
Osteopathic Postgraduate Training Institute organizations and confederations of solo practitioners can gather 
data from practice that can be useful in illuminating the practice efficacy of osteopathic medicine.

■ There is a great potential for increased research collaboration with foreign osteopathic movements. Osteopathic 
schools in England, Germany, Italy, and elsewhere are beginning research efforts that will produce valuable 
information, especially if aided by U. S. osteopathic institutions.

■ Designing studies of osteopathic manipulative therapy is a difficult task. The question being asked must be very 
clear and the study designed to answer the question being asked. The use of sham controls is especially difficult 
as any “sham” in manipulative medicine is actually a form of treatment and hence should be evaluated against no 
treatment to assess the actual effect of the “sham.” To assume that a sham treatment has no effect and hence can 
be thought of as neutral is simply not acceptable. The use of a sham contrast control is actually comparing one 
form of treatment with another.

■ It is tempting to say that all research that can be done is important and no area should be singled out above 
others. However, some suggestions can be made as to areas that may be most valuable in determining the 
usefulness and value of osteopathic theory and practice.

■ The philosophical basis of osteopathy medicine should be used to drive the main research programs of the profession.

profession’s six schools had been lost, and about 10% of its mem-
bers had been granted an M.D. degree in California. Indeed, the 
decisions and integrity of the leaders, as well as the rank-and-fi le 
members, would decide its fate.

Over the next few years, the decisions of the profession and 
its leaders led to a revival and rebuilding of both the physical plant 
and the organization of osteopathic medicine. The profession’s 
members responded to the challenges and supported a renais-
sance of unprecedented proportions. Between 1969 and 1996, 
13 new schools were founded, about half university based. Today, 
the profession is growing at an unprecedented rate and enjoys 

INTRODUCTION

In his 1962 Andrew Taylor memorial lecture, Northup (1) stated, 
“we are on the precipice of either our greatest success or ultimate 
defeat. This success or failure depends not on the policy of orga-
nized medicine, but on the decisions and integrity of organized 
osteopathy.”

These words were spoken at the darkest hour in the history 
of the osteopathic profession. There was a real question about the 
continued survival of the profession as an organization. The Cali-
fornia merger had occurred and pressure was mounting to turn 
even more of the profession over to allopathic control. One of the 
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support from the government and private sectors. It now has 28 
open osteopathic schools, including the branch campuses, with 
several more scheduled to open in the next 2 to 3 years.

However, today the osteopathic profession faces a future still 
fi lled with unknown and unpredictable forces that will shape and 
challenge it in many ways. It is increasingly challenged to show 
that the claims it makes for its unique philosophy and practice are 
benefi cial to the patients it serves. Government and third-party 
insurance carriers mandate that the outcomes of health care be used 
as evidence of the quality of service. Osteopathic physicians who 
utilize manipulative treatment are fi nding it increasingly diffi cult 
to attract reimbursement for these services as government tries to 
cut health care costs. The existence of osteopathy as a unique and 
separate profession rests on its ability to continually demonstrate 
that its practices are effi cacious and its theories are sound. The 
overriding challenge for the profession is to show through well-
conducted research that the services it provides are both effi cacious 
and cost effective and to show a logical rationale for manipulative 
treatment.

Meeting these challenges is not a simple task or one to be taken 
for granted. To achieve this goal, all components of the profession 
must to take an active role. These institutions include:

■ Educational institutions
■ Osteopathic foundations
■ Hospitals
■ Affi liated societies
■ Individual physicians in practice

However, the greatest challenge now facing the profession is that 
of building its research base to support and expand its claims of 
effi cacious and unique practice. Without demonstrable substantia-
tion of its claims to a unique role in health care, the osteopathic 
profession risks its existence.

It is not that data do not exist to show that the osteopathic 
profession has made unique contributions to health care and that 
its philosophy is sound. Research began in the profession with its 
inception and has continued since. Louisa Burns performed studies 
showing viscerosomatic and somatovisceral interactions long before 
the medical world recognized their importance. The research from 
the Kirksville group in the 1940s and 1950s, data from the Chi-
cago College and other osteopathic schools, and papers published 
in the Journal of the American Osteopathic Association ( JAOA) over 
the years show that the osteopathic contribution to health care is 
substantial. However, further substantiating the unique contribu-
tions and emerging quality of osteopathic care requires new and 
innovative ways to measure health and clinical outcomes, as well as 
the development of new and innovative research techniques. The 
art of clinical research is a relatively new endeavor, and its practices 
are just now developing to the point of being able to show the 
unique features of osteopathic medicine.

This chapter summarizes the present state of research in the 
profession, the opportunities and challenges ahead, and the areas 
critical to understanding the unique role of osteopathic medicine 
in human health and disease.

OSTEOPATHIC RESEARCH: 2008

Late in 2008, the research efforts of the osteopathic profession are 
set to enter their fi fth era. The fourth era began in 2001 with the 
founding of the fi rst osteopathic research center at North Texas 
State Health Science Center College of Osteopathic Medicine (see 
Chapter 70 for a summary of these eras). Since 1970, the profes-
sion’s research had been expanding as new schools, many university 

based, began to mature and begin research programs. Recent devel-
opments in the building of research programs have been evident 
throughout the profession. Research programs at the Texas COM 
had been strongly fostered for many years, allowing that school 
the infrastructure to support a research center. At about the same 
time, the founding school at Kirksville pledged several hundred 
thousand dollars in internal funding for expansion of its already 
successful research programs, with the funds to go preferentially 
to research directed to the elucidation of osteopathic principles 
and practice. Several other schools have pledged funding for basic 
and clinical research and have established mechanisms for active 
research. Unfortunately, some of the newer schools have not built 
active research efforts into their plans.

While the academic research base of the profession has been 
growing and maturing, other efforts were being made to foster 
research among osteopathic physicians. Some of the specialty 
colleges have had some form of research requirement in their 
programs for several years. This requirement has fostered an 
understanding of the research process in students that was not 
given during undergraduate training. More recently, some of 
the Osteopathic Postgraduate Training Institutes (OPTIs) have 
instituted research training in their programs. Although only 
beginning, these efforts to train more practitioners in the art 
and process of research are another way to increase not only the 
development of research programs but also an appreciation of its 
importance.

Other organizations of the profession have begun to take a 
more active role in research development and support. The AOA 
has, since 1951, had the Bureau of Research to promote and sup-
port research development. This group has taken an increasingly 
active role not only in granting research funds, but also in develop-
ing new programs. It now supports the training of osteopathic stu-
dents in D.O./Ph.D. programs. Such combined degree programs 
are also available at several of the university-based COMs. The 
bureau also sponsored the development of an osteopathic biblio-
graphic database as a joint venture between the Texas and Kirks-
ville COMs. This database, known as OSTMED, was to be the 
premier repository for references to osteopathic literature that is 
generally very diffi cult to fi nd and access. Unfortunately, the fund-
ing for the project was not renewed and the database, while still 
accessible, has not been added to for at least 2 years. On a positive 
note, the JAOA has been placed online and all back issues are either 
available or their contents can be searched.

The AOA’s Louisa Burns research committee has become 
increasingly active in developing research protocols and initiatives, 
such as the online SOAP note project and SOAP note forms that 
may allow collection of large clinical databases in the near future. 
The American Association of Colleges of Osteopathic Medicine 
(AACOM) has led the organization and funding efforts for three 
national meetings to discuss research development, out of which 
came the osteopathic research center. Leaders within the organi-
zations of the profession, especially the AACOM and the AOA, 
have increased their contacts with governmental funding agencies 
in efforts to secure federal funds and recognition for the profes-
sion’s research efforts.

However, most notable in the dawning of the fi fth era of osteo-
pathic research is the increased role of the osteopathic foundations, 
especially the Columbus, Ohio-based Osteopathic Heritage Foun-
dation. The Heritage Foundation, along with the other osteo-
pathic foundations, has become increasingly active in sponsoring 
research efforts endowing research chairs, providing infrastructure 
at schools, and supporting meetings and conferences aimed at 
furthering the osteopathic research agenda.
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The fi fth era now emerging is one of expanding the reach and 
recognition of both osteopathic research and of osteopathic phi-
losophy and practice. In 1989 and 1992, symposia that included 
internationally known scientists from around the world were held 
(2,3). These symposia generated publications, but perhaps more 
importantly, knowledge of osteopathic philosophy and practice 
in a number of scientists who had never before heard of osteo-
pathic medicine. Several of them continued their interest in the 
profession and have provided support and even training oppor-
tunities for young osteopathic physicians. In early 2008, another 
international symposium was sponsored by the Texas Osteopathic 
Research Center, with support from the osteopathic profession, 
the NIH (NCCAM) and the chiropractic, massage therapy and 
physical therapy professions. Most importantly, this meeting 
brought together not only osteopathic scientists interested in 
somatovisceral interactions, but also scientists and clinicians from 
the chiropractic, massage therapy and physical therapy professions 
as well as leading scientists involved in somatovisceral research. 
The osteopathic profession, in organizing such a unique meeting, 
demonstrated that it was willing to broaden its scope of interac-
tions to include other manual medicine areas. This effort must be 
the beginning of the expanded interactions necessary for osteo-
pathic research to tap the resources and information available. 
In this way, the philosopathy and practice of osteopathy can be 
increased by using insights and fi ndings from other professions to 
enhance understanding of osteopathic practice. This expansion of 
interactions should be the hallmark of the fi fth era of osteopathic 
research efforts.

These and other accomplishments have taken place over the 
last several years and point to an unprecedented effort to orga-
nize and support a profession-wide research effort. Although these 
efforts have been remarkable in a profession devoted to training 
practitioners since its founding, they are only the beginning. The 
increasing interactions between osteopathic researchers and clini-
cians that hopefully will expand are evidence that the profession 
has begun to tap larger resources and is a sign of a maturing disci-
pline. However, it is only the beginning of the maturation process. 
What are the challenges now facing further development of quality 
research efforts?

INSTITUTIONAL CHALLENGES FOR 
RESEARCH DEVELOPMENT

Academic Challenges: The Schools

Clearly, some of the teaching institutions of the profession have 
made great strides in the last 30 years in developing nationally 
competitive research efforts. As pointed out in the fi rst chapter in 
this section, the profession’s schools were not in a position to take 
advantage of the immense expansion of biomedical research infra-
structure during the 1950s and 1960s. In fact, it was not until the 
1980s that a few of the COMs were able to develop suffi ciently 
strong research initiatives that they could attract signifi cant federal 
funding. In 1974, the fi rst RO1 NIH research grant was awarded 
to a researcher in an osteopathic institution. Since then, a number 
of large federal and private grants have been awarded to several of 
the COMs. The ORC at Texas has emerged as a nationally com-
petitive institution, attracting NIH funding.

The challenge for all the academic institutions now lies in 
seeing the urgent need to show the effi cacy and mechanisms of 
manipulative treatment. They must provide time for research and 
provide incentives to their faculty, thus harnessing the expertise of 
researchers now in place or being brought into the institutions. The 

institutions that have done this most effectively have made several 
commitments:

■ A stated commitment to an osteopathic research environment
■ Internal funding for startup research
■ Committed time for research
■ Support personnel
■ Encouragement to take research risks
■ Recognition that research is a long-term commitment that 

simply cannot be hurried

In any endeavor, experience has shown that one of the best ways 
to get started on a process of change is to publicly commit to the 
process. This provides an impetus for planning and goal setting 
against which the outcomes can be measured. A public announce-
ment shows the commitment and produces expectations that are 
harder to shirk than if the commitment is private.

Although the announcement of intent is laudable, providing 
the means to begin the task is necessary. The days of having a good 
idea and simply going to the NIH or National Science Foundation 
and asking to be funded are simply gone. Public and private fund-
ing sources require demonstrated research capability (pilot data) 
before funding a project. Therefore, the commitment must be 
backed up with a dollar support to seed research efforts. The col-
lege administration must be willing to provide dollars to insure that 
researchers are able to do the necessary work on which to base their 
grant proposals. Often, such seed periods, especially in newer areas 
of inquiry, take several years before external funding is successfully 
garnered. In addition, even seasoned investigators at times need 
infusions of funds to continue between grants, start new research 
projects, or for unexpected needs. The institution must be capable 
of meeting these needs.

As important as funds are for the beginning researcher, it is 
often the lack of committed time that impedes a fl edgling research 
program. If a researcher has suffi cient funds to do a project, but 
the blocks of time are not available, the project will fail or the 
researcher will lose interest. Unlike such things as committee 
meetings, patient care, and even teaching, the research endeavor 
requires large blocks of time on a regular basis. First, the researcher 
must be allowed time to look into the background of the proj-
ect, to refl ect on the available information, and to synthesize its 
meaning. This literature review and synthesis means a substantial 
intellectual effort that cannot be done in 5-minute periods between 
patients or classes. The investigator must be allowed the free and 
unencumbered time to become an expert in the fi eld—not only 
his or her fi eld of training, such as internal medicine or osteo-
pathic principles and practice, but in research design and practice. 
The administration can relieve the prospective researcher of some 
committee duties, give lighter teaching or patient care loads, and 
not expect the faculty member committed to research to attend 
all administration functions. Of course, the quid pro quo will be 
research productivity.

There must be support personnel for research efforts. A faculty 
member pursuing a fl edgling research effort must expect to initially 
do much of the footwork in getting a program under way. However, 
support is needed in terms of technical help, secretarial backup, and 
patient scheduling. As a research effort develops, support must be 
provided for grant writing and grant budget administration, as well 
as for keeping up on the latest federal, state, and local regulations. 
It is not logical or fi nancially responsible to expect researchers to 
spend much of their productive time typing letters or purchase 
orders, rather than reading the latest literature or doing the actual 
study. The level of support personnel will be rewarded in exponen-
tial gains in research productivity.
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The institution must also make it clear that it understands that 
not all research efforts are successful. Research studies by their very 
nature are trips into the unknown. The researcher, especially the 
beginner, will have studies that do not show signifi cant results. The 
institution must show that its support is not only for successful 
studies, but also for the effort. Without this understanding, the 
researcher will not be free to undertake anything but the most 
mundane and predictable efforts. The institution, by showing that 
it rewards not only research efforts, but also risk taking in research, 
will foster a higher level of research endeavor. This can be shown by 
providing raises commensurate with cutting-edge research projects, 
granting advancement to those willing to take risks, and publicly 
acknowledging such activities.

For any research endeavor to be anything but an isolated 
event, to become a program of research, not an isolated study, the 
researcher must become committed to continuing over an extended 
time. No one research study will tell a story about an area. Several 
studies will begin to weave a tapestry that will answer meaning-
ful questions. Research programs evolve with time and continued 
effort, not isolated, brief efforts. The institutional commitment to 
its researchers and research programs must be long term. Only then 
will a research effort make a meaningful contribution to showing 
the basis and effi cacy of osteopathic medicine.

The academic institutions of the osteopathic profession are 
beginning to build the bases for the long-term commitments nec-
essary for meaningful research programs. Some have advanced fur-
ther than others, as evidenced by the founding of the center for 
osteopathic research at the Texas school. Others are only starting 
the task and need the encouragement and support of the rest of the 
profession as they proceed.

Academic Challenges: The Faculty

In Chapter 70 “Foundations of Osteopathic Research,” we made 
the observation that the defi nition of osteopathic research must 
come from the investigator and cannot be determined a priori. 
This means that the researcher, basic scientist, or clinician must 
become suffi ciently familiar with the background and clinical 
experience of osteopathic medicine that he or she can link the 
ideas and results of their research to the needs and experiences 
of the profession. Although data from studies not constructed or 
performed to test the tenets and clinical observations of the osteo-
pathic profession can be used for that purpose, it is far more effi -
cient and less risky of incorrect interpretation to perform studies 
stemming directly from questions generated by osteopathic theory 
and experience.

Basic scientists, both from the biomedical tradition and 
from the social sciences, have been incorporated into the osteo-
pathic profession in increasing numbers, especially since 1970. 
Earlier, it had been the usual custom in osteopathic teaching 
institutions to use D.O.s to teach most of the basic science sub-
jects, as well as the clinical areas. With the explosive growth in 
numbers of schools in the 1970s and heightened expectations 
for subject experts in the basic sciences, faculty trained in nonos-
teopathic settings were increasingly hired. Many of these profes-
sors had research backgrounds, as well as backgrounds in their 
disciplines.

These faculty face diffi cult challenges in doing research mean-
ingful to the osteopathic profession. Although it is often argued 
that any research is valuable, the profession’s research resources 
seem best spent on research projects that can be expected to pro-
vide information useful in giving answers to the theoretical and 

clinical underpinnings of osteopathic medicine. Some of the chal-
lenges faced by basic science researchers include:

■ Lack of knowledge of the history, theory, and basis of osteo-
pathic medicine

■ Diffi cult or impossible access to the literature of the osteopathic 
profession

■ Lack of access to the clinical experience of osteopathic medicine
■ Diffi culty in understanding the practice or jargon of osteopathic 

clinicians
■ Insecurity of switching from an established research program to 

an unfamiliar one
■ Unwillingness to make the effort to explore an unfamiliar and 

seemingly out-of-the-mainstream topic

These challenges are severe but surmountable. The osteopathic 
profession is moving to provide the materials needed to acquaint its 
basic scientists with its background, theoretical basis, and research 
data. The Texas bibliographic project, while now dormant, still 
provides references to much of the early research and philosophical 
writing of the profession and thus provides greater access to the 
literature of the profession. With the growth of older books and 
articles available on the web, it is increasingly easy for scientists to 
access previously unavailable osteopathic resources. The AAO, as 
mentioned earlier, has provided its literature bibliography on CD-
ROM. Such sources as this book and others now appearing provide 
the willing basic scientist with useful information.

Despite increased reference availability, ready access to the pro-
fession’s older research literature is poor. Ways must be found to 
make those sources more available, not only to basic scientists, but 
to clinician researchers and students as well. Many of the works of 
Burns and other early anatomists and physiologists investigating 
basic mechanisms of manipulation are available in only a few college 
libraries. This is a continuing challenge to the profession, but may be 
solved by scanning older literature to be made available on the web.

A basic scientist trained in conventional settings coming into 
an osteopathic school to teach is faced with the task of teaching 
in a profession about which he or she usually knows nothing. In 
this case, the only option is to teach a topic in the same way it was 
taught elsewhere. The osteopathic profession thinks of itself as a 
unique entity, implying that the teaching of its students should be 
somehow different from the experience of other medical students. 
How can that occur if the basic scientist does not know the basis 
of the profession? One way is to integrate osteopathic physicians 
into the teaching of the sciences. Of course, another is to inform 
the basic scientists of the profession. Clinicians and others knowl-
edgeable of the profession can provide seminars and workshops 
on osteopathic medicine for their colleagues. Basic scientists can 
be encouraged to sit in on the osteopathic courses. Clinicians can 
take basic scientists as shadowers in their practices and discuss the 
unique aspects of osteopathic medicine with them. Administra-
tors can provide expectations and rewards for basic scientists who 
show a willingness to avail themselves of opportunities to become 
knowledgeable about the profession. In general, the profession has 
not held suffi ciently high expectations for its basic scientists nor 
has it provided good opportunities for them to become familiar 
with the theory and practice of osteopathic medicine.

A basic scientist coming into the profession with a budding 
or established research program faces real obstacles in retooling 
or realigning that program to the needs of osteopathic medicine. 
Funding may not be as readily available. The switch or realignment 
may take several years to accomplish. The comfort of a known 
research enterprise is lost. The schools can help this transition 
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by providing funding for the transition, understanding that 
productivity may decrease for a time, and fi nding clinicians to 
supply information and experience to the investigator. In addi-
tion, the expectation should be clear that such a transition will 
be rewarded in tangible ways. Korr (4–11) has published several 
articles on the challenges posed by osteopathic theory and practice 
that can be given to entering faculty.

Although the school and profession can do much to help an 
investigator realign their research and intellectual efforts toward 
the questions of osteopathic medicine, there is also an onus on 
those coming into the profession to make an effort to gain this 
understanding. Intellectual honesty would seem to demand of a 
person coming into a profession that knowledge of that profession 
be acquired. The investigator should have some intellectual curios-
ity and desire to fi nd out about what it is he or she is getting into. 
Thus, an investigator may be expected to make efforts to seek out 
opportunities to become familiar with the backgrounds, theoretical 
underpinnings, and research basis of the profession. Too often, this 
does not happen, but should be encouraged. Osteopathic clinicians 
can be very helpful in this by offering manipulative treatment to 
their basic science colleagues. Osteopathic students can challenge 
their basic science professors to investigate the profession. In this 
way, a healthier interaction can be accomplished.

But what about osteopathic clinician researchers within the pro-
fession? They also need help in meeting the challenges of research. 
They often are not schooled in research methods and skills. They 
are pressured for time and are expected to provide patient care to 
generate income, not research studies. These individuals also need 
to be given the time, resources, and encouragement to pursue the 
diffi cult and often discouraging fi eld of research. They need to 
have the backing of their administrators for time and resources to 
acquire research skills and protected time for intellectual pursuits. 
They need to become aware of the long-term nature of a research 
endeavor. They need collaborations with their basic science col-
leagues in designing and carrying out osteopathically oriented stud-
ies. In short, they have the same needs as do the basic scientists. The 
D.O. making a transition to research is venturing into unknown and 
uncertain territory, just as is the basic scientist trained in other insti-
tutions. Support and understanding are needed for both groups.

Academic Challenges: The Students

In planning for the long-term health of osteopathically oriented 
research, the role of the students must be considered. At present, in 
most osteopathic schools, little attention is given to providing the 
students with a background in prior research of the profession, let 
alone in the basics of research design and process relevant to the 
profession. One of the best ways to increase research power in the 
profession is to orient its students early in their training to the basic 
properties and needs for research. Only a small percentage will 
become researchers, but only a few are needed to make a large dif-
ference. If only one student per class aspired to become a full-time 
researcher in the profession and were provided suffi cient support to 
pursue that goal, the profession would soon have an abundance of 
trained and functioning researchers in its institutions.

The schools can implement lectures on research background, 
methodology, and process for all students. For those showing more 
interest, mentors can be provided to work with the more motivated 
students to provide initial training, research opportunities, and sup-
port. These students can be integrated into ongoing investigations 
of osteopathic manipulation and technique. There have been some 
efforts to provide a model research curriculum to all the schools, 

and this should be encouraged. Too often, the schools are attract-
ing students with research interests, only to destroy that interest by 
failing to provide opportunities and training.

In addition, opportunities can be made available for gradu-
ate training for students interested in well-recognized laboratories 
outside the profession. However, it is imperative that such oppor-
tunities incorporate aspects of research particularly pertinent to 
the profession, lest the student be discouraged from building the 
knowledge bridges to the important issues of the profession. An 
osteopathic student trained in traditional research institutions who 
goes into research that does not build on osteopathic principles and 
practice does little to further the osteopathic profession.

The profession is beginning to take steps to add a research 
basis to the curriculum. In late 2001, a workshop was held at the 
Osteopathic Clinical Trials Initiative Conference (OCCTIC) 
meetings for the purposed of outlining a research curriculum for 
the years of osteopathic medical training. The results of this meet-
ing have been endorsed by the Educational Council on Osteo-
pathic Principles and made available to the schools. Should the 
schools adopt these guidelines for research training, a real step 
forward in producing research-oriented students will have been 
taken. However, 8 years later, it is not clear that most schools have 
adopted the guidelines. The recommended research curriculum 
consists of the following:

By the end of osteopathic medical school years 1 and 2, the 
student should have the following capabilities:

■ History of osteopathic research
■ Knowledge of research vocabulary
■ Ability to do a literature search
■ Knowledge of basic statistics
■ Understanding of research problems that are uniquely osteo-

pathic (OMT)
■ Awareness of support resources available consistent with level of 

competency expected

By the end of osteopathic medical school years 3 and 4, the student 
should have the following capabilities:

■ Ability to review and summarize journal articles
■ Ability to formulate a research question/hypothesis
■ Awareness of support resources available consistent with level of 

competency expected

By the end of postgraduate years 1 through 3, the student should 
have the following capabilities:

■ Understand the process of design and implementation of a 
research project

■ Ability to critique journal articles
■ Ability to write a manuscript suitable for publication or a grant 

application
■ Awareness of support resources available consistent with level of 

competency expected

One of the additional steps that has been taken by the profession is 
the establishment of a biannual research training workshop, Room 
to Run, to be held every other year as the OCCTIC meeting. The 
fi rst was held in 2007 and provided a premiere experience in osteo-
pathic research training to students at all levels of training. When 
combined with other research training opportunities, this meeting, 
if continued regularly, will greatly increase the research capabilities 
of the younger members of the profession. Another very promis-
ing development over the recent years is the growth of the SOAR 
(Student Osteopathic Association of Research). Most osteopathic 
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schools now have a SOAR chapter that provides opportunities for 
osteopathic students to discuss research interests and to interact 
with interested faculty.

Organizational Challenges: Other 
Osteopathic Institutions

As the profession moves into its fi fth research era, it is increasingly 
evident that the challenges of providing a research basis for osteo-
pathic theory and practice cannot be met by the COMs alone. The 
establishment of the Center for Osteopathic Research was not an 
isolated effort of one or more schools. It was an effort spanning 
several years and with its roots in the early days of the profession 
with the A. T. Still Research Institute. Several institutions of the 
profession came together to promote and fund the center’s forma-
tion, including the AOA, AAO, AACOM, the American College 
of Osteopathic Family Physicians, and the American Osteopathic 
Healthcare Association. These and other organizations within the 
profession have realized the necessity of promoting a research cul-
ture in the profession. These institutions, the profession’s leaders, 
and the rank and fi le of the profession must continue to support (in 
concept and fi nancially) the development of researchers who under-
stand the osteopathic profession and can apply their skills and intel-
lectual abilities to answering the vital questions posed by this unique 
philosophy and practice. Without continued support and encour-
agement from all, a research-friendly atmosphere will not fl ourish.

There is another vital source of research support now operat-
ing in the profession—the various osteopathic foundations, such as 
the Osteopathic Heritage Foundation of Ohio. These foundations 
have in the past several years become more involved in actively 
supporting research projects and symposia. Such support is becom-
ing increasingly vital as a bridge between COM supported pilot 
research and NIH-supported studies. It is no longer possible to 
attain NIH major research support without a proven track record of 
data and research productivity. Often, the only way for a researcher 
or research team to get to the point of being competitive for NIH 
funds is to obtain midlevel funding from one of the foundations. 
The support of several osteopathic foundations has made possible 
the Multi-Center Osteopathic Pneumonia Study in the Elderly 
(MOPSE) study, directed by the Texas Osteopathic Research Cen-
ter. This study was only possible with foundation support.

Collaborative Challenges: Building Research 
Networks

As the research efforts of the profession mature, clinical trials of the 
effects and effi cacy of osteopathic techniques, osteopathic manipula-
tive treatment, and osteopathic care will move from the pilot study 
format to full-blown clinical trials. These trials will be expensive and 
time consuming. A full clinical trial often requires hundreds of sub-
jects and many practitioners. The osteopathic profession is, despite its 
rapid growth, still a small profession. The conduct of full trials will 
require collaboration between multiple sites and practitioners. Such 
collaboration has now been successfully done in the MOPSE study 
(see above) coordinated by the ORC, which with its mandate to con-
duct studies on osteopathic manipulative themes, is an appropriate 
venue for such planning. However, there exist other avenues that can 
begin the process in preparation for these trials. One such avenue lies 
in the OPTI networks. These confederations of hospital training sites 
affi liated with osteopathic colleges provide ready-made resources for 
pilot studies of collaborative trials. Some OPTIs already have provi-
sion for research efforts and research training. The OPTI networks 
can be valuable testing grounds for collaborative efforts in the next few 
years. In addition, encouraging practitioners in their offi ce practices 
to join research networks would lead to more viable clinical trials.

Recent developments in clinical research stimulated by the 
acquired immunodefi ciency syndrome (AIDS) epidemic are also 
useful models for the osteopathic profession to follow. In the past, 
there has been little clinical research performed outside major 
research centers. In response to increasing pressure for clinical 
data on the AIDS epidemic, there has been an increasing use of 
smaller neighborhood clinics and solo practitioners to collect data 
on the disease (Goldstein M, Personal Communication, 1992). It is 
becoming evident that there is an important role for the practicing 
physician in collecting data for clinical studies. Studies using this 
important resource for data collection must be designed to take 
advantage of the practice of medicine in the offi ce setting so as not 
to disrupt the daily fl ow of the practice. However, it is here that 
the real practice of osteopathic medicine takes place. It is here that 
there is the best chance to ask such questions as:

■ What is the incidence of somatic dysfunction?
■ What is its natural course?
■ What is the effectiveness of manipulative treatment on it?

The questions of real life in osteopathic medicine can be approached 
at the offi ce level. Such research must be encouraged. That such 
research can be accomplished is seen in the recent report from the 
offi ce of Frymann et al. (12) on the effects of osteopathic care on 
neurologic development in children. Other offi ce-based studies that 
include many practitioners would provide important data on the 
basis for and effi cacy of osteopathic care. The recent development 
by the American Academy of Osteopathy Louisa Burns Research 
Committee of several data forms may make the collection of offi ce 
data feasible, especially when they become web based.

Collaborative Challenges: Isolation

The osteopathic profession began in the United States but quickly 
spread to other countries. Early in the 1900s, osteopathy was estab-
lished in the United Kingdom; in 1916, an osteopathic school was 
established there. Currently, there are osteopathic movements in 
many countries of the world, some nascent, as in Russia, and some 
well developed, as in the United Kingdom. Although the practi-
tioners of most of these schools are licensed to practice manipula-
tion only, they are valuable resources for research collaboration. In 
addition, many countries have active allopathic groups who have 
traditions of manual medicine, and some have become well trained 
in osteopathic techniques and theory, as is the case in Germany. 
The International Federation of Manual Medicine, or FIMM, has 
an active research component. Canadian students of osteopathy, in 
fact, must complete an extensive research thesis, practically com-
parable to a U.S. doctoral thesis before becoming certifi ed as dip-
lomats in osteopathy.

The U.S. osteopathic movement has an opportunity to greatly 
enhance its research efforts by encouraging interactions with these 
movements. In fact, it may be that, taken together, these organized 
osteopathic schools outside the United States have more potential 
for research on effi cacy and outcomes than does the U.S. profes-
sion. Clearly, there are aspects of osteopathic care that can only 
be studied in the United States, because only here at present are 
osteopathic doctors fully licensed physicians; however, technique, 
reliability, and treatment studies can be collaboratively studied with 
many other sections of the world osteopathic community. These 
types of collaboration should not be wasted by isolationism.

CHALLENGES OF RESEARCH DESIGN

The design of osteopathic clinical research faces unique challenges. 
The design of clinical research is actually in its infancy, beginning 
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only about 60 to 70 years ago. Clinical research grew up around the 
testing of drug effi cacy, and the gold standard design for such stud-
ies is the randomized, placebo-controlled, double-blind (RPCDB) 
study. The two major challenges facing the osteopathic and manip-
ulative medicine communities are as follows:

1. Is the RPCDB methodology appropriate for studies of osteo-
pathic manipulative treatment?

2. What research designs are appropriate for studies of osteopathic 
manipulative treatment?

These questions cannot be answered in a vacuum. The design of 
any study should fl ow from an understanding of the research ques-
tion and the available research techniques. Parts of this challenge 
have been examined in Chapter 70: “Foundations for Osteopathic 
Research,” but other aspects will be discussed here.

Shams and Placebos

One of the most interesting issues facing the design of research in 
osteopathic manipulative treatment or techniques is whether to use 
placebo or sham controls and, if so, what to use. The use of place-
bos is well known and documented in clinical research literature (as 
is the use of sham controls), but these are being called into question 
(13,14). The placebo treatment was initially developed for research 
on the effectiveness of drugs, and entails the delivery of a substance 
that is, from the standpoint of the patient and physician, indistin-
guishable from the drug being tested. Such a placebo is often in 
the form of a capsule that is the same color, size, and weight as the 
capsule containing the drug, but the placebo contains only inert 
substances. The patient is given either the drug-containing capsule 
or the inert-substance capsule, not knowing which is being given. 
The sham is a procedure given to the patient that has been shown 
or is thought to have no effect on the symptoms being treated. 
With both placebos and shams, the intent is to keep the patient 
from knowing whether he or she is receiving an active or inactive 
drug or procedure. This should keep the expectations of both the 
experimental and control groups equal and thus allow the effect 
of the active ingredient or procedure to be seen, independent of 
patient expectations.

In the case of drug tests or for testing specifi c manipulative 
techniques, placebo and sham controls are entirely appropriate. The 
intent of such studies is to ascertain the effect of the active ingredi-
ent alone. They look at the effect of either a certain molecule (or, 
more precisely, many millions of molecules) on the natural course 
of something like a bacterial invasion of the body, or of a particu-
lar procedure (such as a lateral recumbent roll) on the course of a 
particular symptom (15). The patient’s expectations and conscious 
processes are not at issue. The use of placebo or sham procedures as 
control groups against which the drug or procedure groups can be 
compared gives the researcher a measure of the effectiveness of the 
drug or technique alone.

Thus, in the design of manipulative technique research, it 
seems entirely appropriate to use sham treatment control groups. 
Here, the rationale is to test the effectiveness of a certain specifi c 
technique that is administered in the same way to each patient for 
presumably the same symptom or symptoms. The treating physi-
cian has no leeway in how the maneuver is accomplished, and the 
patients are screened closely so that the symptoms are much the 
same from patient to patient.

However, at the heart of osteopathic philosophy is the premise 
that treatment should be aimed at normalization of function by 
removing the barriers to the body’s ability to optimize its function. 
Once these barriers are removed, the body can regain its optimal 
function and return to or maintain health. To think that this is 

purely a physiologic function and has nothing to do with conscious 
processes or the mind (i.e., the patient’s expectations, desires, 
beliefs, and will) is to return to a belief in mind/body dualism hold-
ing that the mind has nothing to do with physiologic function, 
and vice versa. It is to deny the most vital part of the whole equa-
tion of health and disease: the patients themselves. In addition, the 
treating physician is a part of the equation. Both the skill and the 
manner of the treating physician affect the results of the treatment, 
because both the patient’s tactile and mental perceptions of the 
physician infl uence how the patient responds to the treatment.

In osteopathic treatment, the treatment is an interaction 
between patient and physician, each responding to the other 
throughout the treatment. The osteopathic physician relies on the 
very effect that is labeled placebo or expectation in drug testing to 
help with the alteration he or she is attempting to produce—that of 
normalized function. The patient’s expectation is an important and 
vital factor in OMT; it must not be cast off as some spurious side 
effect. It is also a real and unusually safe therapeutic tool. There are 
few deleterious side effects to positive expectations.

In addition, the use of a sham treatment group in which the 
patient is exposed to a treatment that is considered ineffective pres-
ents another real problem for the evaluation of OMT (again, as 
contrasted to the evaluation of a particular technique). It is assumed 
that in the sham control group, the treatment of a body area distant 
from a particular somatic dysfunction does not infl uence the reso-
lution of a diagnosed dysfunction being treated in the experimental 
group. Many available data show that the simple act of touching 
and moving an individual produces real changes in function and 
response. The act of manipulative treatment involves touching and 
moving the patient as an integral part of the process. To compare a 
manipulation group with some sham group that has also received 
touch and movement may well lead to an underestimation of the 
effects of manipulative treatment, unless it can be shown that the 
sham treatment had no effect on the total mind and body function 
of the patient.

Thus, initial attempts to evaluate the true effectiveness of 
manipulative treatment (as opposed to techniques) on either the 
progression of symptoms or on total body function require the 
use of a control group that either receives some standard medical 
therapy not requiring manipulation or the use of a totally untreated 
control group that would simply undergo the natural course of the 
malfunction being studied. This could be done by simply requir-
ing control subjects to come to the physician’s offi ce for diagnostic 
measurements. To try to factor out the mental process involved in 
manipulative treatment is to deny much of the actual treatment. 
It is akin to studying the effectiveness of a drug by giving only a 
partial dose.

To study the effects of osteopathic manipulation, one must 
study osteopathic manipulation as it is given, as an interaction 
between physician and patient, with all components intact and 
functioning. To factor out any particular component, such as the so-
called hands-on effect, and call it an artifact is to underestimate the 
effect of manipulative treatment and deny that the natural power 
of cognitive and recuperative processes is a factor in the effects of 
OMT. It must be understood that unless the sham treatment has 
been actually shown to have no effect on any aspect of the patient’s 
function, a study contrasting manipulation with a sham is really 
comparing one form of treatment with another form of treatment.

Once the overall effects of manipulative treatment have been 
established, studies can be designed to tease apart the various com-
ponents of the treatment, including the effects of touching the 
patient, and so forth. However, to try to parse out various aspects of 
a complex treatment in the absence of demonstrated effects is both 
ineffi cient and impractical. The study of OMT must fl ow from 
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the philosophy of osteopathy and not from some other philosophic 
orientation.

One example of a study using a sham control was published 
recently by Yelland et al. (16). They compared the effects of active 
prolotherapy with similar injections of saline on nonspecifi c low 
back pain. The results showed no difference between the irritant 
prolotherapy-injected group and the saline-injected group. Both 
groups showed the same reduction in low back pain over the 
24-month study. In point of fact, it seems likely that no conclu-
sions can be drawn from the study, because there was no way of 
ascertaining whether the decreased overall pain levels would have 
occurred anyway or even if the interventions resulted in less pain 
decrease over the time of the study than would have occurred had 
nothing been done. The only conclusion that may be able to be 
drawn is that irritant injections and saline injections cause no dif-
ferent results, but it may be that neither one did anything for non-
specifi c low back pain. This study shows the problems of assuming 
that a treatment is a sham (having no effect) without actually test-
ing it against no treatment.

The investigator designing studies of OMT must determine 
what is really being asked of the study so that the appropriate con-
trast control can be used. Using the incorrect control may result in 
underestimation of the effect of manipulative treatment, although 
the same control may be the appropriate one for evaluation of a 
manipulative technique. The decision rests on whether the total 
response of the individual to the interaction between patient and 
physician is being evaluated or whether manipulative technique 
is being studied as a procedure. The challenge here is to actively 
defend the use of appropriate designs for osteopathic manipula-
tive research, and not to be forced into inappropriate designs by 
preconceived notions of how research is done.

PRIORITY CHALLENGES: WHAT RESEARCH IS 
MOST IMPORTANT?

Basic Research

Research on the mechanisms underlying osteopathic practice 
begins with either the theoretical underpinnings of the profession, 
or clinical observations of practitioners. As an example, Korr (17) 
followed both theory and clinical observation when beginning his 
line of research on transsynaptic delivery of proteins from nerve to 
muscle tissue. The nurturing of tissues by their nerve supply had 
long been a theme in osteopathic medicine, but almost ignored 
in other Western traditions. Clinical observations showed that 
muscles deprived of nerve supply would degenerate, but those 
only deprived of nerve activity would only atrophy. Korr’s research 
program was driven by osteopathic clinical and theoretical 
considerations.

Clearly, some of the vital areas in the traditions and clinical 
experiences of the profession can lead to distinctive basic research 
programs. Examples of such areas include:

■ The interactions between somatic and visceral structures are 
vital issues that are receiving attention in laboratories now, but 
are very underresearched.

■ How does the mechanoreceptor input from muscle affect sym-
pathetic outfl ow?

■ How does sympathetic activity affect somatic structure and 
function?

■ How can virus and bacterial activity be infl uenced by sympa-
thetic activity?

■ What is the structure and function of the fasciae of the body?

■ How do strains in the somatic structures affect visceral function 
over time?

■ What are the effects of various osteopathic procedures on vis-
ceral function?

Certainly one of the most basic questions in the area of osteopathic 
basic research is the prevalence and incidence of the entity known 
as somatic dysfunction. This is perhaps one of the most pressing 
and most diffi cult questions that remain unanswered in the profes-
sion. It actually crosses the bounds of basic and clinical areas.

The list of questions generated by osteopathic theory and clini-
cal experience is almost endless. However, to tap these areas, the 
researcher must be able to see how they apply to the osteopathic 
experience.

Clinical Research

As long as is the list of questions in the basic sciences fl owing from 
the osteopathic theory and practice, it is perhaps longer in the 
clinical arena. Various lists of the most important areas of clinical 
research have been generated, but consensus has not been reached. 
Areas that seem to be especially critical, although not prioritized, 
are included here.

Teaching Techniques in Osteopathic Manipulation

The area of research on educational techniques, although not clini-
cal, would provide important information on how to pass on the 
techniques and skills of osteopathic medicine. Research into how 
to best teach palpation, recognition of tissues texture alterations, 
and so forth, is badly needed.

Inter- and Intraexaminer Reliability Studies

One of the basic unknowns in osteopathic medicine (and manual 
medicine in general) is how to assess and improve the reliability 
between the examination skills of practitioners, and indeed, how 
reliable the same individual is when examining the same patient 
twice. There are studies available on the reliability between exam-
iners of the same patient (e.g., 17,18), but the studies vary widely 
in quality and fi ndings. In addition to being an important question 
in terms of how much value can be placed on palpatory fi ndings, 
studies on the factors infl uencing the reliability within and between 
palpators would help inform the teaching of these skills. This is an 
area that probably should be a priority in the profession and on 
which several projects are being mounted.

Outcomes and Cost Effectiveness of Osteopathic 
Manipulative Treatment

Although seemingly obvious, simple outcome studies that look at 
what happens to patients, without the use of controls, is needed. 
One such study is under way at present in Maine (the Maine Osteo-
pathic Outcomes Study, or MOOS), and more may be planned. 
However, with the amount of data collected by state, federal, and 
private entities, the numbers of epidemiologically related studies 
that are now possible are immense. Models for these types of stud-
ies must be generated more frequently in the profession.

Comparing Osteopathic Treatment Techniques with 
Other Forms of Manual Medicine

Many other forms of manual medicine exist. How do treatment 
techniques generated by the osteopathic profession compare with 

Chila_Chap74.indd   1082Chila_Chap74.indd   1082 8/6/2010   1:41:23 PM8/6/2010   1:41:23 PM



 74 • THE FUTURE OF OSTEOPATHIC  MEDICAL RESEARCH 1083

these? Is a manipulative treatment driven by osteopathic theory 
more effective than that given by other practitioners of manual 
medicine? Such questions are not only fascinating, but also vital to 
understanding the value of osteopathic medicine.

Comparing Different Modalities of 
Osteopathic Treatment

There are several major treatment modalities used in the profes-
sion. How do they compare in outcomes when used on a common 
disease process? Is a high-velocity/low-amplitude thrust better 
than a muscle treatment for a sore neck? Comparing one modality 
with another would produce interesting insights into the potential 
mechanisms of the different modalities, as well as their effi cacy in 
various conditions.

Effects of Manipulation on a Somatic Dysfunction

Just as the questions of prevalence and incidence of somatic 
dysfunction are basic to the profession, so are the questions sur-
rounding the actual infl uence of a manipulative treatment on a 
well-delineated somatic dysfunction. How do such parameters as 
chronicity and cause affect the outcome? Although it is assumed 
that an osteopathic treatment corrects somatic dysfunction, how 
long does the effect last in chronic cases, and how susceptible is the 
dysfunction to reoccurrence?

Effects of Manipulation on Diagnosed 
Disease Entities

This question has been debated for years and is, in fact, a basic 
question for payment for services. Actually, the list of conditions 
to target for such research has received much attention. At a recent 
meeting, several conditions were targeted for special consideration:

■ Chronic low back pain
■ Headache (type unspecifi ed)
■ Asthma
■ Otitis media

These conditions have a history of study in and outside the profes-
sion, and may be more amenable to tight research designs than 
many other conditions.

There is a wide range of studies either under way or in plan-
ning stages at osteopathic schools and other institutions. All should 
be encouraged, as each will add to the body of design knowledge 
about how to do research in osteopathic manipulative treatment. It 
is likely that a few conditions will have to be selected for full-scale 
studies due to cost and manpower limitations. Pilot studies will 
pave the way for selecting those conditions most likely to provide 
meaningful information on the large-scale effects of osteopathic 
treatment.

OSTEOPATHIC PHILOSOPHY AND LARGER 
RESEARCH QUESTIONS

Although these specifi c areas of research are important, the role of 
the osteopathic philosophy in shaping even larger questions, and 
directions of osteopathic research must be mentioned.

Basic to the philosophy and theory of osteopathy is the idea 
that the body is an integrated functional unit. This unit includes the 
physical, cognitive, and spiritual aspects of the individual. Indeed, 
there is a growing body of evidence suggesting positive effects 

of spiritual interventions, such as prayer, in the healing process 
(18–23). How these elements interact within the total individual 
and with the external environment determine the long-term health 
status of the person. From the beginning of osteopathic medicine, 
osteopathic practitioners have held that there was an entity that 
would adversely affect a person’s health status. This entity, which 
could be palpated and specifi cally treated with manipulation, was 
fi rst known as the osteopathic lesion and then, more recently, 
as somatic dysfunction. In the 1940s and 1950s, Denslow, Korr 
(24), and their colleagues postulated that a major component of 
the osteopathic lesion was the facilitated segment. The facilitated 
segment concept arose from the data gathered by these research-
ers, which showed that, in most individuals, there was no uniform 
excitability throughout the spinal cord. The areas of hyperexcit-
ability were shown to react more strongly to afferent input, expos-
ing innervated structures, both visceral and somatic, to increased 
activation. This break in body unity was postulated to lead to early 
breakdown and malfunction over time—in short, to disease. Clini-
cal disease was, then, a consequence of earlier body dysfunction. 
Indeed, this was a data-based theory that truly embodied one of 
Still’s basic insights; that clinical disease was a manifestation of 
body malfunction rather than a primary event.

DETERIORATION OF NORMAL FUNCTION 
AS A CENTRAL CONCEPT

That clinical disease is a result of earlier deterioration of normal 
function is central to osteopathic philosophy. It is perhaps best 
manifest in the treatment of somatic dysfunction, an entity not 
recognized by most medical practitioners as a clinical entity at all. 
Why treat it? Because it is the beginning of disease, the start of 
body breakdown. To treat the root of disease would seem to be 
more cost effective than waiting until the fi nal breakdown of clini-
cal disease has occurred before beginning treatment.

OTHER ROLES FOR SOMATIC DYSFUNCTION

Given this view, osteopathic research should be aimed at elucidat-
ing the relationships between disturbances of body function and 
health status:

■ How does the presence of somatic dysfunction predict the health 
status of the individual?

■ What is the incidence of serious somatic dysfunction and its 
natural history?

■ What environmental and lifestyle attributes seem to contribute 
to the incidence of somatic dysfunction?

■ How does lifestyle contribute to the incidence of somatic dys-
function in old age?

■ Flowing from these questions are even larger questions that 
should be at the forefront of osteopathic thinking.

■ What is the contribution of early lifestyle or events that happen 
to the person and the health status of the individual in old age?

■ What regime of manipulative treatment in early life will con-
tribute most to deterring the deterioration of health usually 
associated with old age?

■ More simply, why are some very old people vital and healthy 
and others completely overtaken by deterioration and disease?

■ What role does long-lasting somatic dysfunction play in the 
presence or absence of vitality in old age?

These questions are complex and not easily answered. The critical 
point is that at least some research of the profession should take 
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as its starting point body unity and the concept that the start of 
disease is the deterioration of that functional unity, not a bacterial 
or viral invasion.

INTEGRATION AND SELF-REGULATION 
IN HEALTH

These questions suggest several important areas of research for the 
osteopathic profession. In the basic sciences, increasing attention 
must be paid to understanding the integration of body systems and 
what can cause the fi ne-tuned integration of body function to dete-
riorate. The capacity of the body to self-regulate (homeostasis) and 
the limits of that capacity in both the short term and the long term 
must be better understood. Research aimed at elucidating the fi ne 
control and adaptation of body function would be especially useful. 
Integration of basic science data with data from studies of cognitive 
function gives a greater understanding of the role of the physician 
in the health maintenance process. A greater understanding of the 
effects of afferent input and cognitive function on the immune sys-
tem, and how manipulative treatment can affect this system, would 
be useful.

HEALTH BENEFITS OF MANIPULATIVE 
TREATMENT

Within the clinical research areas, there must be studies of the 
effi cacy of manipulative techniques and manipulative treatment. 
Measurements of the effects of manipulation on specifi c disease 
entities, such as those listed above, need to be carried out to dem-
onstrate that manipulation can be used effectively in treating spe-
cifi c disease processes. To rely on such demonstration studies to 
show the most signifi cant benefi ts of manipulation would, however, 
be unwise. The most benefi cial and lasting effects of manipulation 
and, indeed, of osteopathic care should be searched for in the effects 
on total functional capacity of individuals and in their long-term 
health status. The current health care system is preoccupied with 
the treatment of disease, especially in the chronic degeneration of 
old age. It is by no means clear that the chronic diseases commonly 
associated with old age are inevitable. What are the enabling or 
protective roles of early and continued normal body function in the 
aging process? Osteopathy is ideally suited by its philosophy and 
clinical experience to look at the effects of early disruptions of body 
unity on the deterioration of old age. This is a golden opportunity 
for osteopathic research.

TOTAL NATURE OF SOMATIC DYSFUNCTION

Clinical research should continue to look at the effects of manipula-
tion on specifi c disease processes. Such studies can be effectiveness 
studies, such as the use of manipulative treatment in low back and 
chronic pain syndromes. These studies could have fairly quick and 
valuable outcomes for the profession. Other less specifi c studies, 
such as the effects of manipulation on sympathetic tone, vasomotor 
reactivity, and muscle spasticity, contribute to an understanding of 
the more general effects of manipulation on body function. Studies 
of the effects of somatic dysfunction and its etiology, prevalence, 
and contributions to the long-term health of the individual form a 
solid base for a greater understanding of the fundamental dynamics 
of health and disease. Investigations of the effects of manipulation 
on somatic dysfunction and of osteopathic care on old age health 
status are probably the most important area of study to which the 
profession can aspire.

SUMMARY

Northup (1) wisely noted that the future of the profession rested 
in the decisions and integrity of organized osteopathy. Organized 
osteopathy now must rise to the challenge of mounting and sus-
taining a research enterprise that will test the central tenets and 
beliefs of the profession. These studies must be done on the play-
ing fi elds of the profession, not on those of other professions. The 
studies must test the profession’s questions and assumptions and be 
interpreted by those knowledgeable in the theories and practices 
of osteopathic medicine, not by others. The risk of allowing oth-
ers to do the studies or interpret the results from other points of 
view is simply unacceptable. The future of the profession now rests 
as much on its research endeavors as on its teaching and clinical 
endeavors. The three legs of the profession’s stool are equal, and 
all are vital.

By closely following the basic philosophy of osteopathy and the 
insights from its years of clinical experience, the research efforts 
of the profession can truly add to the most benefi cial aspects of 
health care to which osteopathy is fundamentally dedicated: the 
maintenance of health and optimal function of the total person 
throughout life.
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GLOSSARY OF OSTEOPATHIC 
TERMINOLOGY

The result of many years’ work by members of the Educational 
Council on Osteopathic Principles (ECOP), the Glossary of Osteo-
pathic Terminology (Glossary) was fi rst published in the Journal 
of the American Osteopathic Association April 1981 (No. 80, pages 
552–567). The appearance of Foundations for Osteopathic Medicine, 
Ward RC (ed.); Williams & Wilkins, Baltimore, MD led to inclu-
sion of the Glossary in the fi rst edition (1997, pp. 1126–1140) and 
the second edition (2003, pp. 1229–1253). 

The revision process for the Glossary is ongoing, conducted 
by members of the ECOP Glossary Review Committee. Defi ni-
tions are sought which are uniquely osteopathic in their origin or 
common word usage. Other considerations include distinctiveness 
in the osteopathic usage of a common word, and/or importance 
in describing osteopathic principles, philosophy, and osteopathic 
manipulative treatment. The Glossary is expected to be useful to 
students and practitioners of osteopathic medicine, and helpful 
to authors and other professionals in understanding and making 
proper use of osteopathic vocabulary. The most current and revised 

version is available on two websites: American Association of 
Colleges of Osteopathic Medicine (AACOM) in PDF format 
at www.aacom.org and the American Osteopathic Association 
(AOA) at www.osteopathic.org.

The April 2009 glossary review was performed by John Glover, 
D.O., F.A.A.O., ECOP Chairman, Lisa DeStefano, D.O., 
William Devine, D.O., Walter Ehrenfeuchter, D.O., F.A.A.O., 
David Eland, D.O., F.A.A.O., Heather Ferrill, D.O., Tom 
Fotopoulos, D.O., Eric Gish, D.O., Rebecca Giusti, D.O., John 
Glover, D.O., F.A.A.O., Laura Griffi n, D.O., F.A.A.O., David 
Harden, D.O., Kurt Heinking, D.O., F.A.A.O., Jan Hendryx, 
D.O., F.A.A.M.A., Kendi Hensel, D.O., Ph.D., Robert Kappler, 
D.O., F.A.A.O., Jon Kirsch, D.O., Bradley Klock, D.O., 
F.A.A.O., William Lemley, D.O., F.A.A.O., David Mason, D.O., 
F.A.C.O.F.P., William Morris, D.O., Evan Nicholas, D.O., Paul 
Rennie, D.O., F.A.A.O., Mark Sandhouse, D.O., Harriet Shaw, 
D.O., Karen Snider, D.O., Melicien Tettambel, D.O., F.A.A.O., 
Greg Thompson, D.O., Kevin Treffer, D.O.
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A

abbreviations (types of osteopathic manipulative treatment):

ART: articulatory treatment
BLT: balanced ligamentous tension treatment
CR: osteopathy in the cranial fi eld
CS: counterstrain treatment
D: direct treatment
DIR: direct treatment
FPR: facilitated positional release treatment
HVLA: high velocity/low amplitude treatment
I: indirect treatment
IND: indirect treatment
INR: integrated neuromusculoskeletal release treatment
LAS: ligamentous articular strain treatment
ME: muscle energy treatment MFR: myofascial release treatment
NMM-OMM: neuromusculoskeletal medicine
OCF: osteopathy in the cranial fi eld/cranial treatment
OMTh: osteopathic manipulative therapy (non-US terminology)
OMT: osteopathic manipulative treatment
PINS: progressive inhibition of neuromuscular structures
ST: soft tissue treatment
VIS: visceral manipulative treatment

accessory joint motions: See secondary joint motion.
accessory movements: Movements used to potentiate, accentuate, or 

compensate for an impairment in a physiologic motion (e.g., the move-
ments needed to move a paralyzed limb).

accommodation: A self-reversing and nonpersistent adaptation.
active motion: See motion, active.
acute somatic dysfunction: See somatic dysfunction, acute.
allopathy: A therapeutic system in which a disease is treated by produc-

ing a second condition that is incompatible with or antagonistic to the 
fi rst (Stedman’s).

allopath, allopathic physician: 1. A term originated by Samuel Hahne-
mann, MD, to distinguish homeopaths from physicians practicing tra-
ditional/orthodox medicine. 2. In common usage, a general term used 
to differentiate MDs (medical doctors) from other schools of medicine. 
See allopathy, osteopathic physician.

anatomical barrier: See barrier (motion barrier).
angle:

Ferguson a., See angle, lumbosacral.
lumbolumbar lordotic a., an objective quantifi cation of lumbar lordo-

sis typically determined by measuring the angle between the superior 
surface of the second lumbar vertebra and the inferior surface of the 
fi fth lumbar vertebra; best measured from a standing lateral x-ray fi lm 
(Fig. 1).

lumbosacral a., represents the angle of the lumbosacral junction as 
measured by the inclination of the superior surface of the fi rst sacral 
vertebra to the horizontal (this is actually a sacral angle); usually mea-
sured from standing lateral x-ray fi lms; also known as Ferguson angle 
(Fig. 2).

lumbosacral lordotic a., an objective quantifi cation of lumbar lordosis 
typically determined by measuring the angle between the superior 
surface of the second lumbar vertebra and the superior surface of the 
fi rst sacral segment; best measured from a standing lateral x-ray fi lm 
(Fig. 3).

anterior component: A positional descriptor used to identify the side of 
reference when rotation of a vertebra has occurred; in a condition of 
right rotation, the left side is the anterior component; usually refers to 
the less prominent transverse process; See also posterior component.

anterior compression test: See ASIS (anterior superior iliac spine) compres-
sion test.

Figure 1 Lumbolumbar angle (L2-L5)

Figure 2 Lumbosacral angle (S1-horizon) (Ferguson’s angle).

Figure 3 Lumbosacral lordotic angle.

anterior iliac rotation: See ilium, somatic dysfunction of, anterior (forward) 
innominate (iliac) rotation.

anterior nutation, See nutation.
anterior rib: See rib somatic dysfunction, inhalation rib dysfunction.
ART: See TART.
articular pillar: 1. Refers to the columnar arrangement of the articular 

portions of the cervical vertebrae. 2. Those parts of the lateral arches 
of the cervical vertebrae that contain a superior and inferior articular 
facet.

articulation: 1. The place of union or junction between two or more 
bones of the skeleton. 2. The active or passive process of moving a joint 
through its permitted anatomic range of motion. See also osteopathic 
manipulative treatment, articulatory treatment (ART) system.
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body unity: One of the basic tenets of the osteopathic philosophy; the 
human being is a dynamic unit of function; See also osteopathic philosophy.

bogginess: A tissue texture abnormality characterized principally by a 
palpable sense of sponginess in the tissue, interpreted as resulting from 
congestion due to increased fl uid content.

bucket handle rib motion: See rib motion, bucket handle.

C
caliper rib motion: See rib motion, caliper rib motion.
caudad: Toward the tail or inferiorly.
caught in inhalation: See inhalation rib dysfunction.
caught in exhalation: See exhalation rib dysfunction.
cavitation: The formation of small vapor and gas bubbles within fl uid 

caused by local reduction in pressure. This phenomenon is believed to 
produce an audible “pop” in certain forms of OMT.

articulatory pop: The sound made when cavitation occurs in a joint. See 
also cavitation.

articulatory technique: See also technique. See osteopathic manipulative 
treatment, articulatory treatment (ART) system.

asymmetry: Absence of symmetry of position or motion; dissimilarity 
in corresponding parts or organs on opposite sides of the body that are 
normally alike; of particular use when describing position or motion 
alteration resulting from somatic dysfunction. NB: This term is part of 
the TART acronym for an osteopathic somatic dysfunction.

axis: 1. An imaginary line about which motion occurs. 2. The second 
cervical vertebra. 3. One component of an axis system.

axis of rib motion: See rib motion, axis.
ASIS (anterior superior iliac spine) compression test: 1. A test for lat-

eralization of somatic dysfunction of the sacrum, innominate or pubic 
symphysis. 2. Application of a force through the ASIS into one of the 
pelvic axes to assess the mechanics of the pelvis. See also sacral motion, 
axis of (Fig. 4).

axis of sacral motion: See sacral motion, axis of.
axoplasmic fl ow: See axoplasmic transport.
axoplasmic transport: The antegrade movement of substances from the 

nerve cell along the axon toward the terminals, and the retrograde move-
ment from the terminals toward the nerve cell.

B

backward bending: Opposite of forward bending. See extension.
backward bending test: 1. This test discriminates between forward and 

backward sacral torsion/rotation. 2. This test discriminates between uni-
lateral sacral fl exion and unilateral sacral extension.

backward torsion: See sacrum, somatic dysfunctions of, backward torsions.
balanced ligamentous tension technique: See osteopathic manipulative 

treatment, balanced ligamentous tension. See also osteopathic manipulative 
treatment, ligamentous articular strain.

barrier (motion barrier): The limit to motion; in defi ning barriers, the 
palpatory end-feel characteristics are useful (Fig. 5).
anatomic b., the limit of motion imposed by anatomic structure; the 

limit of passive motion.
elastic b., the range between the physiologic and anatomic barrier of 

motion in which passive ligamentous stretching occurs before tissue 
disruption.

pathologic b., a restriction of joint motion associated with patho-
logic change of tissues (example: osteophytes). See also barrier, 
restrictive b.

physiologic b., the limit of active motion.
restrictive b., a functional limit that abnormally diminishes the nor-

mal physiologic range.
batwing deformity: See transitional vertebrae, sacralization.
bind: Palpable resistance to motion of an articulation or tissue. Synonym: 

resistance. Antonyms: ease, compliance, resilience.
biomechanics: Mechanical principles applied to the study of biologi-

cal functions; the application of mechanical laws to living structures; 
the study and knowledge of biological function from an application of 
mechanical principles.

Figure 4 ASIS compression test.

Figure 5 Somatic dysfunction in a single plane: three methods 
illustrating the “restrictive barrier” (the restrainer): AB, ana-
tomic barrier; PB, physiologic barrier; RB, restrictive barrier; SD, 
somatic dysfunction (From Foundations for Osteopathic Medicine, 
Baltimore, Williams & Wilkins, 1997:484.)
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cranial technique: See osteopathic manipulative treatment, osteopathy in the 
cranial fi eld. See also primary respiratory mechanism.

craniosacral manipulation: See osteopathic manipulative treatment, oste-
opathy in the cranial fi eld.

craniosacral mechanism: 1. A term used to refer to the anatomical con-
nection between the occiput and the sacrum by the spinal dura mater. 
2. A term coined by William G. Sutherland, DO. See also extension, 
craniosacral extension and fl exion, craniosacral fl exion.

C-SPOMM: Certifi cation Special Profi ciency in Osteopathic Manipula-
tive Medicine. Granted by the American Osteopathic Association through 
the American Osteopathic Board of Special Profi ciency in Osteopathic 
Manipulative Medicine from 1989 through 1999. See also NMM-OMM.

creep: The capacity of fascia and other tissue to lengthen when subjected 
to a constant tension load resulting in less resistance to a second load 
application.

CV-4: See osteopathic manipulative treatment, CV-4.

D

Dalrymple treatment: See osteopathic manipulative treatment, pedal 
pump.

decompensation: A dysfunctional, persistent pattern, in some cases 
reversible, resulting when homeostatic mechanisms are partially or 
totally overwhelmed.

depressed rib: See rib somatic dysfunction, exhalation rib dysfunction.
dermatome: 1. The area of skin supplied by cutaneous branches from a 

single spinal nerve. (Neighboring dermatomes may overlap.) 2. Cutis 
plate; the dorsolateral part of an embryonic somite (Figs. 6 and 7).

diagnostic palpation: See palpatory diagnosis.
diagonal axis: See sacral, oblique axis, diagonal.
direct method (technique): See osteopathic manipulative treatment, direct 

treatment.

cephalad: Toward the head.
cephalad pubic dysfunction: See pubic bone, somatic dysfunctions of, supe-

rior pubic shear.
cerebrospinal fl uid, fl uctuation of: A description of the hypothesized 

action of cerebrospinal fl uid with regard to the craniosacral mechanism. 
cervicolumbar refl ex: See refl ex, cervicolumbar r.

Chapman refl ex: 1. A system of refl ex points that present as predictable 
anterior and posterior fascial tissue texture abnormalities (plaque-like 
changes or stringiness of the involved tissues) assumed to be refl ections 
of visceral dysfunction or pathology. 2. Originally used by Frank Chap-
man, DO, and described by Charles Owens, DO.

chronic somatic dysfunction: See somatic dysfunction, chronic.
circumduction: 1. The circular movement of a limb. 2. The rotary move-

ment by which a structure is made to describe a cone, the apex of the 
cone being a fi xed point (e.g., the circular movement of the shoulder).

combined technique: See osteopathic manipulative treatment, combined 
method.

common compensatory pattern: See fascial patterns, common compensa-
tory pattern.

compensatory fascial patterns: See fascial patterns, common compensatory 
pattern.

complete motor asymmetry: Asymmetry of palpatory responses to 
all regional motion inputs including rotation, translation and active 
respiration.

compliance: 1. The ease with which a tissue may be deformed. 2. Direc-
tion of ease in motion testing.

compression: 1. Somatic dysfunction in which two structures are forced 
together. 2. A force that approximates two structures.

conditioned refl ex: See refl ex, conditioned r.
contraction: Shortening and/or development of tension in muscle.

concentric c., contraction of muscle resulting in approximation of 
attachments.

eccentric c., lengthening of muscle during contraction due to an exter-
nal force.

isokinetic c., 1. A concentric contraction against resistance in which 
the angular change of joint motion is at the same rate. 2. The coun-
terforce is less than the patient force.

isolytic c., 1. A form of eccentric contraction designed to break adhe-
sions using an operator-induced force to lengthen the muscle. 2. The 
counterforce is greater than the patient force.

isometric c., 1. Change in the tension of a muscle without approxima-
tion of muscle origin and insertion. 2. Operator force equal to patient 
force.

isotonic c., 1. A form of concentric contraction in which a constant 
force is applied. 2. Operator force less than patient force.

contracted muscle: The physiologic response to a neuromuscular excita-
tion. See also contractured muscle.

contracture: A condition of fi xed high resistance to passive stretch of a 
muscle, resulting from fi brosis of the tissues supporting the muscles or 
the joints, or from disorders of the muscle fi bers.
Dupuytren c., shortening, thickening and fi brosis of the palmar fascia, 

producing a fl exion deformity of a fi nger (Dorland’s).
contractured muscle: histological change substituting noncontractile tis-

sue for muscle tissue, which prevents the muscle from reaching normal 
relaxed length. See also contracted muscle.

core link: The connection of the spinal dura mater from the occiput at 
the foramen magnum to the sacrum. It coordinates the synchronous 
motion of these two structures.

coronal plane: See plane, frontal.
costal dysfunction: See rib, dysfunction.
counternutation: Posterior movement of the sacral base around a trans-

verse axis in relation to the ilia. See also nutation.
counterstrain technique: See osteopathic manipulative treatment, counter-

strain.
cranial manipulation: See osteopathic manipulative treatment, cranial 

manipulation.
cranial rhythmic impulse (CRI): 1. A palpable, rhythmic fl uctuation 

believed to be synchronous with the primary respiratory mechanism. 
2. Term coined by John Woods, DO, and Rachel Woods, DO.

Figure 6 Dermatomal map (anterior). (Modifi ed from Agur AMR, 
Grant’s Atlas of Anatomy, 9th ed. Baltimore, Md: Williams & Wilkins; 
1991:37).
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DO: 1. Doctor of Osteopathy (graduate of a school accredited by the 
American Osteopathic Association). 2. Doctor of Osteopathic Medi-
cine (graduate of a school accredited by the American Osteopathic 
Association). 3. Diplomate in Osteopathy (The fi rst degree granted by 
American School of Osteopathy). 4. Diplomate of Osteopathy, a degree 
granted by some schools of osteopathy outside the United States (not 
accredited by the American Osteopathic Association).

drag: See skin drag.

E

ease: Relative palpable freedom of motion of an articulation or tissue. 
Synonyms: compliance, resilience. Antonyms: bind, resistance.

easy normal: See neutral, defi nition number 2.
-ed: A suffi x describing status, position, or condition (e.g., extended, 

fl exed, rotated, restricted).
effl eurage: Stroking movement used to move fl uids.
elastic deformation: Any recoverable deformation. See also plastic 

deformation.
elasticity: Ability of a strained body or tissue to recover its original shape 

after deformation. See also plasticity and viscosity.
elevated rib: See rib somatic dysfunction, inhalation rib dysfunction. See 

also rib motion, exhalation rib restriction.
end feel: Perceived quality of motion as an anatomic or physiologic 

restrictive barrier is approached.
enthesitis: 1. Traumatic disease occurring at the insertion of muscles 

where recurring concentration of muscle stress provokes infl ammation 
with a strong tendency toward fi brosis and calcifi cation (Stedman’s). 
2. Infl ammation of the muscular or tendinous attachment to bone 
(Dorland’s).

ERS: A descriptor of spinal somatic dysfunction used to denote a combi-
nation extended (E), rotated (R), and sidebent (S) vertebral position.

Figure 7 Dermatomal map (posterior). (Modifi ed from Agur 
AMR, Grant’s Atlas of Anatomy, 9th ed. Baltimore, Md: Williams & 
Wilkins; 1991:37).

Figure 8 Craniosacral extension.

Figure 9 Regional extension.

ERS left, somatic dysfunction in which the vertebral unit is extended, 
rotated and sidebent left; usually preceded by a designation of the 
vertebral unit(s) involved (e.g., T5 ERS left or T5 ERLSL).

ERS right, somatic dysfunction in which the vertebral unit is extended, 
rotated and sidebent right; usually preceded by a designation of the 
vertebral unit(s) involved (e.g., C3-5 ERS right or C3-5 ERRSR).

exaggeration method: See osteopathic manipulative treatment, exaggera-
tion method.

exaggeration technique: See osteopathic manipulative treatment, exaggera-
tion technique.

exhaled rib: (Archaic) using positional (static) diagnosis. See rib somatic 
dysfunction, exhalation rib dysfunction.

exhalation rib dysfunction: See rib somatic dysfunction, exhalation rib 
dysfunction.

exhalation rib restriction: See rib motion, exhalation rib restriction. See 
also rib somatic dysfunction, inhalation rib dysfunction.

exhalation strain: See rib somatic dysfunction, exhalation rib dysfunction.
extension: 1. Accepted universal term for backward motion of the spine 

in a sagittal plane about a transverse axis; in a vertebral unit when the 
superior part moves backward. 2. In extremities, it is the straightening 
of a curve or angle (biomechanics). 3. Separation of the ends of a curve 
in a spinal region; See extension, regional extension.
craniosacral e., motion occurring during the cranial rhythmic impulse 

when the sphenobasilar symphysis descends and sacral base moves 
anteriorly (Fig. 8).

regional e., historically, the straightening in the sagittal plane of a spi-
nal region; also called Fryette’s regional extension (Fig. 9).

sacral e., posterior movement of the base of the sacrum in relation to 
the ilia (Fig. 10). See also fl exion, sacral fl exion.
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fascial release technique: See osteopathic manipulative treatment, myofas-
cial release.

fascial unwinding: See osteopathic manipulative treatment, fascial unwinding.
Ferguson angle: See angle, lumbosacral.

fl exion: 1. Accepted universal term for forward motion of the spine, 
in its sagittal plane about a transverse axis, where the superior part 
moves forward. 2. In the extremities, it is the approximation of a curve 
or angle (biomechanics). 3. Approximation of the ends of a curve in a 
spinal region; also called Fryette regional fl exion. See fl exion, regional 
fl exion.

craniosacral fl exion, motion occurring during the cranial rhythmic 
impulse, when the sphenobasilar symphysis ascends and the sacral 
base moves posteriorly. (Fig. 13)

regional f., historically, is the approximation of the ends of a curve in 
the sagittal plane of the spine; also called Fryette regional fl exion. See 
fl exion. (Fig. 14)

sacral f., anterior movement of sacral base in relation to the ilia 
(Fig. 15). See also extension, sacral extension.

fl exion left: See sidebending.
fl exion right: See sidebending.
fl exion tests: Tests for iliosacral or sacroiliac somatic dysfunction.

seated fl exion test, a screening test that determines the side of sacro-
iliac somatic dysfunction (motion of the sacrum on the ilium).

standing fl exion test, a screening test that determines the side of ili-
osacral somatic dysfunction (motion of ilium on the sacrum).

forward bending: Reciprocal of backward bending. See fl exion.
forward torsions: See sacrum, somatic dysfunctions of, forward torsions.
FRS: A descriptor of spinal somatic dysfunction used to denote a combi-

nation fl exed (F), rotated (R), and sidebent (S) vertebral position.
FRS left, somatic dysfunction in which the vertebral unit is fl exed, 

rotated and sidebent left; usually preceded by a designation of the 
vertebral unit(s) involved (e.g., T5 FRS left or T5 FRLSL).

extrinsic corrective forces: Treatment forces external to the patient that 
may include operator effort, effect of gravity, mechanical tables, etc. See 
also intrinsic corrective forces.

F

FAAO: 1. Fellow of American Academy of Osteopathy. 2. This fel-
lowship is an earned postdoctoral degree conferred by the American 
Academy of Osteopathy. Those who earn the FAAO degree must have 
demonstrated their commitment to osteopathic principles and practice 
through teaching, writing, and professional service, performed at the 
highest level of professional and ethical standards.

facet asymmetry: Confi guration in which the structure, position and/or 
motion of the facets are not equal bilaterally. See also facet symmetry and 
tropism, facet.

facet symmetry: Confi guration in which the structure, position and/or 
motion of the facets are equal bilaterally. See also facet asymmetry and 
symmetry.

facilitated positional release: See osteopathic manipulative treatment, 
facilitated positional release.

facilitated segment: See spinal facilitation.
facilitation: See spinal facilitation.
fascial patterns: 1. Systems for classifying and recording the preferred 

directions of fascial motion throughout the body. 2. Based on the obser-
vations of J. Gordon Zink, DO, and W. Neidner, DO.
common compensatory pattern (CCP), the specifi c fi nding of alter-

nating fascial motion preference at transitional regions of the body 
described by Zink and Neidner (Fig. 11).

uncommon compensatory pattern, the fi nding of alternating fascial 
motion preference in the direction opposite that of the common com-
pensatory pattern described by Zink and Neidner (Fig. 12).

uncompensated fascial pattern, the fi nding of fascial preferences that 
do not demonstrate alternating patterns of fi ndings at transitional 
regions. Because they occur following stress or trauma, they tend to 
be symptomatic.

Figure 10 Sacral extension.

Figure 11 Common compensatory fascial pattern (Zink).

Figure 12 Uncommon compensatory fascial pattern (Zink).

Figure 13 Craniosacral fl exion.
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the A-P (anterior-posterior) curves of the spine. See also mid-malleolar 
line (Fig. 16).

H

habituation: Decreased physiologic response to repeated stimulation.
health: Adaptive and optimal attainment of physical, mental, emotional, 

spiritual and environmental well-being.
hepatic pump: See osteopathic manipulative treatment, hepatic pump.
high velocity/low amplitude technique (HVLA): See osteopathic manip-

ulative treatment, high velocity/low amplitude technique (HVLA).
hip bone: See innominate. See also innominate, somatic dysfunctions of.
homeostasis: 1. Maintenance of static or constant conditions in the inter-

nal environment. 2. The level of well-being of an individual maintained 
by internal physiologic harmony that is the result of a relatively stable 
state or equilibrium among the interdependent body functions.

homeostatic mechanism: A system of control activated by negative feed-
back (Dorland’s).

Hoover technique: See osteopathic manipulative treatment, Hoover technique.
hysteresis: During the loading and unloading of connective tissue, the 

restoration of the fi nal length of the tissue occurs at a rate and to an 
extent less than during deformation (loading). These differences rep-
resent energy loss in the connective tissue system. This difference in 
viscoelastic behavior (and energy loss) is known as hysteresis (or “stress-
strain”). (Foundations, 2nd ed, p. 1158).

hypertonicity: 1. A condition of excessive tone of the skeletal muscles. 
2. Increased resistance of muscle to passive stretching.

I

ILA: See sacrum, inferior lateral angle of.
ilia: The plural of ilium. See ilium.
ilial compression test: See ASIS compression test.
ilial rocking test: See ASIS compression test.
iliosacral motion: Motion of one innominate (ilium) with respect to the 

sacrum. Iliosacral motion is part of pelvic motion during the gait cycle.
iliosacral dysfunction: See innominate somatic dysfunctions.
ilium: the expansive superior portion of the innominate (hip bone or os 

coxae).
indirect method: See osteopathic manipulative treatment, indirect method.

FRS right, somatic dysfunction in which the vertebral unit is fl exed, 
rotated and sidebent right; usually preceded by a designation of the 
vertebral unit(s) involved (e.g., C3-5 FRS right or C3-5 FRRSR).

frontal plane: See plane, frontal.
Fryette laws: See laws, Fryette. See physiologic motion of the spine.
Fryette principles: See physiologic motion of the spine.
Fryette regional extension: See extension, regional extension.
Fryette regional fl exion: See fl exion, regional fl exion.
FSR: A descriptor of spinal somatic dysfunction used to denote a com-

bination fl exed (F), sidebent (S), and rotated (R) vertebral position. See 
FRS.

functional method: See osteopathic manipulative treatment, functional 
method.

functional technique: See osteopathic manipulative treatment, functional method.

G

gait: a forward translation of the body’s center of gravity by bipedal loco-
motion. (DeLisa)

Galbreath treatment: See osteopathic manipulative treatment, mandibular 
drainage.

gravitational line: Viewing the patient from the side, an imaginary line 
in a coronal plane which, in the theoretical ideal posture, starts slightly 
anterior to the lateral malleolus, passes across the lateral condyle of the 
knee, the greater trochanter, through the lateral head of the humerus 
at the tip of the shoulder to the external auditory meatus; if this were a 
plane through the body, it would intersect the middle of the third lumbar 
vertebra and the anterior one third of the sacrum. It is used to evaluate 

Figure 14 Regional fl exion.

Figure 15 Sacral fl exion.

Figure 16 Gravitational line.
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inferior ilium: See innominate, somatic dysfunctions of, inferior innominate 
shear.

inferior lateral angle (ILA) of the sacrum: See sacrum, inferior lateral 
angle.

inferior pubis: See pubic bone, somatic dysfunctions of, inferior pubic shear.
inferior transverse axis: See sacral motion axis, inferior transverse axis.
inhalation rib: See rib somatic dysfunction, inhalation rib dysfunction.
inhalation rib restriction: See rib somatic dysfunction, inhalation rib 

dysfunction.
inhalation strain: See rib somatic dysfunction, inhalation rib dysfunction.
inhibition: See osteopathic manipulative treatment, inhibitory pressure 

technique.
inhibitory pressure technique: See osteopathic manipulative treatment, 

inhibitory pressure technique.
innominate: The os coxae is a large irregular shaped bone that consists of 

three parts: ilium, ischium and pubis, which meet at the acetabulum, the 
cup shaped cavity for the head of the femur at the hip (femoroacetabular) 
joint. Also called the innominate bone or pelvic bone. See also hip bone.

innominate rotation: Rotational motion of one innominate bone relative 
to the sacrum on the inferior transverse axis.

innominate somatic dysfunctions: anterior innominate rotation, a somatic 
dysfunction in which the anterior superior iliac spine (ASIS) is anterior 
and inferior to the contralateral landmark. The innominate (os coxae) 
moves more freely in an anterior and inferior direction, and is restricted 
from movement in a posterior and superior direction (Fig. 17).
downslipped innominate, See inferior innominate shear.
inferior innominate shear, a somatic dysfunction in which the ante-

rior superior iliac spine (ASIS) and posterior superior iliac spines 
(PSIS) are inferior to the contralateral landmarks. The innominate 
(os coxae) moves more freely in an inferior direction, and is restricted 
from movement in a superior direction (Fig. 18).

Figure 17 Anterior right innominate. Forced anterior rotation can 
also result in an inferior pubic shear.

Figure 18 Right inferior innominate shear. This also may or may 
not result in an inferior pubic shear.

Figure 19 Infl ared right innominate.

Figure 20 Outfl ared right innominate.

Figure 21 Right posterior innominate. Forced posterior rotation 
may or may not result in a superior pubic shear.

infl ared innominate, a somatic dysfunction of the innominate (os 
coxae) resulting in medial positioning of the anterior superior iliac 
spine (ASIS). The innominate moves more freely in a medial direc-
tion, and is restricted from movement in a lateral direction (Fig. 19).

outfl ared innominate, a somatic dysfunction of the innominate (os 
coxae) resulting in lateral positioning of the anterior superior iliac 
spine (ASIS). The innominate moves more freely in a lateral direction, 
and is restricted from movement in a medial direction (Fig. 20).

posterior innominate rotation, a somatic dysfunction in which the 
anterior superior iliac spine (ASIS) is posterior and superior to the 
contralateral landmarks. The innominate (os coxae) moves more 
freely in a posterior and superior direction, and is restricted from 
movement in an anterior and inferior direction (Fig. 21).
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laterofl exion: See sidebending.
law:

Fryette l., of motion, See physiologic motion of the spine.
Head l., when a painful stimulus is applied to a body part of low sen-

sitivity (e.g., viscus) that is in close central connection with a point of 
higher sensitivity (e.g., soma), the pain is felt at the point of higher 
sensitivity rather than at the point where the stimulus was applied.

Lovett l., An observed association between the superior and inferior 
vertebrae, which are paired two by two. The cervical and superior 
thoracic biomechanics act in a synchronous manner with the lumbar 
and inferior thoracic biomechanics. For example, if C1 is in a right 
posterior positional lesion, L5 also moves into a right posterior posi-
tion. In this case, L5 is the “Lovett partner” of C1. The treatment of 
L5 helps to stabilize C1 and the skull by changing the lines of gravity 
(French usage).

Sherrington l., 1. Every posterior spinal nerve root supplies a specifi c 
region of the skin, although fi bers from adjacent spinal segments may 
invade such a region. 2. When a muscle receives a nerve impulse to 
contract, its antagonist receives, simultaneously, an impulse to relax. 
(These are only two of Sherrington’s contributions to neurophysiol-
ogy; these are the ones most relevant to osteopathic principles.)

Wolff  l., every change in form and function of a bone, or in its func-
tion alone, is followed by certain defi nite changes in its internal 
architecture, and secondary alterations in its external conformations 
(Stedman’s, 25th ed); (e.g., bone is laid down along lines of stress).

lesion (osteopathic): See osteopathic lesion. See somatic dysfunction
ligamentous:

l.  articular strain, any somatic dysfunction resulting in abnormal liga-
mentous tension or strain. See also osteopathic manipulative treatment, 
ligamentous articular strain technique.

l.  articular strain technique, See osteopathic manipulative treatment, 
ligamentous articular strain technique.

l.  strain, motion and/or positional asymmetry associated with elastic 
deformation of connective tissue (fascia, ligament, membrane). See 
strain and ligamentous articular strain.

line of gravity: See gravitational line.
linkage: See somatic dysfunction, linkage.
liver pump: See osteopathic manipulative treatment, hepatic pump.
localization: 1. In manipulative technique, the precise positioning of the 

patient and vector application of forces required to produce a desired 
result. 2. The reference of a sensation to a particular locality in the 
body.

longitudinal axis: See sacral, sacral motion axis, longitudinal axis.
lordosis: 1. The anterior convexity in the curvature of the lumbar and 

cervical spine as viewed from the side. The term is used to refer to 
abnormally increased curvature (hollow back, saddle back, sway back) 
and to the normal curvature (normal lordosis). (Dorland’s). 2. Hollow 
back or saddle back; an abnormal extension deformity; anteroposterior 
curvature of the spine, generally lumbar with the convexity looking 
anteriorly (Stedman’s).

lordotic: Pertaining to or characterized by lordosis.
lumbarization: See transitional vertebrae, lumbarization.
lumbolumbar lordotic angle: See angle, lumbolumbar lordotic.
lumbosacral angle: See angle, lumbosacral.
lumbosacral lordotic angle: See angle, lumbosacral lordotic.
lumbosacral spring test: See spring test.
lymphatic pumps: See osteopathic manipulative treatment, lymphatic 

pump. See also osteopathic manipulative treatment, pedal pump. See also 
osteopathic manipulative treatment, thoracic pump.

lymphatic treatment: Techniques used to optimize function of the lym-
phatic system. See osteopathic manipulative treatment, lymphatic pump. 
See also osteopathic manipulative treatment, pedal pump. See also osteo-
pathic manipulative treatment, thoracic pump.

M

mandibular drainage technique: See osteopathic manipulative treatment, 
mandibular drainage technique.

manipulation: Therapeutic application of manual force. See also tech-
nique. See also osteopathic manipulative treatment.

superior innominate shear, a somatic dysfunction in which the ante-
rior superior iliac spine (ASIS) and posterior superior iliac spines 
(PSIS) are superior to the contralateral landmarks. The innominate 
(os coxae) moves more freely in a superior direction, and is restricted 
from movement in an inferior direction (Fig. 22).

upslipped innominate, See superior innominate shear.
integrated neuromusculoskeletal release: See osteopathic manipulative 

treatment, integrated neuromusculoskeletal release.
intersegmental motion: Designates relative motion taking place between 

two adjacent vertebral segments or within a vertebral unit that is 
described as the upper vertebral segment moving on the lower.

intrinsic corrective forces: Voluntary or involuntary forces from within 
the patient that assist in the manipulative treatment process. See also 
extrinsic corrective forces.

isokinetic exercise: Exercise using a constant speed of movement of the 
body part.

isolytic contraction: See contraction, isolytic c.
isometric contraction: See contraction, isometric c.
isotonic contraction: See contraction, isotonic c.

J

Jones technique: See osteopathic manipulative treatment, counterstrain.
junctional region: See transitional region.

K

key lesion: The somatic dysfunction that maintains a total dysfunction 
pattern including other secondary dysfunctions.

kinesthesia: The sense by which muscular motion, weight, position, etc. 
are perceived.

kinesthetic: Pertaining to kinesthesia.
kinetics: The body of knowledge that deals with the effects of forces that 

produce or modify body motion.
klapping: Striking the skin with cupped palms to produce vibrations 

with the intention of loosening material in the lumen of hollow tubes or 
sacs within the body, particularly the lungs.

kneading: A soft tissue technique that utilizes an intermittent force 
applied perpendicular to the long axis of the muscle.

kyphoscoliosis: A spinal curve pattern combining kyphosis and scoliosis. 
See also kyphosis. See also scoliosis.

kyphosis: 1. The exaggerated (pathologic) A-P curve of the thoracic 
spine with concavity anteriorly. 2. Abnormally increased convexity in 
the curvature of the thoracic spine as viewed from the side (Dorland’s).

kyphotic: Pertaining to or characterized by kyphosis.

L

lateral fl exed vertebral body: See sidebent.
lateral fl exion: Also called laterofl exion. See sidebending.
lateral masses (of the atlas): The most bulky and solid parts of the atlas 

that support the weight of the head.

Figure 22 Right superior innominate shear. This also may or may 
not result in a superior pubic shear.
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neurologic model, the goal of the neurologic model is to attain auto-
nomic balance and address neural refl ex activity, remove facilitated 
segments, decrease afferent nerve signals and relieve pain. The osteo-
pathic manipulative techniques used to infl uence this area of patient 
health include counterstrain and Chapman refl ex points.

behavioral model, the goal of this model is to improve the biologi-
cal, psychological and social components of the health spectrum. This 
includes emotional balancing and compensatory mechanisms. Repro-
ductive processes and behavioral adaption are also included under this 
model.

motion: 1. A change of position (rotation and/or translation) with respect 
to a fi xed system; 2. An act or process of a body changing position in 
terms of direction, course and velocity.
active m., movement produced voluntarily by the patient.
inherent m., spontaneous motion of every cell, organ, system and their 

component units within the body.
m. barrier, See barrier (motion barrier).
passive m., motion induced by the osteopathic practitioner while the 

patient remains passive or relaxed.
physiologic m., changes in position of body structures within the nor-

mal range. See also physiologic motion of the spine.
translatory m., motion of a body part along an axis. See also translation.

muscle energy technique: See osteopathic manipulative treatment, muscle 
energy.

myofascial release technique: See osteopathic manipulative treatment, 
myofascial release.

myofascial technique: See osteopathic manipulative treatment, myofascial 
technique.

myofascial trigger point: See trigger point.
myogenic tonus: 1. Tonic contraction of muscle dependent on some 

property of the muscle itself or of its intrinsic nerve cells. 2. Contraction 
of a muscle caused by intrinsic properties of the muscle or by its intrinsic 
innervation (Stedman’s).

myotome: 1. All muscles derived from one somite and innervated by one 
segmental spinal nerve. 2. That part of the somite that develops into 
skeletal muscle (Stedman’s).

N

neurotrophicity: See neurotrophy.
neurotrophy: The nutrition and maintenance of tissues as regulated by 

direct innervation.
neutral: 1. The range of sagittal plane spinal positioning in which the 

fi rst principle of physiologic motion of the spine applies. See also physi-
ologic motion of the spine. 2. The point of balance of an articular surface 
from which all the motions physiologic to that articulation may take 
place (Fig. 23).

manual medicine: The skillful use of the hands to diagnose and treat 
structural and functional abnormalities in various tissues and organs 
throughout the body, including bones, joints, muscles and other soft tis-
sues as an integral part of complete medical care. 1. This term originated 
from the German Manuelle Medizin (manual medicine) and has been 
used interchangeably with the term manipulation. 2. This term is not 
identical to manual therapy, which has been used by nonphysician prac-
titioners (e.g., physical therapists).

massage: Therapeutic friction, stroking, and kneading of the body. See 
also osteopathic manipulative treatment, soft tissue treatment.

membranous articular strain: Any cranial somatic dysfunction resulting 
in abnormal dural membrane tensions.

membranous balance: The ideal physiologic state of harmonious equi-
librium in the tension of the dura mater of the brain and spinal cord.

mesenteric lift: See osteopathic manipulative treatment, mesenteric release 
technique.

mesenteric release technique: See osteopathic manipulative treatment, 
mesenteric release technique.

middle transverse axis: See sacral motion axis, middle transverse axis 
(postural).

mid-heel line: A vertical line used as a reference in standing anteropos-
terior (A-P) x-rays and postural evaluation, passing equidistant between 
the heels.

mid-gravitational line: See gravitational line.
mid-malleolar line: A vertical line passing through the lateral malleolus, 

used as a point of reference in standing lateral x-rays and postural evalu-
ation. See also gravitational line.

mirror-image motion asymmetries: A grouping of primary and second-
ary sites of somatic dysfunction describing a three-segment complex 
fundamental to dysfunction in a mobile system. Each adjacent segment, 
above and below the primary locus, demonstrates opposing asymmetries 
to that locus. For example, if the primary locus resists rotation right, the 
segments above and below resist rotation left.

mobile point: In counterstrain, the fi nal position of treatment at which 
tenderness is no longer elicited by palpation of the tender point. mobile 
segment: A term in functional methods to describe a bony structure with 
its articular surfaces and adnexal tissues (neuromuscular and connective) 
for segmental motion which affects movement, stabilizes position and 
allows coordinated participation in passive movement.

mobile system: An osteopathic construct associated with functional 
methods in which the body as a whole is viewed as a centrally integrated 
system in which all of the individual elements (e.g., mobile segments) 
have coordinated and specifi c motion characteristics. See also functional 
methods.

mobile unit: See mobile segment.
models of osteopathic care: Five models that articulate how an osteo-

pathic practitioner seeks to infl uence a patient’s physiological processes.
structural model, the goal of the structural model is biomechanical 

adjustment and the mobilization of joints. This model also seeks to 
address problems in the myofascial connective tissues, as well as in 
the bony and soft tissues, to remove restrictive forces and enhance 
motion. This is accomplished by the use of a wide range of osteo-
pathic manipulative techniques such as high velocity-low amplitude, 
muscle energy, counterstrain, myofascial release, ligamentous articular 
techniques and functional techniques.

respiratory-circulatory model, the goal of the respiratory-circulatory 
model is to improve all of the diaphragm restrictions in the body. 
Diaphragms are considered to be “transverse restrictors” of motion, 
venous and lymphatic drainage and cerebrospinal fl uid. The tech-
niques used in this model are osteopathy in the cranial fi eld, liga-
mentous articular strain, myofascial release and lymphatic pump 
techniques.

metabolic model, the goal of the metabolic model is to enhance the 
selfregulatory and self-healing mechanisms, to foster energy conser-
vation by balancing the body’s energy expenditure and exchange, and 
to enhance immune system function, endocrine function and organ 
function. The osteopathic considerations in this area are not manip-
ulative in nature except for the use of lymphatic pump techniques. 
Nutritional counseling, diet and exercise advice are the most common 
approaches to balancing the body through this model.

Figure 23 Neutral spinal position.
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treatment systems (e.g., Spencer technique combined with muscle 
energy technique). 3. A concept described by Paul Kimberly, DO.

combined treatment, (Archaic). See osteopathic manipulative treat-
ment, combined method.

compression of the fourth ventricle (CV-4), a cranial technique in 
which the lateral angles of the occipital squama are manually approxi-
mated slightly exaggerating the posterior convexity of the occiput and 
taking the cranium into sustained extension.

counterstrain (CS), 1. A system of diagnosis and treatment that con-
siders the dysfunction to be a continuing, inappropriate strain refl ex, 
which is inhibited by applying a position of mild strain in the direction 
exactly opposite to that of the refl ex; this is accomplished by specifi c 
directed positioning about the point of tenderness to achieve the desired 
therapeutic response. 2. Australian and French use: Jones technique, 
(correction spontaneous by position), spontaneous release by position. 
3. Developed by Lawrence Jones, DO in 1955 (originally “Spontane-
ous Release by Positioning,” later termed “strain-counterstrain”).

cranial treatment (CR), See primary respiratory mechanism. See oste-
opathy in the cranial fi eld.

CV-4, abbreviation for compression of the fourth ventricle. See osteo-
pathic manipulative treatment, compression of the fourth ventricle.

Dalrymple treatment, See osteopathic manipulative treatment, pedal 
pump.

direct method (D/DIR), an osteopathic treatment strategy by which 
the restrictive barrier is engaged and a fi nal activating force is applied 
to correct somatic dysfunction.

exaggeration method, an osteopathic treatment strategy by which the 
dysfunctional component is carried away from the restrictive bar-
rier and beyond the range of voluntary motion to a point of palpably 
increased tension.

exaggeration technique, an indirect procedure that involves carrying 
the dysfunctional part away from the restrictive barrier, then applying 
a high velocity/low amplitude force in the same direction.

facilitated oscillatory release technique (FOR), 1. A technique 
intended to normalize neuromuscular function by applying a manual 
oscillatory force, which may be combined with any other ligamentous 
or myofascial technique. 2. A refi nement of a long-standing use of 
oscillatory force in osteopathic diagnosis and treatment as published 
in early osteopathic literature. 3. A technique developed by Zachary 
Comeaux, DO.

facilitated positional release (FPR), a system of indirect myofascial 
release treatment. The component region of the body is placed into 
a neutral position, diminishing tissue and joint tension in all planes, 
and an activating force (compression or torsion) is added. 2. A tech-
nique developed by Stanley Schiowitz, DO.

fascial release treatment, See osteopathic manipulative treatment, myo-
fascial release.

fascial unwinding, a manual technique involving constant feedback to 
the osteopathic practitioner who is passively moving a portion of the 
patient’s body in response to the sensation of movement. Its forces are 
localized using the sensations of ease and bind over wider regions.

functional method, an indirect treatment approach that involves fi nd-
ing the dynamic balance point and one of the following: applying an 
indirect guiding force, holding the position or adding compression 
to exaggerate position and allow for spontaneous readjustment. The 
osteopathic practitioner guides the manipulative procedure while the 
dysfunctional area is being palpated in order to obtain a continuous 
feedback of the physiologic response to induced motion. The osteo-
pathic practitioner guides the dysfunctional part so as to create a 
decreasing sense of tissue resistance (increased compliance).

Galbreath treatment, See osteopathic manipulative treatment, mandibu-
lar drainage.

hepatic pump, rhythmic compression applied over the liver for pur-
poses of increasing blood fl ow through the liver and enhancing bile 
and lymphatic drainage from the liver.

high velocity/low amplitude technique (HVLA), an osteopathic tech-
nique employing a rapid, therapeutic force of brief duration that trav-
els a short distance within the anatomic range of motion of a joint, and 
that engages the restrictive barrier in one or more planes of motion to 
elicit release of restriction. Also known as thrust technique.

NMM-OMM: Osteopathic neuromusculoskeletal medicine certifi ca-
tion is granted by the American Osteopathic Association through the 
American Osteopathic Board of Neuromusculoskeletal Medicine. First 
granted in 1999.

non-neutral: The range of sagittal plane spinal positioning in which the 
second principle of physiologic motion of the spine applies. See also 
extension. See also fl exion. See also physiologic motion of the spine.

normalization: The therapeutic use of anatomic and physiologic mecha-
nisms to facilitate the body’s response toward homeostasis and improved 
health.

NSR: A descriptor of spinal somatic dysfunction used to denote a com-
bination neutral (N), sidebent (S), and rotated (R) vertebral position; 
similar descriptors may involve fl exed (F) and extended (E) position.

nutation: Nodding forward; anterior movement of the sacral base around 
a transverse axis in relation to the ilia.

O

oblique axis: See sacral motion axis, oblique (diagonal).
OMM: See osteopathic manipulative medicine.
OMTh: See osteopathic manipulative therapy.
OMT: See osteopathic manipulative treatment.
ONM: See NMM-OMM.
OP&P: Osteopathic principles and practice. See also osteopathic philoso-

phy. Archaic.
OPP: Osteopathic principles and practice. See also osteopathic philosophy.
os coxae: See innominate.
osteopath: 1. A person who has achieved the nationally recognized aca-

demic and professional standards within her or his country to indepen-
dently practice diagnosis and treatment based upon the principles of 
osteopathic philosophy. Individual countries establish the national aca-
demic and professional standards for osteopaths practicing within their 
countries (International usage). 2. Considered by the American Osteo-
pathic Association to be an archaic term when applied to graduates of 
U.S. schools.

osteopathic lesion (osteopathic lesion complex): Archaic term used to 
describe somatic dysfunction. See somatic dysfunction.

osteopathic manipulative medicine (OMM): The application of osteo-
pathic philosophy, structural diagnosis and use of OMT in the diagnosis 
and management of the patient.

osteopathic manipulative therapy (OMTh): The therapeutic application 
of manually guided forces by an osteopath (nonphysician) to improve 
physiological function and homeostasis that has been altered by somatic 
dysfunction.

osteopathic manipulative treatment (OMT): The therapeutic applica-
tion of manually guided forces by an osteopathic physician (U.S. usage) 
to improve physiologic function and/or support homeostasis that has 
been altered by somatic dysfunction. OMT employs a variety of tech-
niques including:
active method, technique in which the person voluntarily performs an 

osteopathic practitioner-directed motion.
articulatory treatment, (Archaic). See osteopathic manipulative treat-

ment, articulatory treatment system.
articulatory (ART), a low velocity/moderate to high amplitude tech-

nique where a joint is carried through its full motion with the thera-
peutic goal of increased range of movement. The activating force is 
either a repetitive springing motion or repetitive concentric move-
ment of the joint through the restrictive barrier.

balanced ligamentous tension (BLT), 1. According to Sutherland’s 
model, all the joints in the body are balanced ligamentous articular 
mechanisms. The ligaments provide proprioceptive information that 
guides the muscle response for positioning the joint, and the ligaments 
themselves guide the motion of the articular components. (Foun-
dations) 2. First described in “Osteopathic Technique of William 
G. Sutherland,” that was published in the 1949 Year Book of Academy 
of Applied Osteopathy. See also ligamentous articular strain.

Chapman refl ex, See Chapman refl ex. combined method, 1. A treatment 
strategy where the initial movements are indirect; as the technique is 
completed the movements change to direct forces. 2. A manipulative 
sequence involving two or more different osteopathic manipulative 
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used to achieve mobilization of the dysfunctional segment. May be 
combined with springing or thrust technique.

progressive inhibition of neuromuscular structures (PINS), 1. A system 
of diagnosis and treatment in which the osteopathic practitioner locates 
two related points and sequentially applies inhibitory pressure along a 
series of related points. 2. Developed by Dennis Dowling, DO.

range of motion technique, active or passive movement of a body part 
to its physiologic or anatomic limit in any or all planes of motion.

soft tissue (ST), A system of diagnosis and treatment directed toward 
tissues other than skeletal or arthrodial elements.

soft tissue technique, a direct technique that usually involves lateral 
stretching, linear stretching, deep pressure, traction and/or separation 
of muscle origin and insertion while monitoring tissue response and 
motion changes by palpation. Also called myofascial treatment.

Spencer technique, a series of direct manipulative procedures to prevent 
or decrease soft tissue restrictions about the shoulder. See also osteo-
pathic manipulative treatment (OMT), articulatory treatment (ART).

splenic pump technique, rhythmic compression applied over the 
spleen for the purpose of enhancing the patient’s immune response. 
See also osteopathic manipulative treatment (OMT), lymphatic pump.

spontaneous release by positioning, See osteopathic manipulative treat-
ment, counterstrain.

springing technique, a low velocity/moderate amplitude technique 
where the restrictive barrier is engaged repeatedly to produce an 
increased freedom of motion. See also osteopathic manipulative treat-
ment, articulatory treatment system.

Still technique, 1. Characterized as a specifi c, nonrepetitive articula-
tory method that is indirect, then direct. 2. Attributed to A.T. Still. 
3. A term coined by Richard Van Buskirk, DO, PhD.

Strain-Counterstrain, 1. An osteopathic system of diagnosis and 
indirect treatment in which the patient’s somatic dysfunction, diag-
nosed by (an) associated myofascial tenderpoint(s), is treated by using 
a passive position, resulting in spontaneous tissue release and at least 
70% decrease in tenderness. 2. Developed by Lawrence H. Jones, DO, 
in 1955. See osteopathic treatments, counterstrain.

thoracic pump, 1. A technique that consists of intermittent compres-
sion of the thoracic cage. 2. Developed by C. Earl Miller, DO.

thrust technique (HVLA), See osteopathic manipulative treatment, 
high velocity/low amplitude technique (HVLA).

toggle technique, short lever technique using compression and shear-
ing forces.

traction technique, a procedure of high or low amplitude in which 
the parts are stretched or separated along a longitudinal axis with 
continuous or intermittent force.

v-spread, technique using forces transmitted across the diameter of 
the skull to accomplish sutural gapping.

ventral techniques, See osteopathic manipulative treatment, visceral 
manipulation.

visceral manipulation (VIS), a system of diagnosis and treatment 
directed to the viscera to improve physiologic function. Typically, the 
viscera are moved toward their fascial attachments to a point of fascial 
balance. Also called ventral techniques.

osteopathic medicine: The preferred term for a complete system of 
medical care practiced by physicians with an unlimited license that is 
represented by a philosophy that combines the needs of the patient with 
the current practice of medicine, surgery and obstetrics. Emphasizes the 
interrelationship between structure and function, and has an apprecia-
tion of the body’s ability to heal itself.

osteopathic musculoskeletal evaluation: The osteopathic musculoskel-
etal evaluation provides information regarding the health of the patient. 
Utilizing the concepts of body unity, self-regulation and structure-
function interrelationships, the osteopathic physician uses data from the 
musculoskeletal evaluation to assess the patient’s status and develop a 
treatment plan. (AOA House of Delegates)

osteopathic philosophy: a concept of health care supported by expanding 
scientifi c knowledge that embraces the concept of the unity of the living 
organism’s structure (anatomy) and function (physiology). Osteopathic 
philosophy emphasizes the following principles: 1. The human being is a 
dynamic unit of function. 2. The body possesses self-regulatory mechanisms 

Hoover technique, 1. A form of functional method. 2. Developed by 
H.V. Hoover, DO. See also osteopathic manipulative treatment, func-
tional technique.

indirect method (I/IND), a manipulative technique where the restric-
tive barrier is disengaged and the dysfunctional body part is moved 
away from the restrictive barrier until tissue tension is equal in one or 
all planes and directions.

inhibitory pressure technique, the application of steady pressure to 
soft tissues to reduce refl ex activity and produce relaxation.

integrated neuromusculoskeletal release (INR), a treatment system 
in which combined procedures are designed to stretch and refl exly 
release patterned soft tissue and joint-related restrictions. Both direct 
and indirect methods are used interactively.

Jones technique, See osteopathic manipulative treatment, counterstrain.
ligamentous articular strain technique (LAS), 1. A manipulative 

technique in which the goal of treatment is to balance the tension in 
opposing ligaments where there is abnormal tension present. 2. A set of 
myofascial release techniques described by Howard Lippincott, DO, 
and Rebecca Lippincott, DO. 3. Title of reference work by Conrad 
Speece, DO, and William Thomas Crow, DO.

liver pump, See hepatic pump.
lymphatic pump, 1. A term used to describe the impact of intratho-

racic pressure changes on lymphatic fl ow. This was the name origi-
nally given to the thoracic pump technique before the more extensive 
physiologic effects of the technique were recognized. 2. A term coined 
by C. Earl Miller, DO.

mandibular drainage technique, soft tissue manipulative technique 
using passively induced jaw motion to effect increased drainage of 
middle ear structures via the eustachian tube and lymphatics.

mesenteric release technique (mesenteric lift), technique in which 
tension is taken off the attachment of the root of the mesentery to the 
posterior body wall. Simultaneously, the abdominal contents are com-
pressed to enhance venous and lymphatic drainage from the bowel.

muscle energy, a form of osteopathic manipulative diagnosis and treat-
ment in which the patient’s muscles are actively used on request, from 
a precisely controlled position, in a specifi c direction, and against a 
distinctly executed physician counterforce. First described in 1948 by 
Fred Mitchell, Sr, DO.

myofascial release (MFR), a system of diagnosis and treatment fi rst 
described by Andrew Taylor Still and his early students, which engages 
continual palpatory feedback to achieve release of myofascial tissues.

direct MFR, a myofascial tissue restrictive barrier is engaged for the 
myofascial tissues and the tissue is loaded with a constant force until 
tissue release occurs.

indirect MFR, the dysfunctional tissues are guided along the path of 
least resistance until free movement is achieved.

myofascial technique, any technique directed at the muscles and fas-
cia. See also osteopathic manipulative treatment, myofascial release. See 
also osteopathic manipulative treatment, soft tissue technique.

myotension, a system of diagnosis and treatment that uses muscular 
contractions and relaxations under resistance of the osteopathic prac-
titioner to relax, strengthen or stretch muscles, or mobilize joints.

Osteopathy in the Cranial Field (OCF), 1. A system of diagnosis and 
treatment by an osteopathic practitioner using the primary respira-
tory mechanism and balanced membranous tension. See also primary 
respiratory mechanism. 2. Refers to the system of diagnosis and treat-
ment fi rst described by William G. Sutherland, DO. 3. Title of refer-
ence work by Harold Magoun, Sr, DO.

passive method, based on techniques in which the patient refrains 
from voluntary muscle contraction.

pedal pump, a venous and lymphatic drainage technique applied 
through the lower extremities; also called the pedal fascial pump or 
Dalrymple treatment.

percussion vibrator technique, 1. A manipulative technique involving 
the specifi c application of mechanical vibratory force to treat somatic 
dysfunction. 2. An osteopathic manipulative technique developed by 
Robert Fulford, DO.

positional technique, a direct segmental technique in which a combi-
nation of leverage, patient ventilatory movements and a fulcrum are 
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I.  When the thoracic and lumbar spine are in a neutral position (easy 
normal; See neutral Fig. 23), the coupled motions of sidebending 
and rotation for a group of vertebrae are such that sidebending 
and rotation occur in opposite directions (with rotation occurring 
toward the convexity) (Fig. 25). See somatic dysfunction, type I s.d.

II.  When the thoracic and lumbar spine are suffi ciently forward or 
backward bent (non-neutral), the coupled motions of sidebending 
and rotation in a single vertebral unit occur in the same direction 
(Fig. 26). See somatic dysfunction, type II, s.d.

III.  1. Initiating motion of a vertebral segment in any plane of motion 
will modify the movement of that segment in other planes of motion. 
2. Principles I and II of thoracic and lumbar spinal motion described 
by Harrison H. Fryette, DO (1918), Principle III was described by 
C.R. Nelson, DO (1948). See rotation. See also rotation of vertebra.

plane: A fl at surface determined by the position of three points in space. 
Any of a number of imaginary surfaces passing through the body and 
dividing it into segments (Fig. 27).
AP plane, See plane, sagittal plane.

that are self-healing in nature. 3. Structure and function are interrelated 
at all levels. 4. Rational treatment is based on these principles.

osteopathic physician: A person with full unlimited medical practice rights 
who has achieved the nationally recognized academic and professional 
standards within his or her country to practice diagnosis and treatment 
based upon the principles of osteopathic philosophy. Individual coun-
tries establish the national academic and professional standards for 
osteopathic physicians practicing within their countries.

osteopathic postural examination: The part of the osteopathic musculo-
skeletal examination that focuses on the static and dynamic responses of 
the body to gravity while in the erect position.

osteopathic practitioner: Refers to an osteopath, an osteopathic physi-
cian or an allopathic physician who has been trained in osteopathic prin-
ciples, practices and philosophy.

osteopathic structural examination: The examination of a patient by an 
osteopathic practitioner with emphasis on the neuromusculoskeletal 
system including palpatory diagnosis for somatic dysfunction and vis-
cerosomatic change within the context of total patient care. The exami-
nation is concerned with fi nding somatic dysfunction in all parts of the 
body, and is performed with the patient in multiple positions to provide 
static and dynamic evaluation.

osteopathy: Archaic usage. No longer a preferred term in the United 
States. See Osteopathic Medicine.

P

palpation: The application of the fi ngers to the surface of the skin or 
other tissues, using varying amounts of pressure, to selectively determine 
the condition of the parts beneath.

palpatory diagnosis: A term used by osteopathic practitioners to denote 
the process of palpating the patient to evaluate the structure and func-
tion of the neuromusculoskeletal and visceral systems.

palpatory skills: Sensory skills used in performing palpatory diagnosis 
and osteopathic manipulative treatment.

passive method: See osteopathic manipulative treatment, passive method.
passive motion: See motion, passive motion.
patient cooperation: Voluntary movement by the patient (on instruction 

from the osteopathic practitioner) to assist in the palpatory diagnosis 
and treatment process.

pedal pump: See osteopathic manipulative treatment, pedal pump.
pelvic bone: See hip bone.
pelvic declination (pelvic unleveling): Pelvic rotation about an anterior-

posterior (A-P) axis.
pelvic girdle dysfunction: See pelvic somatic dysfunction.
pelvic index (PI): Represents a ratio of the measurements determined 

from postural radiograph: One (y) beginning from a vertical line origi-
nating at the sacral promontory to the intersection with the horizontal 
line from the anteriorsuperior position of the pubic bone. The second 
measurement (x) is along this same horizontal line. Normal values are 
age-related and increase in subjects with sagittal plane postural decom-
pensation. Pelvic index (PI) equals x/y (Fig. 24).

pelvic rotation: Movement of the entire pelvis in a relatively horizontal 
plane about a vertical (longitudinal) axis.

pelvic sideshift: Deviation of the pelvis to the right or left of the central 
vertical axis as translation occurs along the horizontal (z) axis. Usually 
observed in the standing position.

pelvic somatic dysfunctions: a group of somatic dysfunctions involving 
the sacrum and innominates. See sacral somatic dysfunction and innomi-
nate somatic dysfunction.

pelvic tilt: Pelvic rotation about a transverse (horizontal) axis (forward or 
backward tilt) or about an anterior-posterior axis (right or left side tilt).

pelvis: Within the context of structural diagnosis, the pelvis is made up of the 
right and left innominates, (hip bone or os coxae) the sacrum and coccyx.

percussion vibrator technique: See osteopathic manipulative treatment, 
percussion vibrator technique.

pétrissage: Deep kneading or squeezing action to express swelling.
physiologic barrier: See barrier, physiologic barrier.
physiologic motion: See motion, physiologic motion.
physiologic motion of the spine: The three major principles of physi-

ologic motion are:

Figure 24 Pelvic index (PI). (Modifi ed from Kuchera WA, Kuchera 
ML, Osteopathic Principles in Practice, Greyden Press, Columbus, 
OH, 1994:263).

Figure 25 Physiologic motion of the thoracic or lumbar spine 
resulting from a neutral spinal position (Type I motion).
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It usually refers to a prominent vertebral transverse process. See also 
anterior component.

posterior nutation: See counternutation.
post-isometric relaxation: Immediately following an isometric con-

traction, the neuromuscular apparatus is in a refractory state during 
which enhanced passive stretching may be performed. The osteopathic 
practitioner may take up the myofascial slack during the relaxed refrac-
tory period.

postural axis: See sacral motion axis, postural axis.
postural balance: A condition of optimal distribution of body mass in 

relation to gravity.
postural decompensation: Distribution of body mass away from ideal 

when postural homeostatic mechanisms are overwhelmed. It occurs in 
all cardinal planes, but is classifi ed by the major plane(s) affected. See 
planes of the body. (Fig. 27)
coronal plane p. d., causes scoliotic changes.
horizontal plane p. d., may cause postural changes where part or all of 

the body rotates to the right or left. When viewed from the right or 
left sides, alignment appears asymmetrical.

sagittal plane p. d., causes kyphotic and/or lordotic changes.
postural imbalance: A condition in which ideal body mass distribution 

is not achieved.
posture: Position of the body. The distribution of body mass in relation 

to gravity.
primary machinery of life: 1. The neuromusculoskeletal system. A term 

used to denote that body parts act together to transmit and modify force 
and motion through which man acts out his life. This integration is 
achieved via the central nervous system acting in response to continued 
sensory input from the internal and external environment. 2. A term 
coined by I.M. Korr, PhD.

primary respiratory mechanism:
1. A conceptual model that describes a process involving fi ve interactive, 

involuntary functions:
(1) The inherent motility of the brain and spinal cord.
(2) Fluctuation of the cerebrospinal fl uid.
(3) Mobility of the intracranial and intraspinal membranes.
(4) Articular mobility of the cranial bones.
(5)  Mobility of the sacrum between the ilia (pelvic bones) that is inter-

dependent with the motion at the sphenobasilar synchondrosis.
 This mechanism refers to the presumed inherent (primordial) driving 

mechanism of internal respiration as opposed to the cycle of diaphrag-
matic respiration (inhalation and exhalation). It further refers to the 
innate interconnected movement of every tissue and structure of the 
body. Optimal health promotes optimal function and the inherent 
function of this interdependent movement can be negatively altered by 
trauma, disease states or other pathology.

2. This mechanism was fi rst described by William G. Sutherland, DO, in 
1939 in his self-published volume, “The Cranial Bowl.” The mecha-
nism is thought to affect cellular respiration and other body processes. 
In the original defi nition, the following descriptions were given:

primary, because it is directly concerned with the internal tissue respi-
ration of the central nervous system.

respiratory, because it further concerns the physiological function of the 
interchange of fl uids necessary for normal metabolism and biochemis-
try, not only of the central nervous system, but also of all body cells.

mechanism, because all the constituent parts work together as a unit 
carrying out this fundamental physiology. See also osteopathic manip-
ulative treatment (OMT), osteopathy in the cranial fi eld.

prime mover: A muscle primarily responsible for causing a specifi c joint 
action.

progressive inhibition of neuromuscular structures (PINS): See osteopathic 
manipulative treatment, Progressive Inhibition of Neuromuscular Structures.

prolotherapy: See sclerotherapy.
pronation: In relation to the anatomical position, as applied to the hand, 

rotation of the forearm in such a way that the palmar surface turns 
backward (internal rotation) in relationship to the anatomical position. 
Applied to the foot: a combination of eversion and abduction move-
ments taking place in the tarsal and metatarsal joints, resulting in lower-
ing of the medial margin of the foot. See also supination.

coronal plane (frontal plane), a plane passing longitudinally through 
the body from one side to the other, and dividing the body into ante-
rior and posterior portions.

frontal plane, See plane, coronal plane.
horizontal plane, See plane, transverse plane.
sagittal plane, a plane passing longitudinally through the body from 

front to back and dividing it into right and left portions. The median 
or midsagittal plane divides the body into approximately equal right 
and left portions.

transverse plane (horizontal plane), a plane passing horizontally 
through the body perpendicular to the sagittal and frontal planes, 
dividing the body into upper and lower portions.

plastic deformation: A nonrecoverable deformation. See also elastic 
deformation.

plasticity: Ability to retain a shape attained by deformation. See also 
elasticity. See also viscosity.

positional technique: See osteopathic manipulative treatment, positional 
technique.

posterior component: A positional descriptor used to identify the side 
of reference when rotation of a vertebral segment has occurred. In a 
condition of right rotation, the right side is the posterior component. 

Figure 26 Physiologic motion of the thoracic or lumbar spine 
resulting from a non-neutral spinal position (Type II motion).

Figure 27 Planes of the body.
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pubic symphysis, somatic dysfunctions of: See pubic bone, somatic dysfunc-
tions of.

pump handle rib motion: See rib motion, pump handle motion.

R

range of motion technique: See osteopathic manipulative treatment, range 
of motion technique.

reciprocal inhibition: The inhibition of antagonist muscles when the 
agonist is stimulated. See also laws, Sherrington’s.

reciprocal tension membrane: The intracranial and spinal dural mem-
brane including the falx cerebri, falx cerebelli, tentorium and spinal dura.

red refl ex: See refl ex, red r.
refl ex: An involuntary nervous system response to a sensory input. 

The sum total of any particular involuntary activity. See also Chapman 
refl exes.
cephalogyric refl ex, See oculocephalogyric r.
cervicolumbar r., automatic contraction of the lumbar paravertebral 

muscles in response to contraction of postural muscles in the neck.
conditioned r., one that does not occur naturally in the organism or 

system, but that is developed by regular association of some physi-
ological function with a related outside event.

myotatic r., tonic contraction of the muscles in response to a stretching 
force, due to stimulation of muscle receptors (e.g., deep tendon refl ex).

oculocephalogyric r., (oculogyric refl ex, cephalogyric refl ex), auto-
matic movement of the head that leads or accompanies movement 
of the eyes.

oculogyric r., See oculocephalogyric r.
red r., 1. The erythematous biochemical reaction (reactive hyperemia) 

of the skin in an area that has been stimulated mechanically by fric-
tion. The refl ex is greater in degree and duration in an area of acute 
somatic dysfunction as compared to an area of chronic somatic dys-
function. It is a refl ection of the segmentally related sympathicotonia 
commonly observed in the paraspinal area. 2. A red glow refl ected 
from the fundus of the eye when a light is cast upon the retina.

somatosomatic r., localized somatic stimuli producing patterns of 
refl ex response in segmentally related somatic structures.

somatovisceral r., localized somatic stimulation producing patterns of 
refl ex response in segmentally related visceral structures.

viscerosomatic r., localized visceral stimuli producing patterns of refl ex 
response in segmentally related somatic structures.

viscerovisceral r., localized visceral stimuli producing patterns of refl ex 
response in segmentally related visceral structures.

regenerative injection therapy (RIT): See sclerotherapy. region: 1. An 
anatomical division of the body defi ned either by natural, functional 
or arbitrary boundaries. 2. Body areas for the diagnosis and coding of 
somatic dysfunction as defi ned in the International Classifi cation of 
Diseases (currently ICD-9 CM) using the codes:
739.0 somatic dysfunction, head
739.1 somatic dysfunction, cervical
739.2 somatic dysfunction, thoracic
739.3 somatic dysfunction, lumbar
739.4 somatic dysfunction, sacrum
739.5 somatic dysfunction, pelvis
739.6 somatic dysfunction, lower extremity
739.7 somatic dysfunction, upper extremity
739.8 somatic dysfunction, rib cage
739.9 somatic dysfunction, abdomen/other
See also transitional region.

prone: Lying face downward (Dorland’s).
psoas syndrome: A painful low back condition characterized by hyperto-

nicity of psoas musculature. The syndrome consists of a constellation of 
typically related signs and symptoms:
typical posture, fl exion at the hip and sidebending of the lumbar spine 

to the side of the most hypertonic psoas muscle.
typical gait, Trendelenburg gait.
typical pain pattern, low back pain frequently accompanied by pain 

on the lateral aspect of the lower extremity extending no lower than 
the knee.

typical associated somatic dysfunctions, as a long restrictor muscle, 
psoas hypertonicity is frequently associated with fl exed dysfunctions 
of the upper lumbars, extended dysfunction of L5, and variable sacral 
and innominate dysfunctions. Tender points typically are found in the 
ipsilateral iliacus and contralateral piriformis muscles.

pubic bone, somatic dysfunctions of:
anterior pubic shear, a somatic dysfunction in which one pubic bone is 

displaced anteriorly with relation to its normal mate.
inferior pubic shear, a somatic dysfunction in which one pubic bone is 

displaced inferiorly with relation to its normal mate (Fig. 28).
posterior pubic shear, a somatic dysfunction in which one pubic bone 

is displaced posteriorly with relation to its normal mate.
pubic abduction, See pubic gapping.
pubic adduction, See pubic compression.
pubic compression (pubic adduction), a somatic dysfunction in which 

the pubic bones are forced toward each other at the pubic symphy-
sis. This dysfunction is characterized by tenderness to palpation over 
the pubic symphysis, lack of apparent asymmetry, but associated with 
restricted motion of the pelvic ring (Fig. 29).

pubic gapping (pubic abduction), a somatic dysfunction in which the 
pubic bones are pulled away from each other at the pubic symphysis. This 
dysfunction is frequently seen in women following childbirth (Fig. 30).

superior pubic shear, a somatic dysfunction in which one pubic bone 
is displaced superiorly with relation to its normal mate (Fig. 31).

Figure 28 Right inferior pubic shear.

Figure 29 Pubic compression.

Figure 30 Pubic gapping (pubic abduction).

Figure 31 Right superior pubic shear.
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pump handle motion, movement of the ribs during respiration such 
that with inhalation the anterior aspect of the rib moves cephalad 
and causes an increase in the anteroposterior diameter of the thorax. 
This type of rib motion is found predominantly in the upper ribs, 
decreasing in motion from the upper to the lower ribs (Fig. 34). See 
rib motion, axis of. See also rib motion, bucket handle motion.

transverse rib axis, (Fig. 35) See rib motion, pump handle rib motion 
inhalation. See also rib motion, inhalation rib restriction. See also rib 
motion, exhalation rib restriction.

rib somatic dysfunction: A somatic dysfunction in which movement or 
position of one or several ribs is altered or disrupted. For example, an ele-
vated rib is one held in a position of inhalation such that motion toward 
inhalation is freer, and motion toward exhalation is restricted. A depressed 
rib is one held in a position of exhalation such that motion toward exha-
lation is freer and there is a restriction in inhalation. See also rib motion, 
inhalation rib restriction. See also rib motion, exhalation rib restriction.
exhalation rib dysfunction, 1. Somatic dysfunction characterized by 

a rib being held in a position of exhalation such that motion toward 
exhalation is more free and motion toward inhalation is restricted. 
Synonyms: inhalation rib restriction depressed rib. 2. An anterior 
rib tender point in counterstrain. See also rib motion, inhalation rib 
restriction.

inhalation rib dysfunction, a somatic dysfunction characterized by a 
rib being held in a position of inhalation such that motion toward 
inhalation is more free and motion toward exhalation is restricted. 
Synonyms: inhaled rib, anterior rib, elevated rib.

ropiness: A tissue texture abnormality characterized by a cord-like feel-
ing. See also tissue texture abnormality.

rotation: Motion about an axis.
rotation dysfunction of the sacrum, See sacrum, somatic dysfunctions of.
rotation of sacrum, movement of the sacrum about a vertical (y) axis 

(usually in relation to the innominate bones).

regional extension: See extension, regional extension.
regional motor inputs: Motion initiated by an osteopathic practitioner 

through body contact and vector input that produces a specifi c response 
at each segment in the mobile system.

resilience: Property of returning to the former shape or size after 
mechanical distortion. See also elasticity. See also plasticity.

respiratory axis of the sacrum: See sacral motion axis, superior transverse axis.
respiratory cooperation: An osteopathic practitioner-directed inhalation 

and/or exhalation by the patient to assist the manipulative treatment 
process.

restriction: A resistance or impediment to movement. For joint restric-
tion, See barrier (motion barrier). NB: This term is part of the TART acro-
nym for an osteopathic somatic dysfunction.

retrolisthesis: Posterior displacement of one vertebra relative to the one 
immediately below.

rib lesion: (Archaic) See rib somatic dysfunction.
rib motion:

axis of rib motion, an imaginary line through the costotransverse and 
the costovertebral articulations of the rib.

anteroposterior rib axis, (Fig. 32) See also bucket handle rib motion.
bucket handle motion, movement of the ribs during respiration such 

that with inhalation, the lateral aspect of the rib moves cephalad 
resulting in an increase of transverse diameter of the thorax. This 
type of rib motion is predominantly found in lower ribs, increasing in 
motion from the upper to the lower ribs (Fig. 33). See also rib motion, 
axis of. See also rib motion, pump handle.

caliper rib motion, rib motion of ribs 11 and 12 characterized by sin-
gle joint motion; analogous to internal and external rotation.

exhalation rib restriction, involves a rib or group of ribs that fi rst stops 
moving during exhalation. The key rib is the bottom rib in the group. 
See also rib somatic dysfunction, inhalation rib dysfunction.

inhalation rib restriction, involves a rib or group of ribs that fi rst stops 
moving during inhalation. The key rib is the top rib in the group. See 
also rib somatic dysfunction, exhalation rib dysfunction.

Figure 32 The functional anterior-posterior rib axis.

Figure 33 Bucket handle rib motion.

Figure 34 Pump handle rib motion.

Figure 35 The functional transverse rib axis.
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longitudinal axis, the hypothetical axis formed at the line of intersec-
tion of the midsagittal plane and a coronal plane, See sacral motion 
axis, vertical (y) axis longitudinal (Fig. 38).

middle transverse axis (postural), 1. The hypothetical functional axis 
of sacral nutation/counternutation in the standing position, passing 
horizontally through the anterior aspect of the sacrum at the level of 
the second sacral segment. 2. A term described by Fred Mitchell, Sr, 
DO (Fig. 37).

oblique axis (diagonal), 1. a hypothetical functional axis from the supe-
rior area of a sacroiliac articulation to the contralateral inferior sacroiliac 
articulation. It is designated as right or left relevant to its superior point 
of origin. 2. A term described by Fred Mitchell, Sr, DO (Fig. 38).

postural axis, See sacrum, middle transverse axis (postural) (Fig. 37).
respiratory axis, See sacrum, superior transverse axis (respiratory) (Fig. 37).
superior transverse axis (respiratory), 1. The hypothetical transverse 

axis about which the sacrum moves during the respiratory cycle. It 
passes from side to side through the articular processes posterior to 
the point of attachment of the dura at the level of the second sacral 
segment. Involuntary sacral motion occurs as part of the craniosacral 
mechanism, and is believed to occur about this axis. 2. A term 
described by Fred Mitchell, Sr, DO (Fig. 37).

transverse (z) axes, axes formed by intersection of the coronal and trans-
verse planes about which nutation/counternutation occurs (Fig. 37).

vertical (y) axis (longitudinal), the axis formed by the intersection of 
the sagittal and coronal planes (Fig. 38).

sacral somatic dysfunction: See sacrum, somatic dysfunctions of.
sacral sulcus: A depression just medial to the posterior superior iliac 

spine (PSIS) as a result of the spatial relationship of the PSIS to the 
dorsal aspect of the sacrum (Figs. 39 and 40).

sacral torsion: 1. A physiologic function occurring in the sacrum dur-
ing ambulation and forward bending. 2. A sacral somatic dysfunction 
around an oblique axis in which a torque occurs between the sacrum and 

rotation of vertebra, movement about the anatomical vertical axis 
(y axis) of a vertebra; named by the motion of a midpoint on the 
anterior-superior surface of the vertebral body (Fig. 36).

rule of threes: A method to locate the approximate position of the 
transverse process (TP) of a thoracic segment by using the location of 
the spinous process (SP) of that same vertebra. The relationship is as 
follows:
T1 to T3,  TP is at the same level as tip of the SP
T4 to T6,  TP is one half vertebral level above the tip of the SP
T7 to T9,  TP is one full vertebral level above the tip of the SP
T10,    TP is one full vertebral level above the tip of the SP
T11,    TP is one half vertebral level above the tip of the SP
T12,    TP is at the same level as tip of the SP.

S

sacral base: 1. In osteopathic palpation, the uppermost posterior portion 
of the sacrum. 2. The most cephalad portion of the fi rst sacral segment 
(Gray’s Anatomy).

sacral base anterior: See sacrum, somatic dysfunctions of, bilateral sacral fl exion.
sacral base declination (unleveling): With the patient in a standing or 

seated position, any deviation of the sacral base from the horizontal in a 
coronal plane. Generally, the rotation of the sacrum about an anterior-
posterior axis.

sacral base posterior: See sacrum, somatic dysfunctions of, bilateral sacral 
fl exion.

sacral base unleveling: See sacral base declination.
sacralization: See transitional vertebrae, sacralization.
sacral movement axis: Any of the hypothetical axes for motion of the 

sacrum (Figs. 37 and 38).
anterior-posterior (x) axis, axis formed at the line of intersection of a 

sagittal and transverse plane.
inferior transverse axis (innominate), 1. The hypothetical functional 

axis of sacral motion that passes from side to side on a line through 
the inferior auricular surface of the sacrum and ilia, and represents the 
axis for movement of the ilia on the sacrum. 2. A term described by 
Fred Mitchell, Sr, DO (Fig. 37).

Figure 36 Rotation of a vertebra (lumbar).

Figure 37 Sacral transverse axes (lateral view).

Figure 38 Axes of sacral motion (posterior view).

Figure 39 Anatomical sacral divisions.
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bilateral sacral fl exion (sacral base anterior), 1. A sacral somatic dys-
function that involves rotation of the sacrum about a middle trans-
verse axis such that the sacral base has moved anteriorly between the 
pelvic bones. Forward movement of the sacral base is freer, backward 
movement is restricted and both sulci are deep. 2. The reverse of bilat-
eral sacral extension (Fig 44).

forward torsions, 1. Forward torsion is a physiologic rotation of the 
sacrum around an oblique axis such that the side of the sacral base 
contralateral to the named axis glides anteriorly and produces a deep 
sulcus. L5 rotates in the direction opposite to the rotation of the sacral 
base. 2. Referred to as neutral sacral somatic dysfunctions (Archaic 
use). 3. A group of somatic dysfunctions described by Fred Mitchell, 
Sr, DO, based on the motion cycle of walking.

left on left (forward) sacral torsion, refers to left rotation torsion 
around a left oblique axis (Fig. 45). See also sacral torsion.

left on right (backward) sacral torsion, refers to left rotation around a 
right oblique axis. Findings: The left superior sacral sulcus is posterior 
or shallow, and the right ILA is anterior or deep. There is a positive 

innominates. The L5 vertebra rotates in the opposite direction of the 
sacrum. 3. If the L5 does not rotate opposite to the sacrum, L5 is termed 
maladapted. 4. Other terms for this maladaption include: rotations about 
an oblique axis, anterior or posterior sacrum and a torsion with a non-
compensated L5 (Archaic use). See also sacrum, somatic dysfunctions of.

sacroiliac motion: Motion of the sacrum in relationship to the 
innominate(s) (ilium/ilia).

sacrum, inferior lateral angle (ILA) of: The point on the lateral surface 
of the sacrum where it curves medially to the body of the fi fth sacral 
vertebrae (Gray’s Anatomy) (Figs. 39 and 40).

sacrum, somatic dysfunctions of: Any of a group of somatic dysfunctions 
involving the sacrum. These may be the result of restriction of normal 
physiologic motion or trauma to the sacrum. See also TART.
anterior sacrum, a positional term based on the Strachan model refer-

ring to sacral somatic dysfunction in which the sacral base has rotated 
anterior and sidebent to the side opposite the rotation. The upper 
limb (pole) of the SI joint has restricted motion and is named for the 
side on which forward rotation had occurred. Tissue texture changes 
are found at the deep sulcus. (The motion characteristics of L5 are 
not described.) (Fig. 41).

anterior translated sacrum, a sacral somatic dysfunction in which the 
entire sacrum has moved anteriorly (forward) between the ilia. Ante-
rior motion is freer, and the posterior motion is restricted (Fig. 42).

backward torsions, 1. A backward sacral torsion is a physiologic rota-
tion of the sacrum around an oblique axis such that the side of the 
sacral base contralateral to the named axis rotates posteriorly. L5 
rotates in the direction opposite to the rotation of the sacral base. 2. 
Referred to as non-neutral sacral somatic dysfunctions (Archaic use). 
3. A term by Fred Mitchell, Sr, DO, that describes the backward tor-
sion as being nonphysiologic in terms of the walking cycle.

bilateral sacral extension (sacral base posterior), 1. A sacral somatic 
dysfunction that involves rotation of the sacrum about a middle 
transverse axis such that the sacral base has moved posteriorly relative 
to the pelvic bones. Backward movement of the sacral base is freer, 
forward movement is restricted and both sulci are shallow. 2. The 
reverse of bilateral sacral fl exion (Fig. 43).

Figure 40 Clinical sacral divisions: sacral sulcus at the base, and 
inferior lateral angles (ILA).

Figure 41 Anterior sacrum left. Motion of L5 is not described. 
There is tissue texture change (t) over the left sacral base. The supe-
rior pole of the left sacroiliac joint is affected and the left sacral base 
will not move posteriorly when an anterior test pressure is applied 
over the right lower sacrum.

Figure 42 Anterior translated sacrum.

Figure 43 Bilateral sacral extension. (Sacral base posterior)

Figure 44 Bilateral sacral fl exion. (Sacral base anterior)
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Posterior motion is freer, and anterior motion is restricted (Fig. 49). 
Right on right (forward) torsion, refers to a right rotation about a 
right oblique axis (Fig. 50). See sacral torsion.

rotated dysfunction of the sacrum, a sacral somatic dysfunction in 
which the sacrum has rotated about an axis approximating the lon-
gitudinal (y) axis. Motion is freer in the direction that rotation has 
occurred, and is restricted in the opposite direction (Fig. 51).

sacral shear, a complex translational motion of the sacrum in its rela-
tionship to the innominates. (Sometimes described as a sidebending 
in one direction and rotation in the opposite direction. Alternatively 
described as a unilateral movement along the arc of the L-shaped 
curve of the sacroiliac joint.) See also sacrum, somatic dysfunctions of, 
unilateral sacral fl exion and sacrum, somatic dysfunctions of, unilateral 
sacral extension.

seated fl exion test on the left. L5 is non-neutral SRRR. Left superior 
sacral sulcus will be restricted when springing. The lumbosacral spring 
test is positive, and the sphinx test is positive (Fig. 46). See sacral torsion.

posterior sacrum, a positional term based on the Strachan model refer-
ring to a sacral somatic dysfunction in which the sacral base has rotated 
posterior and sidebent to the side opposite to the rotation. The dysfunc-
tion is named for the side on which the posterior rotation occurs. The 
tissue texture changes are found at the lower pole on the side of rotation 
(Foundations). (The motion characteristics of L5 are not described.) 
(Fig. 47). right on left (backward) sacral torsion, refers to right rotation 
on a left oblique axis. Findings: The right superior sacral sulcus is pos-
terior or shallow, and the left ILA is anterior or deep. The seated fl exion 
test is positive on the right. L5 is nonneutral SLRL. The right superior 
sacral sulcus is restricted when springing. The lumbosacral spring test is 
positive. The sphinx test is positive (Fig. 48). See sacral torsion.

posterior translated sacrum, a sacral somatic dysfunction in which 
the entire sacrum has moved posteriorly (backward) between the ilia. 

Figure 45 Left on left sacral torsion. (Left on left forward torsion)

Figure 46 Left on right sacral torsion. (Left on right backward 
torsion)

Figure 47 Posterior sacrum right. Motion of L5 is not described. 
There is tissue texture change (t) over the right sacroiliac joint (SI). 
The inferior pole of the right SI joint is affected. During motion test-
ing, there is resistance to an anterior/superior test pressure applied 
over the right lower sacrum.

Figure 48 Right on left backward torsion. (Right on left sacral 
torsion)

Figure 49 Posterior translated sacrum.

Figure 50 Right on right forward torsion.
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somite and migrating toward the notochord. Sclerotomal cells from 
adjacent somites become merged in intersomatically located masses that 
are the primordia of the centra of the vertebrae (Fig. 54).

sclerotomal pain: Deep, dull achy pain associated with tissues derived 
from a common sclerotome (Fig. 54).

scoliosis: 1. Pathological or functional lateral curvature of the spine. 2. 
An appreciable lateral deviation in the normally straight vertical line of 
the spine (Dorland’s) (Fig. 55).

screen: The initial general somatic examination to determine signs of 
somatic dysfunction in various regions of the body. See also scan.

secondary joint motion: Involuntary or passive motion of a joint. Also 
called accessory joint motion. segment: 1. A portion of a larger body or 
structure set off by natural or arbitrarily established boundaries, often 
equated with spinal segment. 2. To describe a single vertebrae or a verte-
bral segment corresponding to the sites of origin of rootlets of individual 
spinal nerves. 3. A portion of the spinal cord segmental diagnosis: The 
fi nal stage of the spinal somatic examination in which the nature of the 
somatic problem is detailed at a segmental level. See also scan. See also 
screen.

segmental dysfunction: Dysfunction in a mobile system located at 
explicit segmental mobile units. Palpable characteristics of a dysfunc-
tional segment are those associated with somatic dysfunction. (See also 
STAR, TART and ART) Responses to regional motor inputs at the dys-
functional segment support the concepts of complete motor asymmetry 
and mirrorimage motion asymmetries.

segmental mobile unit: A unit of the human movement system con-
sisting of a bone, with articular surfaces for movement, as well as the 
adnexal tissues that create movement, allow movement and establish 
position under motor control.

segmental motion: Movement within a vertebral unit described by dis-
placement of a point at the anterior-superior aspect of the superior ver-
tebral body with respect to the segment below.

sensitization: Hypothetically, a shortlived (minutes or hours) increase in 
central nervous system (CNS) response to repeated sensory stimulation 
that generally follows habituation.

shear: An action or force causing or tending to cause two contiguous 
parts of an articulation to slide relative to each other in a direction paral-
lel to their plane of contact. See also pubic bone, somatic dysfunctions of. 
See also innominates, somatic dysfunctions of, inferior innominate shear. See 
also innominates, somatic dysfunction of, superior innominate shear. See also 
sacrum, somatic dysfunctions of, sacral shear.

Sherrington law: See law, Sherrington.
sidebending: Movement in a coronal (frontal) plane about an anteri-

orposterior (x) axis. Also called lateral fl exion, laterofl exion, or fl exion 
right (or left).

sidebent: The position of any one or several vertebral bodies after side-
bending has occurred (Fig. 56). See also sidebending.

skin drag: Sense of resistance to light traction applied to the skin. Related 
to the degree of moisture and degree of sympathetic nervous system 
activity.

soft tissue (ST): See osteopathic manipulative treatment, soft tissue.
soft tissue technique: See osteopathic manipulative treatment, soft tissue 

technique.
somatic dysfunction: Impaired or altered function of related components 

of the somatic (body framework) system: skeletal, arthrodial and myo-
fascial structures, and their related vascular, lymphatic, and neural ele-
ments. Somatic dysfunction is treatable using osteopathic manipulative 
treatment. The positional and motion aspects of somatic dysfunction are 
best described using at least one of three parameters: 1). The position 
of a body part as determined by palpation and referenced to its adjacent 
defi ned structure, 2). The directions in which motion is freer, and 3). 
The directions in which motion is restricted. See also TART. See also 
STAR.
acute s. d., immediate or short-term impairment or altered function of 

related components of the somatic (body framework) system. Char-
acterized in early stages by vasodilation, edema, tenderness, pain and 
tissue contraction. Diagnosed by history and palpatory assessment of 
tenderness, asymmetry of motion and relative position, restriction of 
motion and tissue texture change (TART). See also TART.

unilateral sacral extension, a sacral somatic dysfunction described as a 
superior shear of one side of the sacrum resulting in a shallow (full) 
sacral sulcus and ipsilateral superior-anterior inferolateral angle of the 
sacrum (Fig. 52). See sacrum, somatic dysfunctions of, sacral shear.

unilateral sacral fl exion, a sacral somatic dysfunction described as an 
inferior shear of one side of the sacrum resulting in a deep sacral sul-
cus and ipsilateral inferior-posterior inferolateral angle of the sacrum 
(Fig. 53). See sacrum, somatic dysfunctions of, sacral shear.

sagittal plane: See plane, sagittal plane.
scan: An intermediate detailed examination of specifi c body regions that 

have been identifi ed by fi ndings emerging from the initial examination.
scaphocephaly: Also called scaphoid head or hatchet head, it is a trans-

verse compression of the cranium with a resultant mid-sagittal ridge.
scaphoid head: See also scaphocephaly.
sclerotherapy: 1. Treatment involving injection of a proliferant solution 

at the osseous-ligamentous junction. 2. Treatment involving injection of 
irritating substances into weakened connective tissue areas such as fascia, 
varicose veins, hemorrhoids, esophageal varices, or weakened ligaments. 
The intended body’s response to the irritant is fi brous proliferation with 
shortening/strengthening of the tissues injected.

sclerotome: 1. The pattern of innervation of structures derived from 
embryonal mesenchyme (joint capsule, ligament and bone). 2. The area 
of bone innervated by a single spinal segment. 3. The group of mes-
enchymal cells emerging from the ventromedial part of a mesodermal 

Figure 51 Right rotated dysfunction of the sacrum. (Right rotation 
about a vertical axis)

Figure 52 Right unilateral sacral extension. (Right superior sacral 
shear)

Figure 53 Right unilateral sacral fl exion. (Right inferior sacral 
shear)
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linkage, dysfunctional segmental behavior where a single vertebra and 
an adjacent rib respond to the same regional motion tests with identi-
cal asymmetric behaviors (rather than opposing behaviors). This sug-
gests visceral refl ex inputs.

primary s. d., 1. The somatic dysfunction that maintains a total pat-
tern of dysfunction. See also key lesion. 2. The initial or fi rst somatic 
dysfunction to appear temporally.

secondary s. d., somatic dysfunction arising either from mechanical 
or neurophysiologic response subsequent to or as a consequence of 
other etiologies.

type I s. d., a group curve of thoracic and/or lumbar vertebrae in which 
the freedoms of motion are in neutral with sidebending and rotation 

chronic s. d., impairment or altered function of related components of 
the somatic (body framework) system. It is characterized by tender-
ness, itching, fi brosis, paresthesias and tissue contraction. Identifi ed 
by TART. See also TART.

Figure 54 Anterior and posterior sclerotomal innervations. (Modifi ed from Foundations for Osteopathic Medi-
cine, Ward RC—Ed., Williams & Wilkins; 1997:644).

Figure 55 Scoliosis. Figure 56 Sidebent.
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in opposite directions with maximum rotation at the apex (rotation 
occurs toward the convexity of the curve) based upon the Principles 
of Fryette.

type II s. d., thoracic or lumbar somatic dysfunction of a single verte-
bral unit in which the vertebra is signifi cantly fl exed or extended with 
sidebending and rotation in the same direction (rotation occurs into 
the concavity of the curve) based upon the Principles of Fryette.

somatogenic: That which is produced by activity, reaction and change 
originating in the musculoskeletal system.

somatosomatic refl ex: See refl ex, somatosomatic r.
somatovisceral refl ex: See refl ex, somatovisceral r.
spasm: (compare with hypertonicity) a sudden, violent, involuntary contrac-

tion of a muscle or group of muscles, attended by pain and interference with 
function, producing involuntary movement and distortion (Dorland’s).

Spencer technique: See osteopathic manipulative treatment, Spencer technique.
sphenobasilar synchondrosis (symphysis), somatic dysfunctions of: Any 

of a group of somatic dysfunctions involving primarily the inter-rela-
tionship between the basilar portion of the sphenoid (basisphenoid) and 
the basilar portion of the occiput (basiocciput). The abbreviation, SBS, 
is often used in reporting the following somatic dysfunctions:
SBS compression, somatic dysfunction in which the basisphenoid and 

basiocciput are held forced together signifi cantly limiting SBS motion.
SBS extension, sphenoid and occiput have rotated in opposite direc-

tions around parallel transverse axes; the basiocciput and basisphe-
noid are both inferior in SBS extension with a decrease in the dorsal 
convexity between these two bones (Fig. 57).

SBS fl exion, sphenoid and occiput have rotated in opposite directions 
around parallel transverse axes; the basiocciput and basisphenoid are 
both superior in SBS extension with an increase in the dorsal convex-
ity between these two bones (Fig. 58). lateral strain, sphenoid and 
occiput have rotated in the same direction around parallel vertical 
axes. Lateral strains of the SBS are named for the position of the 
basisphenoid, right or left (Fig. 59).

sidebending-rotation, sphenoid and occiput have rotated in opposite 
directions around parallel vertical axes and rotate in the same direc-
tion around an A-P axis. SBS sidebending-rotations are named for 
the convexity, right or left (Fig. 60).

torsion, sphenoid and occiput have rotated in opposite directions 
around an anterior-posterior (A-P) axis. SBS torsions are named for 
the high greater wing of the sphenoid, right or left (Fig. 61).

vertical strain, sphenoid and occiput have rotated in the same direction 
around parallel transverse axes. Vertical strains of the SBS are named 
for the position of the basisphenoid, superior or inferior (Fig. 62).

Figure 57 Extension (SBS).

Figure 58 Flexion (SBS).

Figure 59 Right lateral strain (SBS).

Figure 60 Left sidebending/rotation (SBS).

Figure 61 Right torsion (SBS).

Figure 62 Superior vertical strain (SBS).

Chila_Glossary.indd   1108Chila_Glossary.indd   1108 8/4/2010   8:19:56 PM8/4/2010   8:19:56 PM



 GLOSSARY 1109

spinal facilitation: 1. The maintenance of a pool of neurons (e.g., premo-
tor neurons, motor neurons or preganglionic sympathetic neurons in one 
or more segments of the spinal cord) in a state of partial or subthreshold 
excitation; in this state, less afferent stimulation is required to trigger 
the discharge of impulses. 2. A theory regarding the neurophysiological 
mechanisms underlying the neuronal activity associated with somatic 
dysfunction. 3. Facilitation may be due to sustained increase in afferent 
input, aberrant patterns of afferent input, or changes within the affected 
neurons themselves or their chemical environment. Once established, 
facilitation can be sustained by normal central nervous system (CNS) 
activity.

splenic pump technique: See osteopathic manipulative treatment, splenic 
pump technique.

spontaneous release by positioning: See osteopathic manipulative treat-
ment, counterstrain.

sprain: Stretching injuries of ligamentous tissue (compare with strain). 
First degree: microtrauma; second degree: partial tear; third degree: 
complete disruption. springing technique: See osteopathic manipulative 
treatment, springing technique. See also osteopathic manipulative treat-
ment, articulatory treatment system.

sphinx test: See backward bending test.
spring test: 1. A test used to differentiate between backward or forward 

sacral torsions/rotations. 2. A test used to differentiate bilateral sacral 
extension and bilateral sacral fl exion. 3. A test used to differentiate uni-
lateral sacral extension and unilateral sacral fl exion.

S.T.A.R.: A mnemonic for four diagnostic criteria of somatic dysfunc-
tion: sensitivity changes, tissue texture abnormality, asymmetry and 
alteration of the quality and quantity of range of motion.

static contraction: See contraction, isometric contraction.
Still, MD, DO: Andrew Taylor. Founder of osteopathy; 1828–1917. 

First announced the tenets of osteopathy on June 22, 1874, established 
the American School of Osteopathy in 1892 at Kirksville, MO.

still point: 1. A term used to identify and describe the temporary ces-
sation of the rhythmic motion of the primary respiratory mechanism. 
It may occur during osteopathic manipulative treatment when a point 
of balanced membranous or ligamentous tension is achieved. 2. A term 
used by William G. Sutherland, DO.

Still Technique: See osteopathic manipulative treatment, Still Technique.
strain: 1. Stretching injuries of muscle tissue. 2. Distortion with defor-

mation of tissue. See also ligamentous strain.
Strachan model: See sacrum, somatic dysfunctions of, anterior sacrum. See 

sacrum, somatic dysfunctions of, posterior sacrum.
Strain-Counterstrain: See osteopathic manipulative treatment, counter-

strain.
stretching: Separation of the origin and insertion of a muscle and/or 

attachments of fascia and ligaments.
stringiness: A palpable tissue texture abnormality characterized by fi ne 

or stringlike myofascial structures.
structural examination: See osteopathic structural examination. sublux-

ation: 1. A partial or incomplete dislocation. 2. A term describing an 
abnormal anatomical position of a joint which exceeds the normal phys-
iologic limit, but does not exceed the joint’s anatomical limit.

superior (upslipped) innominate: See innominate, somatic dysfunctions of, 
superior innominate shear.

superior pubic shear: See pubic bone, somatic dysfunctions of. See also 
symphyseal shear (Fig. 31).

superior transverse axis: See sacral motion axis, superior transverse axis 
(respiratory) and (z) axis.

supination: 1. Beginning in anatomical position, applied to the hand, the 
act of turning the palm forward (anteriorly) or upward, performed by 
lateral external rotation of the forearm. 2. Applied to the foot, it gener-
ally applies to movements (adduction and inversion) resulting in rais-
ing of the medial margin of the foot, hence of the longitudinal arch. A 
compound motion of plantar fl exion, adduction and inversion. See also 
pronation.

supine: Lying with the face upward (Dorland’s).
symmetry: The similar arrangement in form and relationships of 

parts around a common axis, or on each side of a plane of the body 
(Dorland’s).

Sutherland fulcrum: A shifting suspension fulcrum of the reciprocal ten-
sion membrane located along the straight sinus at the junction of the 
falx cerebri and tentorium cerebelli. See also reciprocal tension membrane. 
See also osteopathic manipulative treatment, Osteopathy in the Cranial 
Field (OCF).

symphyseal shear: The resultant of an action or force causing or tending 
to cause the two parts of the symphysis to slide relative to each other 
in a direction parallel to their plane of contact. It is usually found in an 
inferior/superior direction but is occasionally found to be in an anterior/
posterior direction (Figs. 28 and 31).

T

tapotement: Striking the belly of a muscle with the hypothenar edge of 
the open hand in rapid succession in an attempt to increase its tone and 
arterial perfusion.

TART: A mnemonic for four diagnostic criteria of somatic dysfunction: 
tissue texture abnormality, asymmetry, restriction of motion and tender-
ness, any one of which must be present for the diagnosis.

technic: See technique.
technique: Methods, procedures and details of a mechanical process 

or surgical operation (Dorland’s). See also osteopathic manipulative 
treatment.

tenderness: 1. Discomfort or pain elicited by the osteopathic practitioner 
through palpation. 2. A state of unusual sensitivity to touch or pressure 
(Dorland’s). NB: This term is part of the TART acronym for an osteopathic 
somatic dysfunction.

tender points: 1. Small, hypersensitive points in the myofascial tissues of 
the body that do not have a pattern of pain radiation. These points are a 
manifestation of somatic dysfunction and are used as diagnostic criteria 
and for monitoring treatment. 2. A system of diagnosis and treatment 
originally described by Lawrence Jones, DO, FAAO. See also osteopathic 
manipulative treatment, counterstrain.

terminal barrier: See barrier, physiologic b. thoracic aperture (superior): 
See thoracic inlet.

thoracic outlet: 1. The functional thoracic inlet consists of T1-4 verte-
brae, ribs 1 and 2 plus their costicartilages, and the manubrium of the 
sternum. See fascial patterns. 2. The anatomical thoracic inlet consists 
of T1 vertebra, the fi rst ribs and their costal cartilages, and the superior 
end of the manubrium.

thoracic pump: See osteopathic manipulative treatment, thoracic pump.
thrust technique: See osteopathic manipulative treatment, thrust technique. 

See also osteopathic manipulative treatment, high velocity/low amplitude 
technique (HVLA).

tissue texture abnormality (TTA): A palpable change in tissues from skin 
to periarticular structures that represents any combination of the fol-
lowing signs: vasodilation, edema, fl accidity, hypertonicity, contracture, 
fi brosis, as well as the following symptoms: itching, pain, tenderness, 
paresthesias. Types of TTA’s include: bogginess, thickening, stringiness, 
ropiness, fi rmness (hardening), increased/decreased temperature and 
increased/decreased moisture. NB: This term is part of the TART acronym 
for an osteopathic somatic dysfunction.

toggle technique: See osteopathic manipulative treatment, toggle technique.
tonus: The slight continuous contraction of muscle, which in skeletal 

muscles, aids in the maintenance of posture and in the return of blood 
to the heart (Dorland’s).

torsion: 1. A motion or state where one end of a part is twisted about 
a longitudinal axis while the opposite end is held fast or turned in the 
opposite direction. 2. A physiologic motion pattern about an antero-
posterior axis of the sphenobasilar symphysis/synchondrosis. See also 
sphenobasilar synchondrosis (symphysis), somatic dysfunctions of, torsion.

torsion, sacral: See sacral torsion. See also sacrum, somatic dysfunctions of, 
sacral torsions.

traction: A linear force acting to draw structures apart.
traction technique: See osteopathic manipulative treatment, traction 

technique.
transitional region: Areas of the axial skeleton where structure changes 

signifi cantly lead to functional changes; transitional areas commonly 
include the following:
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tropism, facet: Unequal size and/or facing of the zygapophyseal joints of 
a vertebra. See also facet asymmetry.

type I somatic dysfunction: See somatic dysfunction, type I s.d. See also 
physiologic motion of the spine.

type II somatic dysfunction: See somatic dysfunction, type II s.d. See also 
physiologic motion of the spine.

U

uncommon compensatory pattern: See fascial patterns, uncommon com-
pensatory pattern.

uncompensated fascial pattern: See fascial patterns, uncompensated fascial 
pattern.

V

v-spread: See osteopathic manipulative treatment, v-spread.
velocity: The instantaneous rate of motion in a given direction.
ventral technique: See osteopathic manipulative treatment, visceral manip-

ulation.
vertebral unit: Two adjacent vertebrae with their associated interver-

tebral disk, arthrodial, ligamentous, muscular, vascular, lymphatic and 
neural elements (Fig. 64).

visceral dysfunction: Impaired or altered mobility or motility of the vis-
ceral system and related fascial, neurological, vascular, skeletal and lym-
phatic elements.

visceral manipulation: See osteopathic manipulative treatment, visceral 
manipulation.

viscerosomatic refl ex: See refl ex, viscerosomatic r. viscerovisceral refl ex: 
See refl ex, viscerovisceral r.

viscosity: 1. A measurement of the rate of deformation of any material 
under load. 2. The capability possessed by a solid of yielding continually 
under stress. See also elasticity. See also plasticity.

W

weight-bearing line of L3: See gravitational line (Fig. 16). Vertical axis: 
See sacral motion axis, vertical (y) axis (longitudinal).

occipitocervical region (OA), typically the OA-AA-C2 region is 
described.

cervicothoracic region (CT), typically C7-T1.
thoracolumbar region (TL), typically T10-L1.
lumbosacral region (LS), typically L5-S1.

transitional vertebrae: A congenital anomaly of a vertebra in which it 
develops characteristic(s) of the adjoining structure or region.
lumbarization, a transitional segment in which the fi rst sacral seg-

ment becomes like an additional lumbar vertebra articulating with 
the second sacral segment.

sacralization, 1. Incomplete separation and differentiation of the fi fth 
lumbar vertebra (L5) such that it takes on characteristics of a sacral 
vertebra. 2. When transverse processes of the fi fth lumbar (L5) are 
atypically large, causing pseudoarthrosis with the sacrum and/or 
ilia(um), referred to as batwing deformity, if bilateral.

translation: Motion along an axis.
translatory motion: See motion, translatory motion.
transverse axis of sacrum: See sacral, sacral movement axis, transverse (z) 

axis (Fig. 37).
transverse process: Projects laterally from the region of each pedicle. The 

pedicle connects the posterior elements to the vertebral body (Fig. 63).
transverse rib axis: See (Fig. 35). See also rib motion, pump handle rib 

motion (Fig. 34).
Traube-Herring-Mayer wave: An oscillation that has been measured in 

association with blood pressure, heart rate, cardiac contractility, pulmo-
nary blood fl ow, cerebral blood fl ow and movement of the cerebrospinal 
fl uid, and peripheral blood fl ow including venous volume and thermal 
regulation. This whole-body phenomenon, which exhibits a rate typi-
cally slightly less than and independent of respiration, bears a striking 
resemblance to the primary respiratory mechanism.

Travell trigger point: See trigger point.
treatment, active: (Archaic). See osteopathic manipulative treatment, 

active method.
treatment, osteopathic manipulative techniques: See osteopathic manipu-

lative treatment.
Trendelenburg test: The patient, with back to the examiner, is told to lift 

fi rst one foot and then the other. The position and movements of the glu-
teal fold are watched. When standing on the affected limb the gluteal fold 
on the sound side falls instead of rising. Seen in poliomyelitis, un-united 
fracture of the femoral neck, coxa vara and congenital dislocations.

trigger point (myofascial trigger point): 1. A small hypersensitive site 
that, when stimulated, consistently produces a refl ex mechanism that 
gives rise to referred pain and/or other manifestations in a consistent 
reference zone that is consistent from person to person. 2. These points 
were most extensively and systematically documented by Janet Travell, 
MD, and David Simons, MD. trophic: Pertaining to nutrition, espe-
cially in the cellular environment (e.g., trophic function—a nutritional 
function).

trophicity: 1. A nutritional function or relation. 2. The natural tendency 
to replenish the body stores that have been depleted.

trophotropic: Concerned with or pertaining to the natural tendency for 
maintenance and/or restoration of nutritional stores.

-tropic: A word termination denoting turning toward, changing or ten-
dency to change.

Figure 63 The pedicle (B) is the key structure from which 
other vertebral parts can be identifi ed. (Ward RC, Ex. Ed., 
Foundations for Osteopathic Medicine, Second Edition, Lippin-
cott Williams & Wilkins, Philadelphia, 2003:730.)

Figure 64 Vertebral unit.
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A
Abdomen, 413–414

articulatory techniques, 784, 784
diaphragm, apertures, 537
diaphragmatic dysfunction testing, 567
muscles, of respiration, 213
myofascial release, 725–726, 726
refl ex, lumbar region, 561
regional lymph drainage, 198, 201–202
soft tissue technique, 783–784, 784
strains and counterstrain techniques, 

761, 761
Abdominal pain

differential diagnoses, 1001
key concepts, 999
osteopathic patient management

behavioral model, 1004–1005
biomechanical model, 1001–1002
metabolic energy model, 1004
neurological model, 1002–1004
respiratory-circulatory model, 1002

Abdominal region
defi nition, 660
diagnosis

auscultation, 665–666
general, 665
palpation, 666, 667
patient history, 664–665
percussion, 666

functional anatomy, 660–664
connective tissue and fascial elements, 

663–664, 664, 664t
lymphatic structures, 663, 664
neurological structures, 661, 661–662, 662
skeletal and muscular structures, 661, 661
topographic, 664, 666
vascular structures, 662–663, 663
visceral structures, 664, 665

historical perspective, 660
key concepts, 660
osteopathic treatment

goals, 666–667
peripheral and direct approach, 668
spinal somatic dysfunction, 667–668

Abdominopelvic region, ANS regional 
distribution, 148, 148–149

A-C joint. See Acromioclavicular joint.
Academic institutions, 1077–1080
Accessory nerve, 941, 943
Acetabulum, angular structure, 109, 109
Acetylcholine, 155
Achilles tendon, 633, 634
Acoustic neuroma, 914
Acquired immunodefi ciency syndrome (AIDS), 

osteopathic research, 1080
Acromioclavicular (A-C) joint, 640–641, 

650–651
Acromion, 412, 425, 426, 640, 641
Active motion testing, for lumbar region, 560
Activities of daily living (ADL), geriatrics, 877

Acupressure, 823
Acupuncture, 958
Acute otitis media (AOM), 920–921
Acute-phase reactants, 571
Adaptation, and nociception, 228
Adenosine triphosphate (ATP), in muscle 

contraction, 104
Adhesive capsulitis, 658
Adolescence, 302–303
Adrenoceptors, in peripheral vasculature, 141
Adult

history, 503–504
physical examination, 504
skull, 484, 485–490, 491t

Age factors
See also Geriatrics.
bone properties, 99
cartilage wear, 100–101
ligaments and tendons, 102
of ligaments and tendons, 102

Airway diseases, COPD structural changes, 
215–217, 219

Alcohol use, 382
biobehavioral factors, 1066, 1067
public health, 320
stress

as cause of, 291, 292t, 293t
response to, 290–291

Allergic rhinitis, 994, 996
Allodynia, 254, 977
Allopathic medicine, 335–336
Allostasis, 257
Allostatic load, 899, 899
Alodynogens, 235t
Alternative medicine. See Complementary and 

alternative medicine (CAM)
Alzheimer’s disease (AD), aging, 877
American Academy of Osteopathy, 683, 1040, 

1049
American Association for the Advancement of 

Osteopathy, 31
American Association of Colleges of 

Osteopathic Medicine (AACOM), 38
American College of Rheumatology (ACR), 

958
American Medical Association (AMA), 28
American Osteopathic Association (AOA), 39t, 

353, 353b
organization, 31

Amygdala, 243, 245
Analgesics, 269
Anatomy

abdomen, 660–664
connective tissue and fascial elements, 

663–664, 664, 664t
lymphatic structures, 663, 664
neurological structures, 661, 661–662, 

662
skeletal and muscular structures, 661, 

661

topographic, 664, 666
vascular structures, 662–663, 663
visceral structures, 664, 665

body unity
arteries, 71
connective tissue, 67–68
fascia, 68–70, 68–71
nerves, 71–72
veins and lymphatics, 72

concepts of, 53
musculoskeletal system

cartilage and bone, 61, 63–64
connective tissues, 61, 62
function of, 62–66
injury, response to, 61–62
skeletal muscle, 61, 65

neuromusculoskeletal development
cells, migration of, 57
somite differentiation, 56, 57
trunk, 57–58, 58
upper and lower limbs, 58–59, 

59–61, 61
pelvis and sacrum, 577–582, 578–582

growth and development, 577
ligaments, 578, 578, 579
muscles and connective tissue

primary, 579
secondary, 579–580, 580

nerves, 581–582, 582
pelvic articulations, 577–578, 578
skeletal/ligamentous, 577
vascular/lymphatic, 580–581, 581

PINS method, 824–827
upper extremities, 640–646, 643t–644t, 

645
Ancient writings, 15
Angular structure of hip, 109, 109
Animal research, 1025
Ankle

and feet, body symmetry, 410
Fulford percussion, 869, 869
sprains, 614–615, 615–617
strains and counterstrain techniques, 

761, 761
structure–function relationships, 612–614, 

613, 614
Ankylosing spondylitis, back pain, 545
Annulus fi brosis, small-fi ber system, 234
Antecubital region, primary and endpoints, 

827
Anterior cingulate cortex (ACC), 243, 

243–244
Anterior compartment syndrome, 635
Anterior shin splints. See Anterior compartment 

syndrome.
Anterior superior iliac spine (ASIS) 

compression test, 1089
Antibiotic therapy, rhinosinusitis, 995
Antibody, hepatitis B vaccine, 799
Antihistamines, 996

Note : Page numbers followed by b indicate box; those followed by t indicate table. Page numbers in italics indicate fi gure.
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Anxiety
geriatrics, 309
measurement of, 289, 290t
medical disorders and conditions associated 

with, 289t
treatments, 290

Aortic plexus, 147, 147
Apnea, 169
Aponeurosis

plantar, 618
thoracolumbar, 552, 552

Apoptosis, entrainment, 174
Appendix, vermiform functional technique, 843, 

843–844
Arches of foot, 617–618, 618
Arm position and length, 412–413
Arterial supply, 493–495
Arteries, 71
Arthritis, rheumatoid, 956
Arthrodial restriction, 434–435
Articular processes, superior and inferior, 547–548
Articulatory techniques

basic principles, 765–766
case study, 763
contraindications, 765
defi nition, 765
history, 765
indications, 765
key concepts, 763
rib exhalation dysfunction, 763, 764–765
treatment

abdominal, 784, 784
cervical dysfunction, 771–772, 772
head and suboccipital dysfunction, 771, 771
lower extremity, 778, 778, 779
lumbar dysfunction, 773–774
pelvic dysfunction, 776–777, 776–777
rib dysfunction, 783, 783
sacral dysfunction, 774, 775, 776
thoracic dysfunction, 772, 772–773
upper extremity, 779–782, 780–782

types
peripheral, 769, 769–770
regional, 768, 768
segmental, 768, 768–769

Ashmore, Edythe, 831, 832
Asthma

case study, 883–884
classifi cation, 884
differential diagnosis, 884–885, 885t
factors, 884
key concepts, 883
management and prevention, 885, 885t
osteopathic patient management

biomechanical model, 885–886, 885b, 886
biopsychosocial model, 887
metabolic energy model, 887
neurologic model, 886–887

pathologic features, 884–885
wheezing, 885

Athlete joint injury. See Joint injury.
Atlas motion test, 521, 522
Atlas-axis joint, 518
Auscultation, abdominal region, 665–666
Australia, 49–50
Automobile accidents, 382

cranial dysfunction, 741
Autonomic dysfunction, lumbar region, 561
Autonomic nervous system (ANS), 53

divisions of
anatomical differences, 138
parasympathetic, 137, 139–140, 142
primary afferent fi bers, 140
sympathetic, 137, 138–139, 139, 140

nose and paranasal sinuses, 992–993, 993
organization of, 134–135, 135
refl ex arcs

autonomic, 136, 136
somatic, 135–136

regional distribution
abdominopelvic region, 148, 148–149
celiac ganglia, 149–150, 150, 151
head and neck, 142, 142–143
inferior mesenteric ganglia

connections of, 153
hepatobiliary tree and pancreas, 153–154
kidney, 154
neurotransmitters and neuromodulators, 

151–152
reproductive tract, 157, 157
ureter, 154–155
urinary bladder, 155–157

penis and clitoris, erectile tissue of, 158–159
superior mesenteric ganglia, 150, 152
testis and ovary, 157–158
thorax, 143

aortic plexus, 147, 147
cardiovascular plexus, 144, 144–146
esophageal plexus, 146–147
respiratory plexus, 146
thoracic duct innervation, 148

trunk and limbs
sweat glands and connective tissue, 142
vasculature, peripheral, 141–142

uterus, uterine tube, cervix, and vagina, 158
Autonomic refl ex arc, 136, 136, 137
Autonomic rhythms, 168–169
Axial fascia, 77–78, 77–81
Axon refl ex, 239, 863
Axoplasmic fl ow, 166

B
Babinski sign, 519
Back pain. See Low back pain.
Baker cyst, 633, 634
Balance, 911
Balanced ligamentous tension (BLT)

biochemical changes, 811
case study, 809
connective tissue, 811
crimping, 811
fascia, 811
history, 810
immobilization, 811
key concepts, 809
physiological changes, 811–812
principles of corrective technique

externally and rotated legs, 813
LAS hip technique, 812, 812–813

reciprocal tension, 810–811
Barlow test, 605, 606
Baroreceptors, 126
Barotrauma, 919–920
Barrel chest, 936
Barriers

HVLA treatment, 670, 670–671
language, end of life care and, 390

Barr–Lieou syndrome, 492
Basal ganglia, 245–246
Bayes’ theorem, 343
Behavioral model

abdominal pain, 1004–1005
CGH, 942
chronic pain management, 265–266, 266t
COPD, 936, 936–937
dementia, 880–881
dizziness, 916
lower extremity edema, in pregnancy, 964
multiple small joint disease, 957–958
myalgia, 978
neck pain, 985–987
in patient assessment and treatment, 7
pregnancy, low back pain in, 971
rhinosinusitis, 997
shoulder pain, 950

Behavioral research, cardiovascular disease, 
898–899, 899

Belgium, 51
Bell palsy, 511
Bending, in biomechanics, 95
Benign paroxysmal positional vertigo (BPPV), 

914, 915
BFAR. See Bioelectric fascial activation and 

release.
Bias, clinical research, 1034–1035
Biceps refl ex, 647–648
Biobehavioral mechanisms

cardiovascular disease, 1065–1066, 1066t
disease development pathways, 1065, 1065
disease risk pathway, 1067
disease-related activities, 1067–1068
in health, 1064–1065
immune function and infectious disorders, 1066
key concepts, 1064
opportunities, 1072
pain syndromes, 1066–1067
placebos, 1068
research process

basic research, 1068–1069, 1070
biobehavioral measurement data, 1070
design and implementation, 1069t

group selection, 1070
instrumentation, 1070
intent to treat, 1070
maturation, 1070
measurement variance, 1070
multiple treatment, 1070

hypothesis, 1069, 1070
qualitative and quantitative measurements, 

1070
statistical analysis, 1071–1072
study design, 1071

sleep and circadian biology, 1066
Bioelectric fascial activation and release 

(BFAR), 710–711
Biofeedback, 295
Biological cycles

cellular rhythms, 162
chronobiology, chronopharmacology, 

chronotherapeutics, 163
external time setters, zeitgebers, 162–163
oscillations, 163
physiological oscillations, 163–164
rhythms, 163

Biological rhythmic spectrum. See Physiological 
rhythms/oscillations.
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Biomaterial, in ligaments and tendons, 101
Biomechanics

articular cartilage, 99–101, 100
behavior of materials

elastic modulus, 96, 97
fatigue, 98
isotropic/anisotropic, 95–96
strain vectors, 96, 96
viscoelasticity, 96–97, 97

bone, 98, 98–99, 99
cervical spine, 518
elbow, 110, 110
hip, 108–110, 109
joint articulations, 107
key concepts, 93
knee, 107, 107–108
ligaments and tendons, 101, 101–102
locomotion, 115, 115
lumbar region

atypical motion, 559
normal motion, 558–559
vertebral unit, 558, 558

model
abdominal pain, 1001–1002
asthma, 885–886, 885b, 886
CGH, 942
coccydynia, 1014
in COPD, 933, 933–934
degenerative disc and joint disease, 1013
dizziness, 915–916
low back pain, 1010, 1012–1014
lower extremity edema, in pregnancy, 

963–964
multiple small joint disease, 956
myalgia, 977
neck pain, 982–983
pain and depression, 904–906
in patient assessment and treatment, 5
piriformis syndrome, 1013–1014
psoas syndrome, 1014
rhinosinusitis, 996
sacroiliac joint pain, 1014
short leg syndrome, 1014
shoulder pain, 949
somatic dysfunction, 1012–1013, 1012b, 

1013t
motion and forces in three-dimensional space, 

94, 94–95, 95
musculoskeletal models, 104–107, 105, 106
of musuloskeletal system, 53
shoulder, 110–111, 111
skeletal muscle, 102, 102–104, 103
spinal, 439–441
spine, 111–115, 112–114

Biopsychosocial model, asthma, 887
Biostatistics, osteopathic research, 1057
Birth canal, 740
Blinding, in research, 1031–1032, 1035, 

1048
Blood pressure, and baroreceptors, 126
Blood vessels

abdominal, 662–663, 663
lumbar, 558
small-fi ber system, 233

Body
composition, aging, 304
fascial system of, 53
person as a whole, 16–17
planes of, 1100

Body unity, anatomy
arteries, 71
connective tissue, 67–68
fascia, 68–70, 68–71
nerves, 71–72
veins and lymphatics, 72

Bonding, infants, 300
Bone, 61, 63–64

abdominal, 661, 661
of adult skull, 491t
biomechanics, 98, 98–99, 99

fractures, 98–99, 99
histologic and structural properties of, 98
remodeling, 99

cranial, articular mobility of, 731, 733, 
733–734

PINS method, 827
Botulinum neurotoxin, 978
BPPV. See Benign paroxysmal positional vertigo.
Braces

posture, 462
for scoliosis, 470, 471
for spondylolisthesis, 479–480

Brachial plexus, 645
Brachioradialis refl ex, 648
Bragard test, 565, 565
Brain

geriatrics, changes in, 305
mobility of, 730

Brainstem
anterolateral system in, 240, 240
and baroreceptors, 126
and spinal cord pathways, 224

Breast cancer, biobehavioral factors, 1067, 1068
Breathing, diffi culty in. See Chronic obstructive 

pulmonary disease.
Bronchitis, chronic, 935
Bunion protrusion, 619
Burns, Louisa, 1021
Bursitis, lower extremities

of achilles tendon, 633, 634
patellar, 633, 634
pes anserine, 633, 633
trochanteric bursitis, 632–633, 633

C
Calcaneal heel spur, 618
Calcium role, fascia, 89
Canada, 47–48, 48b–49b
Capsulitis, adhesive, 658
Cardiopulmonary changes, in geriatrics, 305
Cardiovascular disease

behavioral model, 898–899, 899
biobehavioral mechanisms, 1065–1066, 1066t
biomechanical model

heart and vascular system, 893, 893
venous and lymphatic systems, 893–894

differential diagnosis, 890–892, 891, 891b
key concepts, 889
metabolic energy model, 897–898, 897b
neurologic model

considerations, 896t
parasympathetic outfl ow, 897
sympathetic outfl ow, 896–897
viscerosomatic refl exes, 896

osteopathic patient management, 892–893
respiratory-circulatory model

heart failure, 894

myofascial release, 896
peripheral lymphatic ducts, 894, 895

Cardiovascular plexus, 144, 144–146
Carotids

external, 493–494
internal, 493, 498

Carpal tunnel syndrome, 657
in pregnancy, case study, 805–807

Carpometacarpal joints, 641
Cartilage, 61, 63–64

articular, 99–101, 100
Casts, for spondylolistheses, 479–480
Catecholamines, 75–76, 259
Cauda equina syndrome, 566–567
C2-C7 motion testing, 521–522
C0-C1, occipital motion testing, 521, 521
Celiac ganglia, 149–150, 150, 151
Cellular elements, fascia

fi broblasts, 82–84, 84
macrophages, 85
mast cells, 85–86
myofi broblasts, 85, 85

Cellular envelope, 170
Cellular rhythms, 162
Cellulitis, 963
Cement line of bone, 98
Center of rotation, 107
Central nervous system (CNS), 136, 255, 730

components of, 135
disorders, 877

Cerebellar/motor examination, chronic pain 
management, 264

Cerebellum, 245–246
Cerebral cortical pain matrix, 241–242, 242
Cerebrospinal fl uid, mobility, 730, 732
Cervical myelopathy, 524
Cervical nerves, upper, 493
Cervical radiculopathy, 524
Cervical region, 415, 417–418, 418–421, 420

articulatory techniques, 771–772, 772
extension, 771–772, 772
sidebending

regional, 768, 768
segmental, 768, 768–769

facilitated positional release (FPR)
segmental somatic dysfunction, 817, 817
soft tissue treatment, 816, 816–817

functional technique, 838, 839
HVLA treatment, 674, 674–675, 675
muscle energy techniques, 687, 687–688, 688
myofascial release, 714, 714–715, 722–723, 723
soft tissue technique

suboccipital inhibition, 767, 767–768
traction

contralateral, 767, 767
cradling, 771, 771
intermittent, 766, 766

Cervical spine, 413
active motion testing, 518–519
biomechanics, 114, 115
compression test, 520
deep tendon refl exes, 519
diagnostic modalities

acute spastic torticollis, 525
cervical myelopathy, 524
cervical radiculopathy, 524
CT scan, 523
imaging, indications for, 522
MRI, 523
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Cervical spine (Continued )
neck pain, 523–524
somatic dysfunction, 524–525
suboccipital pain, 525
systemic concerns, 524
whiplash, 525
X-rays, 522–523

distraction test, 520
functional anatomy of

anterior neck muscles, 516
deep posterior group, 515–516
fascia, 516
intermediate posterior group, 515
intervertebral discs, 515
levator scapula, 515
ligamentous, 514–515
muscular, 515
neural structures

lymphatic structures, 517–518
nerve roots, 516
proprioceptive refl exes, 517
sinuvertebral, 517
sympathetic system, 516–517
vascular structures, 517, 517b

posterior neck muscles, 515
skeletal, 514
trapezius, 515

heent and anterior neck exam, 520
history, 513–514
lhermitte sign, 520
motion, posture, and biomechanics

atlas-axis joint, 518
C2-7, 518
gross motion, 518
occipito-atlantal (O-A) joint, 518

motor
nerve roots, 519t, 520
upper neuron tests, 519

neck pain
evidence for, 525
manual manipulative techniques in, 525–526

pain, epidemiology of, 513
peripheral nerves, 520
physical examination, 518
sensory, 519
shoulder evaluation

atlas motion test, 521, 522
C2-7 motion testing

fl exion and extension test, 521–522
lateral translation test, 522, 522
rotation test, 522, 522

C0-C1, occipital motion testing of, 521, 521
palpation and terminology, 520–521
segmental diagnosis, passive motion testing, 

521
spurling maneuver, 520
strains and counterstrain techniques, 758, 758
valsalvas test, 520

Cervical sprain and strain, 686–687
Cervicofacial pain syndromes, 923
Cervicogenic headache (CGH)

biological basis for use of OMT, 942–943
case study, 939–940
cervical causes of, 940b
differential diagnosis, 940
Educational Council on Osteopathic 

Principles (ECOP), models, 942
epidemiology, 940
key concepts, 939

laboratory and radiologic fi ndings, 942
overview, 940
pathophysiology, 940–941
patient presentation, 941
physical examination, 941–942
physical medicine and rehabilitation, 943–944

Cervicogenic vertigo, 913–914
Cervico-ocular refl ex, 913
Cervicothoracic inhibition, soft tissue technique, 

763, 764
Cervicothoracic region, lymphatic fl ow, 803
Cervix, autonomic innervation, 158
CGH. See Cervicogenic headache.
Chapman refl exes, 666, 667

case study, 853
defi nition, 853
diagnostic utility, 859–860, 859–860
differences, MTrP and tender points, 856, 

858t, 859
historical background, 853–855, 855
integrated, in clinical setting, 860–861, 861
key concepts, 853
location and palpation, 855–856, 856, 857t
osteopathic concept, 862–864
patterns of, 861–862, 863t
point and pressure techniques, 822
specifi c treatment, 861, 862t

Chemoreceptors, 154
Chest pain, 315–316
Chicago model, 591–592, 592t
Children, 300–302

See also Ears, pain, in child
personality development in, 301t
psychiatric disorders in, 302t

Cholinesterase inhibitors, 880
Chopart joint, 616
Chronic obstructive pulmonary disease (COPD)

biochemical changes in
downward cascade associated with, 218–219
system infl uences, 217–218

case study, 931–932
key concepts, 931
osteopathic patient management

behavioral model, 936–937, 936–937
biomechanical model, 933, 933–934
metabolic energy model, 936
neurologic model, 935–936
respiratory/circulatory model, 934–935, 935
treateatment protocol for, 937, 937b

patient outcome, 937, 937b
structural changes, 215–217, 219

Circadian rhythms, 166–167, 1066
and mental health, 167–168
redox state and, 167

Circle of Willis, 494
Civil War medicine, 24
Claudication, 1015
Clavicle

myofascial release technique, 723–724, 724
somatic dysfunction, 652

Clinical decision making
algorithms, 344
clinical reasoning for osteopathic physicians 

(CROPs)
chronic disease, 348, 349
differential diagnosis descriptors, 349, 349b
elements, 346, 347, 348b, 348t
maturity continuum, 346
steps, 349

communication skills, 342
development of, 341, 341–342
documentation, 349–350
error and, 342–343, 343b
evidence-based medicine in, 344, 344–345

best practice, 345
hypotheticodeductive reasoning, 343–344

Bayes’ theorem, 343
levels of, 340t
origin of, 340
osteopathic approach, 339–341
teaching, 338–339, 339, 339b, 340
technology and resource utilization, 345–346, 

346
template matching, 344

Clinical decision support systems (CDSSs), 346
Clinical reasoning for osteopathic physicians 

(CROPs), 346–349
Clinical trials. See Research, osteopathic
Clitoris, autonomic innervation, 158–159
Coccydynia, 1014
Cognition

depression, 287–288, 289t
osteopathic manipulative treatment, 293, 293
test, geriatrics, 877

Cognitive disposition to respond (CDR), 343, 
343b

Cole, Wilber V, 119
Colic, 300, 742
Collagen

articular cartilage, 99–100, 100
fi bers, 86, 86, 87t–88t
mobility, 700, 700
piezoelectric properties of, 701–702, 704, 

705t, 706
Commission on Osteopathic College 

Accreditation (COCA), 39t
Common cold, 505–506
Compartment syndromes, 635
Complementary and alternative medicine 

(CAM), 336, 337
Comprehensive Osteopathic Medical Licensing 

Examination (COMLEX-USA), 
40–41, 41t

Compression
cervical spine, 520
lumbar, 573–574
stress, 95

Computer resources
graphics, 1034
literature search, 1029
statistical analysis, 1033

Computerized tomography (CT) scan
cervical spine, 523
of lumbar spine, 570

Conferences, osteopathic research, 1049
Connective tissue

See also Ligaments; Tendons.
abdominal region, 663–664, 664, 664t
body unity, 67–68
head and suboccipital region, 491, 493–495
musculoskeletal system, 61, 62
pelvis and sacrum, 579–580, 580
thoracic region and rib cage, 537

Continental Europe, 50–51
Continuing medical education (CME), 44
Contractility, 701
Contralateral–straight leg raising test, 565, 565
Control event rate (CER), 396t
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COPD. See Chronic obstructive pulmonary 
disease.

Coronal plane decompensation, posture, 463
Corticotrophin-releasing hormone (CRH), 258, 

278
Cost effectiveness studies, 1082
Costal region

functional technique, 838–841, 840, 841
ribs, muscle energy techniques, 695–696, 696

Costosternal joint, 649
Costovertebral joints, 649
Costovertebral linkage, functional technique, 

842, 842
Council on Postdoctoral Training (COPT), 42
Counterstrain. See Strains, and counterstrain 

techniques.
Cranial nerves, 142, 491, 496t–497t, 740

facial, 142
vagus (X), 139–140, 142

Cranial region
case study, 728
clinical considerations

neonatal, 739–741, 740
trauma, 741

clinical research, 741–742
dentistry, 742
otitis media, 741
pediatrics, 742
pregnancy, labor, and delivery, 741–742
vascular and autonomic nervous system 

functions, 742
diagnosis

by observation, 739
by palpation, 739
patient history, 738–739

history, 728–730
key concepts, 728
mechanics of physiologic motion, 735, 736
primary respiratory mechanism (PRM)

bone mobility, 731
brain and spinal cord mobility, 730
cerebrospinal fl uid, 730
membrane mobility, 730–731
palpation of, 736–737
research indicative of, 731–735
sacrum mobility, 731

strains, 737–738, 737–738
treatment

balanced membranous tension, methods, 
743, 743

goals of, 743
lumbosacral somatic dysfunction, 743–744
sphenobasilar symphysis, 744–745, 744–745

Cranial rhythmic impulse (CRI), 179–182, 182, 
183

Craniocervical spine, INR and MFR techniques, 
714, 714–715

Craniosacral extension, 1091
Craniosacral fl exion, 1092
Creep, 701

in biomechanics, 97
ligaments and tendons, 101

Crimping, 811
Crossed extensor refl ex, 685
Curriculum, 37–38

clinical, 40
preclinical, 40

Cyriax, James, 822
Cytokines, 207, 956

D
Data analysis, 1032–1033
Databases, computer, 1029
Deep tendon refl ex, lumbar region, 561
Deep vein thrombosis, 963
Degenerative disc and joint disease, 1013
Degenerative spondylolisthesis, 480
Delirium, geriatrics, 310
Dementia

differential diagnosis, 879t
iatrogenesis, 876
immobility, 876
impaired homeostasis, 875
incompetence or intellectual impairment, 

875–876, 876b
incontinence, 876–878

DSM-IV diagnostic criteria, 876t
geriatrics, 308t, 309–310
key concepts, 873
Lewy body

diagnosis, 877, 878t
resources for physicians, 881b

nonreversible causes, 877
osteopathic patient management

behavioral model, 880–881
biomechanical model, 879
caregiver and patient resources, 879b
goal, 878–879
metabolic energy model, 881
neurological model, 880
respiratory circulatory model, 879–880

parkinson disease diagnosis, 877
principles in managing, 881b
reversible causes, 876–877, 876b
vascular, 877

Denslow, J.S, 119
research in OMT, 1022

Dentistry, cranial dysfunction, 742
Depression

behavioral model, 907
biomechanical model, 904–906
chronic care, 908
cognitive behavioral factors in, 287–288, 289t
comorbid medical illness, 279t
differential diagnosis, 903
drugs, 288t
geriatrics

Cornell Scale for, 308t
symptoms associated with, 310t

key concepts, 903
measurement of, 287
medical illnesses and conditions with, 288t
neurological model, 906–907
osteopathic patient management, 904
patient follow-up, 907
respiratory-circulatory model, 906

Dermatomal map
anterior, 1090
posterior, 1091

Dermatomes
lumbar, 557, 557
thoracic, 587, 588

Design of research
between-subject

blinding, 1031–1032, 1035
independent and dependent variables, 1031
random assignment, 1031

case studies
prospective, 1030–1031

retrospective, 1030
clinical research

blinding, 1035
control groups, 1035–1036
dependent variables, 1036–1037
dropouts, 1036
gold standard, 1034
inclusion and exclusion criteria, 1036
pilot vs. full studies, 1036
pitfalls, 1037
population selection, 1035
study size and power, 1036
validity and bias, 1034–1035

experimental, 1031
hypothesis, 1029–1030
literature search, 1029, 1033–1034
observation, 1029
outcomes research, 1027
statistics, 1033–1034
within-subject and crossover

data analysis, 1033
data collection, 1032

Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM-IV), 
dementia, 876t

Diaphragm
abdominal

apertures of, 537
components, 148
testing, 567

redoming, 696–697, 697
thoracic cylinder, 212–213, 217

Diet
and asthma, 887
biobehavioral mechanisms, 1067

Dirty half-dozen, 904, 905
Disc, intervertebral, 112, 515, 547
Discogenic pain syndrome, 818, 819–820
Distensibility, 701
Dizziness

behavioral model, 916
biomechanical model, 915–916
defi nition, 911
differential diagnosis

acoustic neuroma, 914
acute labyrinthitis, 914
benign paroxysmal positional vertigo, 914, 

915
cervicogenic vertigo, 913–914
Meniere disease, 914

functional anatomy and physiology
central processing, 913
cervico-ocular refl ex, 913
sensorimotor integration, 912
vestibular system, 911–912, 912–914
vestibulocollic refl ex, 913
vestibuloocular refl ex, 913
vestibulospinal refl ex, 913
visual and proprioceptive systems, 912–913

key components, 910
metabolic-energy model, 916
neurologic model, 916
osteopathic patient management, 915
patient education, 917b
respiratory-circulatory model, 916
self-treatment, 917b

Doctor–patient communication, 372–373
Doctor–patient relationship, 383–384, 385t
Donnepezil, 880
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Dorsal horn
in modifi ed pain presentation patterns

chronic pain states, 238
and dorsal root refl exes, 239, 239
PAN and spinal cord, 238–239, 239
sensitization, 238
visceral and somatic input convergence, 

238, 238
nociceptive neurons, behavior of

central sensitization
and glial cell activation, 237
and secondary hyperalgesia, 237

circuitry changes in, 238
circuitry-activity-dependent plasticity, 237

small-fi ber system, 230–231, 232, 233
Downing, C. Harrison, 832
Dual-degree programs, OMM research, 1059
Dudley J. Morton foot, 620, 620
Dura mater, cranial, 66, 67
Dynorphin, in nociception, 129
Dyspnea, 932, 932b

E
Ears, 498–499, 502

internal structures of, 502
pain, in child

behavioral model, 928
cranial base and eustachian tube, 

biomechanical model, 923–926, 924–926
differential diagnosis

dental problems, temporomandibular joint 
dysfunction, 922

gastroesophageal refl ux, 922–923
headaches and cervicofacial pain 

syndromes, 923
pharyngitis, 921–922
primary otalgia, 919–921
secondary otalgia, 921
thyroiditis, 923

key concepts, 918
metabolic energy model, 927
neurological model, 927
osteopathic patient management, 923
respiratory-circulatory model, 926–927, 927
treatment, 927–928

physical examination, 505
Eclecticism, 25
Ectopic pregnancy, 969–970
Edema

lower extremity, 962, 964b
segmental motion testing, 435

Education, medical, 28, 41t, 729–730
Educational Council on Osteopathic Principles 

(ECOP), 3–4, 585, 1079
Elastic fi bers, 86
Elastic modulus, 96, 97

of ligaments and tendons, 101, 101
Elasticity, 701
Elbow

anatomy, 651
biomechanics, 110, 110
somatic dysfunction, 653, 653–654

Electrical stimulation, 462–463
for scoliosis, 470

Electromyography, 572
Embryologic plasticity, 700
Embryology, lymphatic system, 788
Emphysema, 933, 935

End of life care
advance care planning, 388
artifi cial nutrition and hydration, 391
communication, 389–390
goals of, 387–388
hospice and palliative care, 389
language barriers, 390
legal myths and realities, 389
medical futility, 391
pain management, 388
physician-assisted suicide (PAS), 391–392
principles of, 387
research, 387
resuscitate status, 391
secondary effect and termination sedation, 

388–389
students and, 392
symptom management, 388
terminal illness/trauma, 391
transitions of, 389
whole patient assessment, 388
withholding and withdrawing treatment, 

390–391
Endoabdominal fascia, 79
Endocrine system, chronic pain management, 

258
Endogenous opioid system, 255
Endogenous pain control systems, 246–247
Endolymphatic hydrops. See Meniere disease.
Endomysium, 102
Endpoints. See Point and pressure techniques
Entrainment, 170–174
Environmental health factors, 332t
Environmental issues

disease development, 331, 332t
and genetics, interaction of, 331
health factors, 332t
illness, 332–333
key concepts, 331
nonoccupational and occupational health 

history, 332, 332b
patient education, 333b
patient history, 331
resources, 333b

Epidemiology
cervical spine, pain, 513
low back pain, 542
osteopathic research, 1027

Epithelial-mesenchymal transition, 84
Erythema friction rub, palpatory examination, 

402–403, 404
Esophageal plexus, 146–147
Ethical factors, 1024
Eustachian tube, 923–926, 924–926
Evidence-based medicine (EBM)

application of, 397
background and foreground questions, 394
blinding, 395
clinical decision making, 344, 344–345, 345
intention-to-treat analysis, 395
magnitude of

diagnostic test characteristics, 396–397
harm studies, 397
prognostic study results, 397
therapeutic studies, effects of, 396, 396t

randomization, 395
reference standard, 395
search for, 394–395
study groups, 395

validity criteria
for harm studies, 395
prognostic studies, 395–396

Evolution
counterstrain model, 757
of osteopathic philosophy, 15–16

Excitatory amino acid (EAA), 236
Exercise

and asthma, 886
biobehavioral mechanisms, 1067
chronic pain management, 267–272
GSP and postural decompensation

bioenergetic model, 461
pelvic narrow and coil exercises, 461

palpatory examination, 403–407
public health, 320–321
pyramids, 379–382
spondylolistheses, 479

Experimental event rate (EER), 396t
Extension, 779–780

bilateral sacral fl exion and, 595
cervical region, articulatory techniques, 

771–772, 772
lumbar, 426
unilateral sacral fl exion and, 595–596
upper thoracic fl exion, 408

External oblique muscle, 208–209, 212
Extracellular matrix components, fascia

collagen fi bers, 86, 86, 87t–88t
elastic fi bers, 86
laminin and fi bronectin, 86, 88

Extraocular muscles and nerves, 501
Extremities. See Lower extremities; Upper 

extremities
Eyes, 495, 501

physical examination, 504–505

F
FABERE acronym, 607
Face, muscles and fascia of, 490–491
Facial nerve, 511
Facilitated positional release (FPR), 822

case study, 813–814
diagnoses and techniques

cervical region
segmental somatic dysfunction, 817, 817
soft tissue treatment, 816, 816–817

lumbar, 818, 819–820
ribs, 819, 820
thoracic region

segmental somatic dysfunction, 817–818, 
818

T8 ESRRR technique, 818, 818–819
diagnosis, 815
history, 814
key concepts, 813
side effects and contraindications, 816
theory, 814–815
treatment

intervertebral motion restriction, 816
tissue texture change, 815–816

Facilitation, 977
segmental, 631, 896
spinal, 53

Fascia, 68–70, 68–71
abdominal region, 663–664, 664, 664t
architecture of, 76
of body, 53
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cellular elements
fi broblasts, 82–84, 84
macrophages, 85
mast cells, 85–86
myofi broblasts, 85, 85

cervical spine, 516
compensatory pattern, 1092
connective tissue, 75
defi nition, 74
extracellular matrix components

collagen fi bers, 86, 86, 87t–88t
elastic fi bers, 86
laminin and fi bronectin, 86, 88

fi brosis
and tissue repair, 89–90
transforming growth factor-b, 88–89

layers of
adhesions, 81
axial fascia, 77–78, 77–81
innervation of, 81–82
meningeal fascia, 78, 81
pannicular fascia, 76, 76–77, 77
visceral fascia, 78–80, 82, 83
visceral ligaments, 80–81

ligamentous release, 708–709
and ligamentous restriction, 435
lumbar region, 551–555, 552, 553t–554t, 555
overview of, 75, 75–76
palpation, 402, 403
PINS method, 824–826
small-fi ber system, 233
studies of, 74–75
thoracic region and rib cage, 537

Fatigue
in biomechanics, 98
muscle fi ber type and, 104
respiratory muscle, 934

Federal government, commissions for DOs, 32
Feedback, PINS method, 823
Feet, 413
Femoral head

See also Hip
Fulford percussion, 869, 869

Femoroacetabular joint. See Hip.
Femorotibial and patellofemoral joints. 

See Knee.
Femur, 605–606, 606

primary and endpoints, 825
Ferguson’s angle. See Lumbosacral angle 

(S1-horizon)
Fibers, primary afferent, 140, 238–239
Fibroblasts, 82–84, 84
Fibrocartilage, 64
Fibromyalgia, 976–977. See also Myalgia, 

in adult.
Fibronectin, 86, 88
Fibrosis

diseases, 193
and tissue repair

fascial response to stress, 89
mechanotransduction, actin role, 89–90
strain direction, 90

transforming growth factor-b, 88–89
Flares, innominate, 589
Flexion, 780

bilateral sacral, 595
and extension test, 521–522
unilateral sacral, 595–596

Flexner Report, 28

Food Pyramid, 380
Foot

drop, 630–631
functional arches, 617–618, 618

Foramen magnum, 67
Force

defi nition, 94
three-dimensional space, 94, 94–95, 95

Forearm
anatomy, 651
somatic dysfunction, 654–655, 654–656

Fourier transformation (FT) magnitude spectra, 
176, 180, 181

Fourth ventricle (CV-4), 178–179, 180, 181
Fractures

bone, biomechanics, 98–99, 99
lumbar compression, 573–574

France, 51
Frankenhuser plexus, 158
Frozen shoulder. See Adhesive capsulitis.
Fryette type 1 mechanics, of lumbar spine, 

561–563, 562, 563
Fryette type II mechanics, of lumbar spine, 

563–564
Fulford percussion

case study, 866
defi nition, 866
diagnosis, 868
history and philosophy, 866–868
key concepts, 866
mechanism of action, 868–869
treatment, ankle and femoral head, 869, 869
use and response of, 869

Functional technique
appendicular regions, 843, 843–844
cervical region, 838, 839
costal region, 838–841, 840, 841
historical perspectives, 831–834, 833, 834
indirect method

concepts, 836
guidelines, 835–836
shoulder, single axial motion test, 834–835, 

835
innominate, 842–843, 843
key concepts, 831
thoracic cage, 841–842, 842
thoracic, lumbar, and sacral regions, 837–838, 

837–839
Funding for research, 1076–1077

G
Gait

in biomechanics, 115, 115
lumbar spine, 559–560

Galatamine, 880
Galen, 277, 366
Ganglia, 136

basal, 245–246
celiac, 149–150
inferior mesenteric, 150–153
paravertebral, 138, 139
superior mesenteric, 150

Gastroesophageal refl ux disease, in children, 
922–923

Gastrointestinal tract, abdominopelvic region, 
149

Generalized anxiety disorder (GAD), 289, 290t
Genetics, and environmental interaction, 331

Geriatrics
anxiety, 309
cellular changes, 304
delirium, 310
dementia, 309–310
depression, 308–309
head and suboccipital region

history, 504
physical examination, 505

key concepts, 303–304
medical assessment, 306–307, 306t–309t
multiple small joint diseases, 952–959, 953t
pathologic changes, 307–308
physical changes

body composition, 304
brain, 305
cardiopulmonary, 305
immune system, 305
liver, 305
musculoskeletal, 305
renal, 305
sensory, 304–305
skin, 304

psychological changes, 305–306
psychosis, 310

Germ theory of disease, 12
Germany, 51
Gingivitis, 922
Glenohumeral joint

anatomy, 641, 642t
muscles and nerves, 643t
somatic dysfunction, 652

Glenohumeral release, 722
Glial cell activation, 237
Global burden of disease (GBD), 377–378
Glossary of osteopathic terminology, 1087–1110
Gluteal region

body symmetry, 411
primary and endpoints, 826

Golgi tendon organ, 830
Grant writing, 1057–1058
Grants award, 1044–1045t
Grantsmanship, 1057–1058
Gravitational line, 1093
Gravitational strain pathophysiology (GSP) and 

postural decompensation
balance plates and, 459
crossover sites, 448, 450
education and compliance, 460
extrinsic factors, 446
intrinsic factors, 445–446
ligamentous response, 448, 449, 450
muscular response, 446, 446, 447t, 448, 448t
observation

coronal and horizontal plane, 451, 451–452
sagittal plane, 452, 452
static and dynamic testing, 450–451

palpatory tissue assessment, 452
radiographs

anteroposterior (AP) lumbopelvic, 457–458
anteroposterior (AP) thoracolumbar, 

456–457
Cobb method, 456
fi ndings on fi lms, 454t–455t
interpretation of, 456
lateral lumbopelvic, 458, 458, 459
measurements for, 457
pelvic index, 459
protocol, 452–453, 456
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Gravitational strain pathophysiology (GSP) and 
postural decompensation (Continued)

skeletal maturity using Risser, 453
X-ray set-up, 455

regional (transition zone) fascial response, 446
skeletal-arthrodial response, 446
treatment strategies

education and compliance, 460
electrical stimulation, 462–463
exercise, 461–462
functional postural orthotics, 462
injection techniques, 463
OMT and transitional zones, 460–461, 461
pelvic lever action and Levitor, 462
percussion hammer technique, 460
static structural bracing, 462

Ground reaction force, in knee, 108
Group curves

See also Posture.
of lumbar spine, 561–563, 562, 563

Guidelines
human subiect research, 1025
osteopathic principles, 7–9, 7b, 19

H
Habituation, 128
Hahnemann, Samuel, 25
Hallux valgus, 619
Hammer toes, 619
Hamstrings, muscle energy techniques, 693, 

693–694
Hand

anatomy, 641–642, 651, 651
myofascial release, 721, 721
somatic dysfunction of, 656–657

Haversian canal of bone, 98
Head, 413, 415

and neck
ANS regional distribution, 142, 142–143
primary and endpoints, 825
regional lymph drainage, 198, 198

and suboccipital region
anterior/extended occiput left, 502
arterial supply

Circle of Willis, 494
external carotids, 493–494
internal carotids, 493, 498
lymphatic drainage, 495, 499
venous drainage, 494–495, 498
vertebral arteries, 494

articulatory techniques, 771, 771
biomechanics and motion, 499–500
connective tissue, 491, 493–495
descriptive and functional anatomy

adult skull, 484, 485–490, 491t
infant’s skull, 484–486

ethmoid sinuses, 486
frontal sinuses, 486
history, 503–504
mandible, 489–490
maxillary sinuses, 487
migraine headache, 508–510
muscles and fascia of, 490–491
myofascial release, 719, 719
myofascial triggerpoints, 491, 492, 493t
neurologic structures

cranial nerves, 491, 496t–497t
parasympathetics, 491, 497

sympathetics, 491–493, 498
upper cervical nerves, dorsal rami of, 493

occiput (C0)-atlas (C1) articulation, 487
otitis media, 511–512
paranasal sinuses, 486
patient evaluation, 503
physical examination, 504–505
posterior/fl exed occiput right, 500
sensory organs, 495, 498–499
soft tissue technique, 769, 770, 771
sphenobasilar synchrondosis, 503
sphenoid sinuses, 486–487
syndromes, 505–508
teeth, 487–489
tempomandibular joint, 490, 502–503

syndrome, 510–511
Headache

migraine, 508–510, 923
tension, 507–508, 508t

Head-suboccipital somatic dysfunction, HVLA 
treatment, 673–674, 674

Health promotion and maintenance
automobile accidents, 382
causes of death, 378t
doctor–patient relationship, 383–384, 385t
exercise pyramids

alcohol, 382
obesity, 380–381, 381b
personal safety, 382
substance abuse, 381
tobacco, 381–382

family and work, 383
global burden of disease (GBD), 377–378
home, 382
nutrition, 378
physical activity, 379
sexuality, 382–383
USDA MyPyramid, 379
Vegan Food Pyramid, 380

Heart
innervation of

parasympathetic, 124–125, 125
sympathetic, 123, 123–124, 124

nerve supply of, 144
Heart failure

changes occurring in, 897b
chest x-ray, 891
diagnosis, 890–892, 891, 891b
evaluation of, 891, 891b
fl uid overload, 894
osteopathic patient management

behavioral model, 898–899, 899
biomechanical model, 893, 893–894
metabolic energy model, 897–898, 897b
neurologic model, 896–897, 896t
respiratory-circulatory model, 894–896, 895

Heilig formula, 466t
Hepatobiliary tree and pancreas, 153–154
High velocity low amplitude (HVLA) 

techniques. See also Thrust (high-
velocity/low-amplitude) techniques.

Hip
balanced ligamentous tension, 812, 812–813
biomechanics, 108–110, 109
femur, 605–606, 606
ligaments, 606, 607
low back pain, in pregnancy, 969
structure, 605, 605, 606
structure–function relationships, 606–608, 607

Hip drop test, 426, 427, 567
Hippocrates, 9, 12, 15, 366, 401, 437, 847
Home safety, 382
Homeopathy, 25, 928
Homeostasis, 257

components of, 705, 706t
disease state, 706–707
neurorefl exive coordination, 706
palpation, 705–706

Homeostenosis, 881
Hooke law, 702
Hospitals, osteopathic, 32–33
Housemaid’s knee, 633
HPA axis, psychoneuroimmunology 

mechanisms, 277–278
Hulett, C.M.T., 14
Hulett, G.D., 15
Human immunodefi ciency virus (HIV) 

infections, biobehavioral mechanisms, 
1066

Hyaline cartilage, 99–100, 100
Hyperalgesia

primary, 255
secondary, 237, 255

Hypothalamic-pituitary-adrenal (HPA) system, 
258

Hypothesis testing, biobehavioral research, 1069
Hysteresis, 701

I
Iatrogenesis, 876
Ilia, 577
Iliac crests, body symmetry, 411
Iliolumbar ligament, 550–551, 551

pain pattern, postural imbalance, 449
syndrome, 573

Iliopsoas hypertonicity, 567
Iliopsoas muscle, 551
Iliosacral motion, 427, 427–428
Iliosacral somatic dysfunctions, 588, 588–589, 

590t
Ilium, HVLA treatment, 677–678, 678
Immune system

biobehavioral mechanisms, 1066
chronic pain management, 258
geriatrics, changes in, 305

Impingement syndromes, 658
Inclusion and exclusion criteria, 1036
Incontinence, dementia, 876–878
Inertia, 94
Infants, 299–300

See also Pediatrics.
cranial dysfunction, 738–739, 739–741, 740
history, 504
physical examination, 505
skull, 484–486

Infectious disease, biobehavioral mechanisms, 
1066

Infl ammation
biobehavioral mechanisms, 1066
and lymphatic system, 191–193

Informed consent, 1025
Innervation

of fascia, 81–82
of heart

parasympathetic, 124–125, 125
sympathetic, 123, 123–124, 124

of lymphatic system, 195
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Innominate, 1094, 1095
Innominate dysfunction

See also Pelvis, and sacrum.
functional technique, 842–843, 843
muscle energy techniques, 694, 694

INR. See Integrated neuromusculoskeletal 
release.

Insomnia management, 294, 294t
Institutional review board authority, 1024–1025
Instrumentation, biobehavioral research, 1070
Insular cortex (IC), 243, 243
Integrated neuromusculoskeletal release (INR)

tethering, 709, 709b
tight-loose concept exercise, 709–710, 709b

Intercarpal joints, 641
Intercostal muscle

external, 206
innermost, 208, 210
internal, 207–208

Interleukin-6, biobehavioral mechanisms, 1066
Intermittent airway obstruction, 884
Intermuscular septa, 68
Internal oblique muscle, 209, 213
International Federation of Manual/

Musculoskeletal Medicine (IFMM), 
1080

International osteopathic profession 
development

Australia, 49–50
Belgium, 51
Canada, 47–48, 48b–49b
continental Europe, 50–51
education and impact on globalization, 47
France, 51
Germany, 51
Japan, 52
and manual medicine in, 47
New Zealand, 50
Russia, 52
Switzerland, 51–52
United Kingdom, 48–49

Interosseous membrane dysfunction, 654, 654
Interspinous ligament, 550
Intervertebral disc, 112, 547
Intervertebral foramen, 549–550
Intervertebral motion restriction, facilitated 

positional release (FPR), 816
Irritation, PINS method, 829
Irvine study, 1027
Ischemic heart disease. See Heart failure
Isokinetic strengthening, 685–686
Isolytic lengthening, 686

J
Jacques Weischenck, D.O., 846
Japan, 52
Jenner, 13
Joint injury

behavioral model, 950
biomechanical model, 949
differential diagnosis, 947, 948t
functional anatomy, 947–949
history, 946
integrative treatment, 950–951
metabolic-energy model, 950
neurological model, 950
osteopathic patient management, 949
osteopathic structural exam, 947

patient diagnosis, 947
patient outcome, 951
physical examination, 947
physiology, 949
respiratory/circulatory model, 949–950
risks and benefi ts, manipulative treatment, 951

Joint reaction force, 105
in knee, 108

Joints, small-fi ber system, 233
Jones, Lawrence H., 749, 750, 833
Journal of the American Osteopathic Association 

(JAOA), 1029, 1034
future research, 1076

K
Kidney, 154

geriatrics, changes in, 305
innervation of, 155

Knee, 413, 415
biomechanics

intra-articular movements, 108
joint structure, 108
movement effi ciency, 108
muscle forces, 107–108
range of motion, 107
reaction stress forces, 108

body symmetry, 410
diagnostic testing, 611–612, 612
joint, 108
ligaments and cartilage, 608–610, 610, 611
motions of, 611
Q-angle and patella, 610–611, 611
structure, 608, 608, 609

Korr, Irvin M., 7–8, 15, 15b, 16
research in OMT, 1022

Kyphosis, respiratory muscle pathology, 220

L
Labor and delivery, 741–742
Labyrinthitis, acute, 914
Lachman test, 609, 611
Lamina, lumbar region, 548–549
Laminin, 86, 88
Large-fi ber system

control of, 230
discrimination and proprioception, 229–230, 

230t
dorsal column–medial lemniscal system, 231

Lasègue test, 564–565, 565
Lateral compartment syndrome, 635
Lateral epicondylitis. See Tennis elbow.
Latissimus dorsi muscle, 552
Left lymphatic duct (LLD), 558
Legs, body symmetry, 410
Levatores costarum, 208, 211
Lewy body dementia

diagnosis, 877, 878t
resources for physicians, 881b

Lhermitte sign, 520
Licensure, 43
Life stages, 55

adolescence, 302–303
adult development, 303
age one to fi ve, 300–301
geriatrics, 303–310. See also Geriatrics.
infancy, 299–300
prenatal period, 298–299

school age child, 301–302, 301t, 302t
Lifting, lumbar spine, 114
Ligamentous articular strain (LAS) technique. 

See Balanced ligamentous tension.
Ligaments

biomechanics, 101, 101–102
lower extremities, 615–616, 617–619, 

618–619
lumbar region, 550–551, 551
palpation of, 402
pelvic and sacrum, 578, 578, 579
PINS method, 826–827
visceral, 80–81

Ligamentum fl avum, 550
Limb girdle muscles, of respiration, 213–214, 

218
Lippincott, Howard A., 832
Literature sources, 1029, 1033–1034, 1078
Liver, 790

articulatory technique, 784, 784
geriatrics, changes in, 305

Load bearing, in biomechanics, 95
Locomotion biomechanics, 115, 115
Lordosis, 415–416, 473
Low back pain (LBP)

assessment of, symptoms, 543, 544
differential diagnosis, 1008–1010, 1009–1011t
epidemiology of, 542
key concepts, 1006
nonspecifi c, osteopathic manipulative 

approach, 572, 573t
osteopathic patient management

behavioral model, 1015–1016
biomechanical model

coccydynia, 1014
degenerative disc and joint disease, 1013
muscular and ligamentous structure, 1010, 

1012
piriformis syndrome, 1013–1014
psoas syndrome, 1014
sacroiliac joint pain, 1014
short leg syndrome, 1014
somatic dysfunction, 1012–1013, 1012b, 

1013t
TART and FABERE, 1012

metabolic-energy model, 1015
neurological model, 1014–1015
respiratory/circulatory model, 1014

patient outcome, 1016
plan and diagnosis, 1008
in pregnancy

causes of, 968t
evaluation and treatment plans, 970
hip pain, 969
history and physical examination, 967
key concepts, 967
lumbosacral plexopathies, 969
neuropathies, 968–969
organic causes, 969–970
osteopathic manipulative treatment, 971, 

971b
osteopathic patient management, 

970–971
overview, 968
spondylolisthesis, 969
treatment considerations, 971–972
vascular causes, 969

Psoas syndrome, 572–573
specialist referral, 1016–1017
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Lower extremities, 602–637
ankle, 612–615, 613–617
articulatory techniques, 778, 778, 779
compartments in, 634–635, 635
foot, functional arches, 617–618, 618
hip, 605–607, 605–608
HVLA treatment

posterior fi bular head thrust, 678–679, 679
tibio-talar tug, 679, 679

key concepts, 602
knee, 608–612, 608–612
medial stabilizing ligaments, 615–616, 617, 618
metatarsal and phalageal, 619–620, 620
muscle energy techniques, 694, 694–695
myofascial release, 718, 718, 721, 721–722, 

725, 725
osteopathic management, 635–637, 636
plantar ligaments and fasciae, 618–619, 619
regional lymph drainage, 197
regional relevance, 602–603
soft tissue technique, 777, 778
soma, structure and function

neuromuscular
differential diagnosis, 621, 621–628, 

622, 628
foot drop, 630–631
hip-thigh, 623t–624t, 629, 629–630
knee-leg-foot, 624t–627t, 630, 630

skeletal, arthrodial, ligamentous
bones and joints, 603, 603
differential diagnosis, 603–604
ligamentous sprain classifi cation, 605
pain quality and referral, 604–605, 604t

strains and counterstrain techniques, 760–761, 
761

swelling, in pregnancy
contraindications to OMT, 964
differential diagnosis, 962, 962b
history and physical examination, 961
integrative treatment, 964–965
key concepts, 961
osteopathic patient management, 

963–964
passive venous congestion, 962–963

systemic relevance, 602
transverse tarsal joint, 616–617
vascular and lymphatic elements

arterial supply, 631–632, 632
bursae and bursitis, 633, 633–634, 634
drainage, 632

Lower limbs, 58–59, 59–61, 61
Ludwig angina, 922
Lumbar

compression fractures, 573–574
disc protrusions, 599
extension, 426
facet joints, 548, 549
plexus, 557
spine, 114
spring test, 689–690, 690

Lumbar region, 425–426, 425–427, 542–574
anatomy of

anterior elements, 547
biomechanical motion, 558, 558–559
intervertebral foramen, 549–550
ligaments, 550–551, 551
lumbosacral dorsal rami, 556–557
muscles and fascia, 551–552, 552
posterior elements, 547–549, 548t, 549

self-bracing mechanism, 552–555, 
553t–554t, 555

somatosympathetic nerves, 557, 557–558
spinal nerve roots and spinal nerves, 

555–556, 556, 556t
vasculature and lymphatics, 558

articulatory techniques, 773–774
bone scintigraphy, 570–571
diagnostic imaging

AP radiograph, 570
asymptomatic patients, 568–569
CT scan, 570
MRI, 570
radionuclide imaging, 570–571
X-Rays, 570

electrodiagnostic studies, 572–574, 573t
epidemiology of low back pain, 542
facilitated positional release (FPR), 818, 

819–820
family history, 545
functional technique, 837–838, 837–839
HVLA treatment, 676–677, 676–677
innervation of, 555, 555
integrated physical examination of

active motion testing, 560
atypical fi ndings, 564, 564
Fryette type 1 mechanics, 561–563, 562, 563
Fryette’s type II mechanics, 563–564
Jones tender points, Chapman refl exes, 

567–568, 568, 569
neurologic testing and muscle strength, 556t, 

560–561
observation and gait, 559–560
other body systems, 560
palpation and motion testing, 561
specifi c tests, 564–567, 565, 566, 567
standing posture, 560

key concepts, 542
laboratory tests, 571–572
muscle energy techniques, 688–689, 689
myofascial release, 716, 716, 720, 721, 724, 

724–725
occupational history, 545–546
patient history

etiology, 543–545, 544, 545t
quality and intensity, 543
trauma, 543

soft tissue technique, 773, 773
strains and counterstrain techniques, 759, 759
triple phase bone scan, 570–571

Lumbar-sacrum-pelvis treatment, 599–600
Lumbolumbar angle (L2-L5), 1088
Lumbosacral angle (S1-horizon), 1088
Lumbosacral anomalies, 546, 546–547
Lumbosacral dorsal rami, 556–557
Lumbosacral instability, 599
Lumbosacral lordotic angle, 1088
Lumbosacral plexopathies, 969
Lumbosacral somatic dysfunction, 743–744
Lymph. See Lymphatic system.
Lymph nodes, 790
Lymphangion, 790, 790, 792
Lymphatic drainage, 495, 499, 500
Lymphatic pumps, 801t–802t, 804
Lymphatic system

abdominal region, 663, 664
anatomy and physiology of, 54
anatomy of

cytoarchitecture of, 193

initial lymphatics, 193, 194
scheme, 194

cardiology, 894, 895
case study, 786, 805–807
cervical spine, 517–518
collecting vessels, 193–194, 194, 195
functions of, 788, 789t
head and neck, 993–994, 994
and infl ammation, 191–193
innervation of, 195
key concepts, 786
lower extremities, 631–632, 632
lumbar, 558
lymph fl ow, physiology and mechanics of, 

199–204
osteopathic technique, history, 787–788, 788
pelvic and sacrum, 580–581, 581
physiology and homeostatic mechanisms

formation phase, 791–792, 792
terminal drainage phase, 792, 792, 793
vascular phase, 791, 792

regional lymph drainage
abdomen, 198, 201–202
head and neck, 198, 198
peripheral tissues, 195–196, 197, 198
peritoneal and pleural fl uid, 198
thorax, 196, 198, 199–200

respiratory-circulatory model
indications and contraindications, 793, 793, 

796, 794t–795t
principles of diagnosis, 796, 796–797
safety and effi cacy, 796
treatment

evidence-based physiological outcomes of, 
798–799

mechanisms of, 797–798, 798
principles of, 797
technique order, 799–805, 800t–802t, 803

roles, 787
structural components

embryology, 788
lymph fl uid, 791
lymphatic vessels, 790–791, 790–791
organized lymph tissues, 789, 790

systematic, 787
tissue fl uid homeostasis and, 192
upper extremities, 644–645, 645

Lymphatics, 72
thoracic region and rib cage, 536, 537

Lymphedema in pregnancy, 963

M
Macrophages, 85
Magnetic healing, 25
Magnetic resonance imaging (MRI), 523

cervical spine, 523
of lumbar spine, 570

Magnetoreception, 174
Malingering test, 567
Mandible, 489–490
Mast cells, 85–86
Mastoid processes, 413
Mastoiditis, 919
Material safety data sheet (MSDS), 331
McConnell, Carl P., 831–832
McMurray meniscal tests, 608, 610
Mechanotransduction, 88

actin role, 89–90
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Medial stabilizing ligaments, 615–616, 617–618
Median nerve, 646
Medical decision making, 316
Medical student training, OMM research, 

1058–1059
Medications

classic osteopathic philosophy and patient 
care, 12–13

MEDLINE, 1029
neck pain, 523–524

Memantine, 880
Membranes, intracranial and intraspinal, 730–733
Meniere disease, 914
Meningeal fascia, 78, 81
Meninges, small-fi ber system, 234
Mesenteric ganglia

inferior, 150–157
superior, 150, 152

Mesenteries, lumbar, 552, 555, 555
Meta-analysis research, 1026
Metabolic energy model

abdominal pain, 1004
asthma, 887
CGH, 942
COPD, 936
dementia, 881
dizziness, 916
lower extremity edema, in pregnancy, 964
multiple small joint disease, 957
myalgia, 978
neck pain, 985
in patient assessment and treatment, 6–7
pregnancy, low back pain in, 970–971
rhinosinusitis, 997
shoulder pain, 950

Metacarpophalangeal (MP) joints, 642, 642t
MFR. See Myofascial release technique.
Middle ear infections. See Acute otitis media.
Migraine, 508–510, 923
Mind-body medicine

history, 360
management of, 362–363
neuropsychophysiologic mechanisms of, 

360–361, 361
patient care, 363
physical, psychological, and social interactions, 

359, 360t
psychological issues, 361–362, 362t

Mitchell model, 590–591, 594t
Models, theoretical, 1026
Moment arm, 94, 105
Mood disorders and immune function, 279–280, 

279t
Motion, 518

and forces, in three-dimensional space, 94, 
94–95, 95

of knee, 611, 612, 612
pelvis and sacrum

axes of motion, 583
innominates, 582–583
normal walk cycle, 287t, 586–588, 588
pubes, 583
sacroiliac joint stability, 584
sacroiliac motion, 583–584
self-bracing mechanism, 584

shoulder, 648–649, 650t
Motion perception, palpatory examination

spinal motion and paravertebral tissues, 408
tissue texture abnormality, 408

upper thoracic fl exion-extension, 408
Motor examination, 263–266
Motor neuron, 519–520
Motor unit, 63, 65

nerve and muscle relationship, 102–103
Mucociliary transport, nose and paranasal 

sinuses, 991–992, 992, 994–995
Multifi dus muscle, 551
Multiple small joint disease, elderly patient

differential diagnosis, 953, 953t
functional anatomy, 954–955
history, 952
integrative treatment

osteopathic manipulative treatment (OMT), 
958

pharmacologic treatment, 958
physical and occupational therapy, 958–959
sequence, 959
surgical intervention, 959

key concepts, 952
manifestations of, 955
motion, posture, and biomechanics, 955
osteopathic patient management

behavioral model, 957–958
biomechanical model, 956
metabolic energy model, 957
neurological model, 957
respiratory/circulatory model, 956–957

pathophysiology
osteoarthritis, 955–956
rheumatoid arthritis, 956

patient outcome, 958
patient’s diagnosis, 954
physical examination, 953

Muscle energy techniques
defi nition, 682
diagnoses and treatment

cervical somatic dysfunction, 687, 687–688, 
688

craniocervical somatic dysfunction, 686, 
686–687

diaphragm redoming, 696–697, 697
lower extremity somatic dysfunction, 694, 

694–695
lumbar somatic dysfunction, 688–689, 689
pelvic somatic dysfunction

hamstring shortening and contracture, 
693–694

innominate dysfunction, 694, 694
severe acute hamstring strain, 693, 693
superior pubic bone, 692–693, 693

ribs, 695–696, 696
sacral somatic dysfunction

bilateral and unilateral extended sacrum, 
692, 692

motion test, 689–691, 690
relative position, 689, 689
torsion, anterior nad posterior, 691, 

691–692
thoracic somatic dysfunction, 688, 688
upper extremity somatic dysfunction, 695, 695

effi ciency factors, 683–684
history, 682–683
indications and contraindications, 683
key concepts, 682
physiologic principles

crossed extensor refl ex, 685
isokinetic strengthening, 685–686
isolytic lengthening, 686

joint mobilization, 685
oculocephalogyric refl ex, 685
postisometric relaxation, 684–685
reciprocal inhibition, 685
respiratory assistance, 685

sequential steps, 684
Muscles

See also specifi c muscles.
abdominal region, 661
contraction, 103, 103–104
hip, 623t–624t, 629, 629–630
lumbar region, 551–555, 552, 553t–554t, 555
in obstructive lung disease, 934
palpation of, 402, 403
pelvic and sacrum, 579–580
PINS method, 824
small-fi ber system, 233
thigh and leg, 624t–627t, 630
thoracic region and rib cage, 530, 531t–535t, 536

abdominal diaphragm., 537
erector spinae groups, 536

upper extremities, 642–644, 643t–644t
Muscular relaxation, stress management, 295
Muscular restriction, segmental motion testing

back muscles, 435
deep segmental spinal muscles, 435
intermediate spinal muscles, 435

Musculoskeletal, immune, neurologic, and 
endocrine (MINE) systems, 256, 256

Musculoskeletal system
anatomy

cartilage and bone, 61, 63–64
connective tissues, 61, 62
function of

joint play, 66
motor unit, 63, 65
synovial and nonsynovial joints, 65–66, 

65–67
injury, response to, 61–62
skeletal muscle, 61, 65

biomechanics, 53
center of rotation, 107
force moments, 104–105, 105
joint structure, 106
joint surfaces, 106–107
load resistance, 105
mechanical advantage, 106
range of motion, 106
segment movement, 104
tendon actions, 105–106

chronic pain, management of, 258
geriatrics, changes in, 305
osteopathic perspective

approach to, 326–327
cardinal questions, 328
evaluation and management, 328–330
issues and medical diagnoses, 327–328
organic pain, 328
OSE, 327

osteopathic philosophy
adverse infl uences on, 17–18
body economy, relation to, 17
in human biology and behavior, 19
humanity and individuality, 17
personal context, importance of, 18
visceral dysfunction, 17

public health
death and disability, causes of, 325t
economic impact, 326
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Musculoskeletal system (Continued)
expenditures, 325
functional approach to, 324, 324t
health policy, 325
initiatives and prevention strategies, 326
and medical care, 323
mortality, 325t
prevalence, 325, 326
utilization, 325

Myalgia, in adult
diagnosis, 976–977
differential diagnosis, 975, 976t
history and physical examination, 974–975
key concepts, 974
osteopathic patient management, 977–978
patient outcome, 978
workup and interpretation, 975–976

Myofascial release (MFR) technique
bioelectric fascial activation and release 

(BFAR), 710–711
bioenergetic model, 700, 700t
case study, 698
clinical cases, 713
description of, 698–699
diagnoses and treatment techniques

by Chila
head and suboccipital region, 719, 719
lower extremity, 721, 721–722
lumbar region, 720, 721
ribs, 720, 720
sacrum and pelvis, 720–721, 721
thoracic region, 720, 720
upper extremity, 722, 722, 723

by O’Connell
abdomen, 725–726, 726
head and cervical region, 722–723, 723
lower extremity, 725, 725
lumbar region, 724, 724–725
sacrum and pelvis, 725, 725
thoracic region, upper extremity, and ribs, 

723–724, 724
by Ward

head and cervical region, 714, 714–715
lower extremity, 718, 718
lumbar region, 716, 716
pelvis, 717, 717–718
ribs, 715, 715
sacrum, 716, 716–717
thoracic region, 715, 715
upper extremity, 718–719, 719

fascial ligamentous release, 708–709
history, 699–700
homeostasis

components of, 705, 706t
disease state, 706–707
neurorefl exive coordination, 706
palpation, 705–706

indications, contraindications, and 
complications, 707

integrated neuromusculoskeletal 
release (INR)

tethering, 709, 709b
tight-loose concept exercise, 709–710, 

709b
key concepts, 698
layered dysfunctional patterns, 711, 711b
mechanism of action

collagen mobility, 700, 700
embryologic plasticity, 700
Hooke law, 701

migratory segmental differentiation, 701, 702
muscle fi ber structure, 703
physical properties of muscle, 701, 703t
piezoelectric properties of collagen, 

701–702, 704, 705t, 706
proprioception, 704
Wolff law of bone transformation, 701

special considerations in diagnostics, 707–708
trauma history, 712–713, 712t
trauma patterns, 711–712
types of, 699

Myofascial trigger points (TPs), 491, 492, 493t
Myofi broblasts, 85, 85
Myotomes, lumbar, 558

N
NAAMM, 47
Nachlas test, 565, 565
Nasal steroids, 996
National Center for Complementary and 

Alternative Medicine (NCCAM), 1041
National Institutes of Health (NIH), 1022
National Library of Medicine (NLM), 1029
Neck

anterior muscles of, 516
pain

case study, 979–981
differential diagnosis, 981–982, 981t
evidence for, 525
key concepts, 979
manual manipulative techniques in, 525–526
non-work-related risk factors, 986b
osteopathic patient management

behavioral model, 985–987
biomechanical model, 982–983
metabolic energy model, 985
neurological model, 984–985
respiratory/circulatory model, 983–984, 

984b
radicular, characteristics, 986b
specialist referral, 987–988
treatments for

collars, 523
injections, 523
medications, 523–524

whiplash-associated disorder (WAD), 982
work-related risk factors, 986b

posterior muscles of, 515
Neocortex, 223
Neonatal, cranial dysfunction, 739–741, 740
Nerve conduction velocity, 572
Nerve growth factor (NGF), 130
Nerves

See also Autonomic nervous system; central 
nervous system; peripheral nervous 
system.

abdominal region, 661, 661–662, 662
body unity, 71–72
lower extremities, 621, 621, 629, 630, 630
and muscle relationship, motor unit, 102–103
pelvic and sacrum, 581–582, 582
PINS method, 824
small-fi ber system, 233
upper extremities, 645–646

Nervous system, chronic pain, management, 258
Neurological model

abdominal pain, 1002–1004
asthma, 886–887
CGH, 942

chronic pain management, 262
in COPD, 935–936
dementia, 880
dizziness, 916
lower extremity edema, in pregnancy, 964
multiple small joint disease, 957
myalgia, 977–978
neck pain, 984–985
pain and depression, 906–907
in patient assessment and treatment, 6
pregnancy, low back pain in, 970
rhinosinusitis, 996–997
shoulder pain, 950

Neuromuscular system, inhibition. See 
Progressive inhibition of neuromuscular 
structures.

Neuromusculoskeletal development, anatomy
cells, migration of, 57
somite differentiation, 56, 57
trunk, 57–58, 58
upper and lower limbs, 58–59, 59–61, 61

Neurons, impulse trains, 169–170
Neuropeptide, 236–237
Neurophysiology

cardiac control, 123
heart innervation

parasympathetic, 124–125, 125
sympathetic, 123, 123–124, 124

integrative function, 126–127
key concepts, 118
nociceptive input, 127–130
nonimpulse-based integration, 130–131
in osteopathic profession, 119
refl ex, 119–121, 120, 121

excitability, 127
interactions, 121–123
structure, 120–121

somatic afferents and baroreceptor control, 
126, 126, 127

somatosomatic, 121
visceral function control, 125, 125–126, 126
viscerovisceral, 121

New Zealand, 50
Nociception, 54

See also Pain.
acute vs. chronic pain, 229
distinction between, 229
dorsal horn, 235–239
headache, 941
key concepts, 228
lumbar spine, 561
nerve damage and, 235
peripheral nervous system

compartments of, 229
large-fi ber system

control of, 230
discrimination and proprioception, 

229–230, 230t
dorsal column–medial lemniscal system, 

231
primary afferent neurons, 229, 230

primary afferent neurons. See Primary afferent 
neurons.

small-fi ber system
activation, 234, 234, 235t, 236
anterolateral/spinothalamic system, 232
dorsal horn, 230–231, 233
location, 233–234
output of, 233

spinal cord and, 235, 236

Chila_Index.indd   1122Chila_Index.indd   1122 8/6/2010   5:14:52 PM8/6/2010   5:14:52 PM



 INDEX 1123

Nose, physical examination, 505
Null hypothesis, 1030
Number needed to harm (NNH), 397
Number needed to treat (NNT), 396
Nutation, 585
Nutrition, 378

O
Obesity, 380–381, 381b

structural changes, 219, 219–220
systemic disease, 220

Occipital motion testing, C0-C1, 521, 521
Occipito-atlantal (O-A) joint, 518

muscle energy techniques, 686, 686–687
Occipitocervical region, strains and 

counterstrain techniques, 758, 758
Occiput-atlas joint, 487
Oculocephalogyric refl ex, 685
Odds ratio (OR), 397, 397t
Onuf ’s nucleus, 158
Oral cavity, physical examination, 505
Oropharyngeal muscles, of respiration, 

214, 219
Orthotics, spondylolistheses, 479–480
Ortolani test, 605, 605
Oscillations. See Physiological rhythms/

oscillations.
Oscillators, 172–173
Osteoarthritis

pathophysiology, 955–956
pulsed electric device (PEMF) stimulation, 958

Osteopathic manipulative medicine (OMM)
challenges in profession, 1041t
research activities

challenges and opportunities, 1043–1046, 
1044–1045t

types of, 1046
research funding and resource allocation, 

1049–1050
research leadership, 1043
research training, 1050

Osteopathic manipulative treatment (OMT), 
460–461, 461, 470

abdomen, 666–668
asthma, 887–888
cervicogenic headache, 942
geriatric, 879
in pregnancy, 961–965, 971
of rheumatoid arthritis, 958

Osteopathic patient therapy, rhinosinusitis, 
996–997

Osteopathic philosophy
classic, 11b

of disease
body fl uids and nerve activity, 12
causes, 12
holistic aspects, 12

of health
mechanics and, 11
nerve activity and body fl uids, 11–12

and patient care
comprehensive treatment, 13
individualized treatment, 13
mechanical approach, 13
medications, 12–13
vaccinations, 13

ECOP, 3–4
evolution of, 15–16
historical development, 13–15

models in, patient assessment and treatment, 
4, 5t, 14t

behavioral model, 7
biomechanical model, 5
metabolic-energy model, 6–7
neurologic model, 6
respiratory-circulatory model, 5–6

musculoskeletal system in, 17–18
origins of, 9–10
person as a whole, 16–17
personal health care systems, 18–21
principles as practice guidelines, 7–9, 7b, 19

components of, 7
doctor-patient relationship, 8
musculoskeletal system in, 19
patient care, 8–9
whole-person care, 19

professionalism, 352
psychoneuroimmunology (PNI), 277

Osteopathic Postgraduate Training Institution 
(OPTI), 42

Osteopathic Research Development Fund 
(ORDF), 1060

Osteopathic Research Task Force (ORT), 1040
Osteopathic structural examination (OSE), 

327, 329t
Osteopathy

cranial. See Cranial region.
defi nition of, 11, 20–21
education and regulation

AACOM, 38
vs. allopathic education, 41t
AOA CORE competencies, 42t
application process, 37, 37t
aspirations and preparation, 36
boards, 43
clinical curriculum, 40
COMLEX-USA, 40–41, 41t
continuing medical education (CME), 44
COPT and OPTI, 42
credentials and privileging, 44
curriculum, 37–38, 39t
licensure, 43
postdoctoral, 41–42
preclinical curriculum, 40
professional organizations, 44–45, 44t, 45t
residency search and selection, 42–43
scholarship and research, 38, 40

history of
education and growth

confl ict with AMA, 28
curriculum, 28–30, 29t
research, 30
schools, 26–28, 30

federal government recognition, 32, 32
hospitals, 32–33
organizations, 31–32
specialties, 32–33
state licensure, 30–31

manipulative treatment
assertiveness training, 294
biofeedback, 295
cognitive behavioral counseling, 293, 293
evaluation steps, 293
group support, 295
insomnia, 294, 294t
muscular relaxation, 295
osteopathic manipulative therapy, 292–293
patient education, 294
problem solving, 293–294

social support, 295
spiritual support, 295

philosophy. See Osteopathic philosophy.
physicians and

allopathic medicine, 335–336
chiropractors, 336
complementary and alternative medicine 

(CAM), 336, 337
referral patterns, 336

Otitis externa, 919
Otitis media, 511–512, 920–921

cranial dysfunction, 741
Outcomes research

cost effectiveness, 1082
osteopathic research, 1027

Ovary, ANS regional distribution, 157–158

P
Pain

abdominal, 661–662, 662, 999–1005
acute, 254
ascending pathways for

allostatic mechanisms, 248–249
amygdala, 243, 245
anterior cingulate cortex (ACC), 243, 

243–244
anterolateral system in, 240, 240
behaviors and problem-solving processes, 

247–248
cerebellum and basal ganglia, 245–246
cerebral cortical pain matrix, 241–242, 242
endogenous pain control systems, 246–247
insular cortex (IC), 243, 243
lateral pain system, 240–241, 241
matrix, 246, 246
medial pain system, 241, 241
perception, 247
prefrontal cortex (PC), 244, 244–245
somatic sensory cortex (SCC), 242, 242–243
spinoreticular tracts, 240
spinothalamic tract, 240
and stress, 248
thalamic representation of, 240, 241
thoughts, feeling, and words, 248

cervical spine, epidemiology of, 513
cervicogenic headache (CGH), 941
chronic

back pain, 903
behavioral model, 907
biomechanical model, 904–906
chronic care, 908
differential diagnosis, 904, 905
family and spouse response, 903–904
key concepts, 903
management of, 54
neurological model, 906–907
osteopathic patient management, 904
respiratory-circulatory model, 906

chronic, management of
active listening, 260
allostasis, 257
assessment/diagnosis, 262t, 263t
autonomic dysregulation, 259
biopsychosocial interventions, 267t
Default Mode Network (DMN 

dysregulation), 259
dysregulation, 257
endocrine dysregulations, 259
endocrine system, 258
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Pain (Continued)
endogenous opioid system, 255
exercise and

interdisciplinary rehabilitation, 269
McGill Pain Questionnaire, 271
medications for, 269
opioid-induced hyperalgesia, 269
patient education, 268
psychological factors, 270t
suffering, 272

homeostasis, 257
immune system, 258
immune system dysregulation, 259
lateral system, 255
medial system, 255
MINE system, 256, 256
motor examination

autonomic model, 264–265
behavioral model, 265–266, 266t
cerebellar/motor examination, 264
formulation and execution of, osteopathy, 

266
perception, 264t
respiratory/circulatory testing, 265
suffering and, 264t

musculoskeletal system, 258
nervous system, 258
nested systems, 258
neurologic model, 262
nociceptive activity, 263
osteopathic assessment of, 260, 260t
osteopathic treatment, evidence based and 

comprehensive, 266–267
plasticity, 255
primary hyperalgesia, 255
secondary hyperalgesia, 255
sensory dysregulation, 259
sensory examination, 263
stress, 257
wellness, 261

defi nition, 253
ear, in child, 918–929
low back, acute. See Low back pain.
management

end of life care, 388
neck

case study, 979–981
differential diagnosis, 981–982, 981t
key concepts, 979
non-work-related risk factors, 986b
osteopathic patient management

behavioral model, 985–987
biomechanical model, 982–983
metabolic energy model, 985
neurological model, 984–985
respiratory/circulatory model, 983–984, 

984b
radicular, characteristics, 986b
specialist referral, 987–988
work-related risk factors, 986b

nested spheres of, 253, 254
nociception and, 54, 254
osteopathic model of, 259
referred, 1003

lower extremities, 621–628, 622, 623t–627t, 
628

suboccipital, 525
Palpation

See also Touch.

abdomen, 666, 667
acute/chronic somatic dysfunction, signs of, 405t
bone, 402
cervical spine, 520–521
Chapman refl exes, 855–856, 856, 857t
cranial region, 736–737
defi nition, 401
erythema friction rub, 402–403, 404
exercises

dominant eye, 404–405, 406
dominant hand, 404
forearm, 406–407
inanimate objects, 403
layer palpation, 405–406
sensitivity, 407

layer-by-layer approach, 401
ligaments, 402
lumbar region, 561
motion perception

spinal motion and paravertebral tissues, 408
tissue texture abnormality, 408
upper thoracic fl exion-extension, 408

muscle, 402, 403
observation, 401, 402
primary and endpoints, 828
skin topography and texture, 401–402
superfi cial fascia, 402, 403
temperature, 401, 402
tendons, 402
upper extremities, 647
viscera, 848

Pancreas, 153–154
Pannicular fascia, 76, 76–77, 77
Parasympathetic nervous system, 137, 139–140, 

142
head and suboccipital region, 491, 497
heart innervation, 124–125, 125

Paravertebral ganglia, 139
Passive venous congestion, in pregnancy, 

962–963
Patellar bursitis, 633, 634
Patient care

principles of, 352
spirituality and health care, 368, 369b

Patient education
dizziness, 917b
environmental issues, 333b
psychoneuroimmunology (PNI), 281–282
stress management, 294

Patient evaluation, 503
Patient rapport, 315–316
Patient Self-determination Act of 1991, 388
Patient-centered care, 316–317, 316b–317b, 319

approach to, improvement, 374–375
doctor-patient communication, 372–373
medical encounter, 371
systems of, 372

Patrick FABERE test, 607, 607
Patterning, 444, 444–445
Pectus excavatum, 415
Pediatrics

asthma, respiratory dysfunction, 883–888
ear pain, 918–929

Pedicles, 547, 548t, 1110
Pelvic fl oor dysfunction, 599
Pelvic girdle stability, 600
Pelvic index (PI), 1099
Pelvic sideshift, 592
Pelvis, 413

articulatory techniques, 776–777, 776–777
fascias of, 83
HVLA treatment

extremities
lower, 678–679, 679
upper, 679, 679–680

ilium, 677–678, 678
sacrum, 677–678, 678

muscle energy techniques
hamstring shortening and contracture, 

693–694
innominate dysfunction, 694, 694
severe acute hamstring strain, 693, 693
superior pubic bone, 692–693, 693

myofascial release, 717, 717–718, 720–721, 
721, 725, 725

and sacrum
anatomy of

growth and development, 577
ilia and coccyx, 577
ligaments, 578, 578, 579
muscles and connective tissue, 579–580, 

580
nerves, 581–582, 582
pelvic articulations, 577–578, 578
rotator cuff muscles, hip, 579, 580
skeletal/ligamentous, 577
spinal articulations, 577
vascular/lymphatic, 580–581, 581

causes of sacroiliac dysfunction, 598–599
complaints of pelvic pain, 576, 576t
diagnosis of

iliosacral and pubic somatic dysfunction, 
588–589, 589t, 590t

sacroiliac joint somatic dysfunction, 
590–598, 591t–594t, 598t

key concepts, 575
motion and dysfunction

innominates, 582–583
pubes, 583
sacroiliac joint stability, 584
sacroiliac motion, 583–584
self-bracing mechanism, 584
theoretical axes of motion, 583

normal walk cycle motion
integrated physical examination, 586, 587t
muscle testing, 586–587
orthopedic sacroiliac joint testing, 588
sensation testing, 587–588, 588

patient history, 575–576
sacral motion, 584–585, 585t
sacroiliac dysfunction, history of, 576–577
sacroiliac joint epidemiology, 575
treatment, 599–600

soft tissue technique, 774–775, 776
strains and counterstrain techniques, 759–760, 

760
treatment of, 474

Penis, autonomic innervation, 158–159
Perimysium, 102
Peripheral nervous system

autonomic components, 135
compartments of, 229
large-fi ber system

control of, 230
discrimination and proprioception, 229–230
dorsal column–medial lemniscal system, 231

primary afferent neurons, 229, 230
upper extremities, 645–646
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Peripheral tissues, regional lymph drainage, 
195–196, 197, 198

Peripheral vasculature, 141–142
Peritoneal and pleural fl uid, regional lymph 

drainage, 198–199
Peritoneum, 663
Person as a whole, osteopathic philosophy, 

16–17
Personal health care systems, 19–21

commentary, 18–19
component system, 18
natural healing power, 18

Pes anserine bursitis, 633, 633
Pes cavus foot, 619
Pes planus foot, 619
Pharyngitis, 921–922
Physician-assisted suicide (PAS), 391–392
Physiological rhythms/oscillations, 53–54

biological cycles
cellular rhythms, 162
chronobiology, chronopharmacology, 

chronotherapeutics, 163
external time setters, zeitgebers, 162–163

biological rhythmic spectrum
annual/seasonal cycles, 165
autonomic rhythms, 168–169
axoplasmic fl ow, 166
cellular envelope, 170
circadian rhythms, 166–167

and mental health, 167–168
redox state and, 167

defi nitions, 164–165
integument as antenna, 170
monthly cycles (circatrigentan cycles), 

165–166
neurons, impulse trains, 169–170
stem cells, 168
ultradian rhythms, 168

entrainment
biological communication, 174
in biological communications, 170–171
crosstalk, 172
mathematical models

apoptosis, 174
cardiovascular-respiratory control/

congestive heart failure, 174
synthetic genetic oscillators, 173

modulations, mechanisms for 
communication, 171–172

multiple oscillators, 172–173
primary reference oscillator, 172
reviews, 174
tissue entrainment, 171

magnetoreception, 174
osteopathic manipulative medicine, THM 

waves, 174–175
cranial manipulation, 177, 177
vs. cranial palpation, 175–177, 176
CRI, rate of, 179–182, 182, 183
fl owmetry record, variability in, 182, 184
fourth ventricle (CV-4), 178–179, 180, 181
FT magnitude spectra, 180
interrater reliability, 182, 183
laser-Doppler-fl owmetry, 178, 179

Piriformis (PIR)
primary and endpoints, 826
soft tissue technique, 774–775, 776
strains and counterstrain techniques, 760, 760
syndrome, 1013–1014

Placebos, biobehavioral factors, 1068
Plantar fasciitis, 618
Point and pressure techniques

See also Progressive inhibition of 
neuromuscular structures.

antecubital region, 827
femur and gluteal region, 825, 826
head, 825
palpation, 828
shoulder and sternum, 826
xiphoid process, 826

Posterior compartment syndromes, 635
Posterior drawer test, 609, 611
Posterior superior iliac spines (PSIS)

lateral body line, 412
paravertebral muscle mass, 412
thoracic and lumbar spine, 411–412, 412

Posture
cervical spine, 518
compensation, homeostatic process

group curves, 443–444
horizontal plane, 444
mechanics and patterning, 444, 444–445
somatic dysfunction, 445
tensegrity, 443

coronal plane decompensation, 463
defi nitions and principles

base of support and center of gravity, 438, 
438

body unity issues, 439, 440t
optimal, 438–439, 439
pathology, 441, 442t
spinal biomechanics, 439–441

degenerative spondylolisthesis, 480
functional conditions, 471, 473
GSP and decompensation. See Gravitational 

strain pathophysiology (GSP) and 
postural decompensation.

history and, 437
horizontal plane decompensation, 470–471
key concepts, 437
sagittal plane decompensation, 473
scoliosis

braces, 470, 471
classifi cation, reversibility, 467–469
electrical stimulation, 470
osteopathic manipulative treatment (OMT), 

470
surgery, 470, 472
symptoms and screening, 467
treatment principles, bracing, 470

short-leg syndrome
clinical presentation, 463–464, 465
frequency distribution of, 463
treatment considerations, 464–467, 467

spondylolistheses, dysplastic and isthmic
causes

developmental factors, 474
hereditary predisposition, 474

classifi cation of, 475t
diagnosis, 475
radiographic analysis, 476

clinical presentation, 476–477
Meyerding system, 477
neurological fi ndings, 478
palpatory fi ndings, 477–478, 478

treatment principles
clinical outcomes, 480
exercise, 479

medication, 480
orthotics, braces, and casts, 479–480
osteopathic manipulative treatment, 479
patient education, 478–479

Preeclampsia, 962
Prefrontal cortex (PC), 226, 244, 244–245
Pregabalin, 977
Pregnancy

hip pain in, 969
low back pain. See Low back pain, in 

pregnancy
spondylolisthesis, 970

Prenatal period, 298–299
Primary afferent fi bers, 140, 238–239
Primary afferent neurons

central synapse examination
excitatory amino acid (EAA), 236
neuropeptide, 236–237

classifi cation of, 230t
dorsal horn and, 235–236
feed-forward allostatic process, 235
receptors and activating substances, 235t
termination of, 230
touch, 222–223

Primary afferent nociceptors (PAN), 234
Primary care physician (PCP), 335
Primary points. See Point and pressure 

techniques.
Primary respiratory mechanism (PRM). See 

Cranial region.
Primary somatic sensory cortex, 224, 224–225, 

225
Professionalism

altruism and duty, 356
authenticity, 357
brutal facts, 356–357
communication skills, 355
core competency of, 353b
defi nitions of, 354–355
descriptors, 354t
and osteopathic philosophy, 352, 353b
physician personal awareness, 355–356
and staff physician, 355
unprofessional behavior categories, 356

Progressive inhibition of neuromuscular 
structures (PINS)

case study, 821
contraindications and side effects, 830
inhibition, 821–822
key concepts, 820
mechanism of action, 829–830
methods, 823
nonosteopathic point and pressure systems, 

822–823
osteopathic point and pressure 

techniques, 822
procedure, 823–829, 824t, 825–828

Prone knee bending test, 565, 565
Proprioceptive refl exes, 517
Proximal and distal IP joints, 642, 642t
Proximal radioulnar joint, 641
Psoas, sacroiliac dysfunction, 594
Psoas syndrome, 572–573, 1014
Psychoneuroimmunology (PNI)

case study, 281
health behaviors, 280
key concepts, 276
mechanisms, 54–55, 277–278
medical practice, 280–281
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Psychoneuroimmunology (PNI) (Continued)
mood disorders and immune function, 

279–280, 279t
osteopathic philosophy, 277
patient education, 281–282
psychiatric manifestations, 280t
research, 276–277
somatic conditions, 280
stress effects, 278–279
stress management, 55

Psychosis, geriatrics, 310
Pubic bones, 577
Pubic compression, 1101
Pubic fl oor dysfunction, 599
Pubic gapping, 1101
Pubic shear, 1101
Pubic somatic dysfunction, 589, 589t
Pubic symphysis, 577

INR and MFR release, 717, 717–718
Public health

alcohol abuse and misuse, 320
core functions of, 318–319
diet and weight maintenance, 321
exercise, 320–321
motor vehicle safety, 321
of musculoskeletal disorders

economic impact, 326
expenditures, 325
initiatives and prevention strategies, 326
and medical care, 323
mortality, 325t
prevalence, 325
utilization, 325

patient encounter, 319–320
population medicine, trends in, 319
preventive services, recommendations for

categories, 321, 321t
doctor’s role, 322
patient’s role, 322
society’s role, 322
strength of, 321–322

safe workplaces, 321
stress, 321
tenets and principles, 318
tobacco use, 320
vaccinations and immunizations, 320

Pulsed electric device (PEMF) 
stimulation, 958

Pulses, upper extremities, 647, 648t

Q
Q-angle, 610–611, 611
Qualitative measurements, osteopathic research, 

1070
Quality of life, 319
Quantitative measurements, osteopathic 

research, 1070
Questionnaires, sleep behavior, 1066

R
Radial head somatic dysfunction, 655, 655, 656
Radial nerve, 646
Radiculopathy, 621
Radiocarpal joint, 641
Radionuclide imaging, 570–571
Randomization in research, 1069, 1081
Range of motion

See also Regional range-of-motion testing, 
screening examination.

knee, 107
musculoskeletal system, 106
spine, 112, 112–114

Reciprocal inhibition, 685
Recruitment, 103
Rectus abdominis muscle, 210, 215
Redox state and circadian rhythms, 167
Referred pain, 1003
Refl ex sympathetic dystrophy, 806
Refl exes, 119–121, 120, 121

arcs
autonomic, 136, 136
somatic, 135–136

cervico-ocular, 913
excitability, 127
interactions, 121–123, 122
of Morley, 662, 662
somatovisceral, 126, 126, 887
structure, 120–121
upper extremities, 647–648, 648t
vestibulocollic, 913
vestibuloocular, 913
vestibulospinal, 913
viscerosomatic, 896

Regional extension, 1091
Regional fl exion, 1093
Regional range-of-motion testing, screening 

examination
cervical region, 417–418, 418–421, 420
hip drop test, 426, 427
iliosacral motion, 427, 427–428
lumbar region, 425–426, 425–427
rib motion, 422, 423–425, 424–425
sacral motion, 428, 429
sacroiliac motion, 428, 428
symptom exacerbation/remission, 428, 430, 

430t
thoracic region, 420–422, 421–423

Relative risk (RR), 397, 397t
Relaxation in biomechanics, 97
Relaxin, in pregnancy, 968
Reliability studies, 1082
Renal function tests, 572
Reproductive tract, 157, 157
Research, osteopathic

biobehavioral mechanisms
basic research, 1068–1069, 1070
design and implementation, 1069t

group selection, 1070
instrumentation, 1070
intent to treat, 1070
maturation, 1070
measurement variance, 1070
multiple treatment, 1070

clinical trials, special considerations
blinding, 1048
interpreting results, 1048–1049
OMT technique selection, 1048
placebo, 1047–1048

development and support
biostatistical and design issues, 1057
clinician and basic science collaboration, 

1060
consolidating resources

cervical spine manipulation, 1056
focused research forum process, 1056
MOPSE project, 1055–1056

observational studies, 1056
status of OMM research, 1056

fi nance for, 1060–1061
historical perspective, 1054–1055
key concepts, 1053
mentors and collaborators, 1057
pilot studies, 1058
principles of research, 1057
research done during medical student 

training, 1058–1059
research done during residency training, 

1058
research done in dual-degree programs, 

1059
student and resident research projects, 1059
types of research, 1057
unique aspects, 1053–1054

foundations for
case studies, 1030
clinical research

blinding, 1035
control groups, 1035–1036
dependent variables, 1036–1037
dropouts, 1036
gold standard, 1034
inclusion and exclusion criteria, 1036
pilot vs. full studies, 1036
pitfalls, 1037
population selection, 1035
study size and power, 1036
validity and bias, 1034–1035

defi nitions, 1023–1024
design

between-subject, 1031–1032
experimental, 1031
hypothesis, 1029–1030
literature search, 1029
observation, 1029
study design, 1030
within-subject and crossover, 1032–1033

development
1874–1939, 1021
1940–1969, 1022
1970–2000, 1022
2001–2007, 1022–1023
2008 onward, 1023

ethical considerations, 1024
institutional review board authority, 

1024–1025
animal protection, 1025
applications for research, 1025
considerations, 1024–1025

Irvine study, 1027
key concepts, 1021
manipulative techniques, 1027
professional knowledge, 1024
statistics, 1033–1034
studies of manipulative treatment, 

1027–1028
total osteopathic care studies, 1028
types

basic science, 1025
epidemiology and outcome studies, 1027
integrative model building, 1026
qualitative studies, 1026–1027
research in other institutions and 

professions, 1025–1026
research on manipulation, 1027
synthesis and meta-analysis, 1026
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future challanges
academic institutions

faculty, 1078–1079
schools, 1077–1078
students, 1079–1080

benefi ts of manipulative treatment, 1084
design of study, shams and placebos, 

1080–1082
key concepts, 1075
philosophy, 1083
at present, 1076–1077
priorities, 1082–1083
research networks, 1080
self-regulation in health, 1084
somatic dysfunction

roles for, 1083–1084
total nature of, 1084

priorities in
key concepts, 1039
OMM research funding and resource 

allocation, 1049–1050
OMM research training, 1050
research domains and strategies

clinical effi cacy vs. mechanistic research, 
1046–1047

conferences, 1049
improving research sophistication, 1049
musculoskeletal vs. systemic disease, 1047
OMM research activities, 1043–1046, 

1044–1045t
research leadership, 1043
special considerations in clinical trials, 

1047–1048
21st century, 1040–1041

NIH funding of manual therapies, 1042, 
1042t

osteopathic research task force, 
1040–1041, 1041t

20th century, 1039–1040
Resource allocation, 1049–1050
Respiration

and circulation
asthma, 883–888
muscle energy assistance, 685

mechanics of, 54
Respiratory mechanics

accessory muscles of
abdominal muscles, 213
limb girdle muscles, 213–214, 218
oropharyngeal muscles and movements, 

214, 219
anatomy of

external intercostal muscle, 206, 209
external oblique muscle, 208–209, 212
innermost intercostal muscles, 208, 210
internal intercostal muscles, 207–208, 210
internal oblique muscle, 209, 213
levatores costarum, 208, 211
rectus abdominis muscle, 210, 215
scalene muscles, 206, 207, 208
subcostal muscles, 208
transverses thoracis, 208, 210
transversus abdominis muscle, 209–210, 214

defi nition of, 206, 207
function of, intercostal, scalene, and abdominal 

muscles, 210–211
importance of, in osteopathic manipulative 

medicine, 206
muscle pathology

airway diseases, COPD structural changes, 
215–217, 219

COPD, biochemical changes in
downward cascade associated with, 

218–219
system infl uences, 217–218

kyphosis, 220
obesity

structural changes, 219, 219–220
systemic disease, 220

thoracic cylinder, pumphead in
diaphragm, function of, 212–213, 217
thoracoabdominal diaphragm, 211–212, 

216–217
Respiratory muscle fatigue, 934
Respiratory plexus, 145, 146
Respiratory-circulatory model

abdominal pain, 1002
asthma, 886
Biomechanical model, 970
CGH, 942
chronic pain management, 265
in COPD, 934–935, 935
dementia, 879–880
dizziness, 916
indications and contraindications, 793, 793, 

796, 794t–795t
low back pain, in pregnancy, 970
lower extremity edema, in pregnancy, 964
multiple small joint disease, 956–957
myalgia, 977
neck pain, 983–984, 984b
pain and depression, 906
in patient assessment and treatment, 5–6
principles of diagnosis, 796, 796–797
rhinosinusitis, 996
safety and effi cacy, 796
shoulder pain, 949–950
treatment

evidence-based physiological outcomes of, 
798–799

mechanisms of, 797–798, 798
principles of, 797
technique order

diaphragm redoming, 801t, 803–804
freeing lymphatic pathways, 799–800, 

800t, 803, 803
lymphatic pump augumentation, 

801t–802t, 804
mobilizing targeted lymphaticovenous 

congestion, 802t, 804–805
Reversible airway obstruction. See Intermittent 

airway obstruction.
Rexed layers, 122, 122
Rheumatoid arthritis, 956
Rhinitis medicamentosa, 994
Rhinosinusitis

anatomical considerations, 991
antibiotic therapy, 995
case study, 990–991
defi nition, 994
diagnosis, 994
factors infl uencing

airway patency, 994
mucociliary transport, 994–995

key concepts, 990
lymphatic system, head and neck, 993, 993–994
mucociliary transport, upper respiratory 

system, 991–992, 992

nervous system, nose and paranasal sinuses, 
992–993, 993

osteopathic patient management, 996–997
Rhythms. See Physiological rhythms/oscillations.
Rib axis

functional anterior-posterior, 1102
functional transverse, 1102

Rib cage, 414–415, 415. See also Thoracic region, 
and rib cage.

INR and MFR release, 720, 720
Ribs

articulatory techniques, 783, 783
facilitated positional release (FPR), 819, 820
HVLA treatment, 680, 680–681
motion, 422, 423–425, 424–425
muscle energy techniques, 695–696, 696
myofascial release, 715, 715, 720, 720, 

723–724, 724
soft tissue technique, 782–783, 783
Still technique, 851, 851
strains and counterstrain techniques, 758–759, 

759
Risk factors, biobehavioral mechanisms, 1066
Rivastigmine, 880
Rotation test, for atlas motion, 522
Rotator cuff

INR and MFR release, 719
tendonitis, 658

Russia, 52

S
Sacral divisions

anatomical, 1103
clinical, 1104

Sacral extension, 1092, 1106
bilateral, 1104

Sacral fl exion, 1093, 1106
bilateral, 1104

Sacral motion, 428, 429, 584–585, 585t
axes of, 1103

Sacral transverse axes, 1103
Sacroiliac joint

pain, 1014
testing, 588

Sacroiliac joint (SIJ) somatic dysfunction
causes of, 598–599
diagnosis

Chicago model, 591–592, 592t
ilia, 593
Mitchell model, 590–591, 594t
pelvic sideshift, 592
psoas, 594
pubes, 593–594
SI articulation, 590, 591t
Still model, 593, 593t

treatment, 599–600
Sacroiliac motion, 428, 428
Sacroiliac somatic dysfunction, 677–678, 678
Sacrotuberous ligament, 578
Sacrum

anterior, 1104
articulatory techniques, 774, 775, 776
functional technique, 837–838, 837–839
HVLA treatment, 677–678, 678
mobility of, 731, 735
muscle energy techniques

bilateral and unilateral extended sacrum, 
692, 692
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Sacrum (Continued)
motion test, 689–691, 690
relative position, 689, 689
torsion, anterior nad posterior, 691, 691–692

myofascial release, 716, 716–717, 720–721, 
721, 725, 725

posterior, 1105
rotated dysfunction of, 1106
soft tissue technique, 774, 774
strains and counterstrain techniques, 760, 760

Scalene muscles, 206, 207, 208
Scalene stretching, 782–783, 783
Scapulofascial release, 722, 722
Scapulothoracic joint, 640
Schober test, 566, 566
School age child, 301–302, 301t, 302t
Scintigraphy, lumbar region, 570–571
Sclerotomal innervations, anterior and posterior, 

1107
Sclerotomes, lumbar, 558
Scoliosis, 1107

braces, 470, 471
classifi cation, reversibility, 467–469
electrical stimulation, 470
osteopathic manipulative treatment (OMT), 

470
surgery, 470, 472
symptoms and screening, 467
treatment principles, bracing, 470

Scotty dog, 570
Screening examination

mid-gravity lines
anterior, 416–417
components, 417t
lateral, 417
posterior, 416

posterior superior iliac spines (PSIS)
lateral body line, 412
paravertebral muscle mass, 412
thoracic and lumbar spine, 411–412, 412

regional range-of-motion testing
cervical region, 417–418, 418–421, 420
hip drop test, 426, 427
iliosacral motion, 427, 427–428
lumbar region, 425–426, 425–427
rib motion, 422, 423–425, 424–425
sacral motion, 428, 429
sacroiliac motion, 428, 428
symptom exacerbation/remission, 428, 430, 

430t
thoracic region, 420–422, 421–423

scapular landmarks, 412–416
static postural examination

body symmetry
ankles and feet, 410
gluteal region, 411
iliac crests, 411
knees, 410
legs, 410
posterior landmarks of, 411
thigh, 410

observation, 410
Seated segmental motion testing, 563–564
Second-messenger, 135, 237, 255
Segmental dysfunction, of lumbar spine, 

563–564
Segmental motion testing

arthrodial restriction, 434–435
edema-causing restriction, 435

end feel concept
key lesion, 436
primary and secondary somatic dysfunction, 

436
fascial and ligamentous restriction, 435
muscular restriction

back muscles, 435
deep segmental spinal muscles, 435
intermediate spinal muscles, 435

vertebral unit, 431–434
Self-bracing mechanism

lumbar, 552, 553t–554t
pelvis and sacrum, 584

Self-regulation in health, 1084
Sensitivity, 396
Sensitization

primary afferent nociceptor, 235, 237
refl ex, 126

Sensory examination, chronic pain management, 
263

Sexual activity
biobehavioral mechanisms, 1065
health promotion, 382–383

Sexually transmitted diseases, 382–383
Sham treatment, 1081–1082
Shear

sacral, 595
stress, 95

bone fracture, 99
symphyseal, 718

Sherrington, Charles, 119–120
Shiatsu, 822
Shober test, 425, 426
Short-leg syndrome, 1014

clinical presentation, 463–464, 465
frequency distribution of, 463
treatment considerations, 464–467, 467

Shoulder, 413, 415, 415, 416
biomechanics, 110–111, 111
evaluation, 520–522
myofascial release technique, 719
outcomes research, 951
pain in athlete. See Joint injury.
primary and endpoints, 826
Spencer technique, 779–782, 780–782

Sidebent, 1107
Signal transduction, 172
Sinoatrial (SA) node, 144
Sinu vertebral nerves, lumbar, 557
Sinus tarsi, 616
Sinuses

ethmoid, 486
frontal, 486
maxillary, 487
nose and paranasal, 990–997, 992, 993, 995
paranasal, 486
physical examination, 505
sphenoid, 486–487

Sinusitis, 506–507, 921
Sinuvertebral nerve, 517
Skeletal muscle, 61, 65

biomechanics, 102, 102–104, 103
Skiagraphy, 1021
Skin

aging, 304
small-fi ber system, 233
topography and texture, 401–402

Skull suture, 66
Sleep, biobehavioral mechanisms, 1066

Slump test, 565, 566
Small-fi ber system

activation, 234, 234, 236
anterolateral/spinothalamic system, 232
dorsal horn, 230–231, 233
location

annulus fi brosis, 234
blood vessels, 233
joints, 233
meninges, 234
muscle, 233
nerves, 233
skin and fascia, 233
tendon, 233
viscera, 234

output of, 233
Smallpox, 13
SOAP method, 329t, 350, 1076
Soft tissue technique

basic principles, 765
case study, 763
cervicothoracic inhibition technique, 763, 764
contraindications, 765
defi nition, 763
history, 764
indications, 764–765
key concepts, 763
treatment

abdominal, 783–784, 784
cervical dysfunction, 771, 771
head and suboccipital dysfunction, 769, 770, 

771
lower extremity, 777, 778
lumbar dysfunction, 773, 773
pelvic dysfunction, 774–775, 776
rib dysfunction, 782–783, 783
sacral dysfunction, 774, 774
thoracic dysfunction, 772, 772
upper extremity, 778–779, 779

types
inhibition, 767, 767–768
parallel traction, 766, 766
perpendicular traction, 767, 767

Soft tissues, spinal movement, 111–112
Somatic dysfunction, 53, 670

A-C joint, 652–653
clavicle, 652
elbow, 653, 653–654
forearm, 654–655, 654–656
glenohumeral joint, 652
hand, 656–657
iliosacral, 588, 588–589
lumbar, 557
and lung disease, 933–934
metatarsal and phalageal, 619–620, 620
palpation, signs of, 405t
postural compensation, 445
in pregnancy, 963
primary and secondary, 436
pubic, 589, 589t
of sacrum, 594–596, 594t

anterior and posterior, 596
bilateral sacral fl exion and extension, 595
forward and backward torsions, 594–595
sacral shears, 595
sacral torsions, 594
unilateral sacral fl exion and extension, 

595–596
in single plane, 1089
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sternoclavicular joint, 653
treatment of, 524–525
types of, 434

Somatic refl ex arc, 135, 135–136
Somatic sensory cortex (SCC), 242, 242–243
Somatosympathetic nerves, lumbar, 557
Somatosympathetic refl exes, 125, 126
Somatovisceral refl exes

asthma, 887
characteristics of, 126

Somite differentiation, neuromusculoskeletal 
development, 56, 57

Specifi city, 396
Spencer, Charles H., articulatory techniques, 

779–782, 780–782
Sphenobasilar symphysis, 744–745, 744–745
Sphenobasilar synchondrosis (SBS), 503, 1108
Sphenopalatine ganglion, 497
Sphinx test, 690, 690
Spinal canal, 549
Spinal cord

anterolateral system in, 240, 240
and brainstem pathways, 224
innervation of, 555, 555
and pain, 235, 236
and plexuses, 60
primary afferent fi bers and, 238–239, 239

Spinal facilitation, 53
Spinal muscles

deep segmental, 435
intermediate, 435

Spine
biomechanics

atlas and axis, 114
cervical spine, 114, 115
intervertebral discs, 112
loading, 114
lumbar spine, 114
range of motion, 112, 112–114
soft tissues, 111–112
translation and rotation, 114–115
vertebrae movements and motion coupling, 

113, 113
nerves

and nerve roots, 555–556, 556
segmental organization, 57, 58

neutral position, 1096
and paravertebral tissues, palpatory 

examination, 408
thoracic/lumbar, physiologic motion of

neutral position, 1099
non-neutral position, 1100

Spinoreticular tracts, 240
Spinothalamic pathways, pain management, 240
Spinothalamic tract, 240
Spirituality and health care

defi nition, 365–366
paradigm shift, 368
patient care, 368, 369b
prayer, healing, and miracles, 366–368, 367
science and religion, 366

Spleen, 790
Spondylolisthesis, 970

causes
developmental factors, 474
hereditary predisposition, 474

classifi cation of, 475t
degenerative, 480
diagnosis, 475

radiographic analysis, 476
clinical presentation, 476–477
Meyerding system, 477
neurological fi ndings, 478
palpatory fi ndings, 477–478, 478

treatment principles
clinical outcomes, 480
exercise, 479
medication, 480
orthotics, braces, and casts, 479–480
osteopathic manipulative treatment, 479
patient education, 478–479

Sprain
ligamentous, 605
supination ankle, 635–637, 636

Sprays, vapocoolant, 479, 480, 628, 822
Spring test

lumbosacral, 595
spine, 689–690, 690

Spurling maneuver, cervical spine, 520
Spurling sign, 520
Statistics, in research, 1033–1034, 1071–1072
Stem cells, biological rhythmic spectrum, 168
Sternoclavicular joint, 641, 649–650

anatomy, 641
somatic dysfunction, 653

Sternum, primary and endpoints, 826
Stiffness, biomechanical, 96
Still, Andrew Taylor, 4, 7, 9–11, 10, 11, 

23–26, 24
abdominal OMT, 660
education and growth, 26, 26–30, 27, 28
model, 593, 593t
research in OMT, 1021
technique

case study, 849–850
history, 850–851
key concepts, 849
ribs, 851, 851
thoracic segmental dysfunction, 851–852, 

852
Stoic patient, 752
Straight leg raising test, 564–565, 565
Strains

in biomechanics, 96, 96
and counterstrain techniques

case study, 749
clinical tips, 756b
defi nition, 749–750
diagnoses and treatments

cervical spine, 758, 758
lower extremities, 760–761, 761
lumbar spine, 759, 759
occipitocervical region, 758, 758
pelvis, 759–760, 760
ribs, 758–759, 759
sacral region, 760, 760
thoracic spine, 758, 759
upper extremities, 760, 760

diagnosis, 752
history, 750
model evolution, 757
palpatory development phases, 752
patient education, 756–757
tender vs. trigger points, 750, 750t
theoretical physiologic basis of

contraindications, 751–752
indications, 751

treatment steps

monitor tender point tenderness and tissue 
texture, 754

passive slow return, 756
patient positioning, 754–755
reevaluate tenderness and tissue texture, 756
relevant tender points, 753
tenderness scale, 754

cranial, 737–738, 737–738
Stress, 96

alcohol, 290–291, 292t, 293t
anxiety, 288–290
biobehavioral mechanisms, 1065
biomechanics, 95, 95
and bone fracture, 98–99
chronic pain management, 257

nested systems, 258
defi nition of, 284–285
depression, 286–288
fascial response, 89
in ligaments and tendons, 102
and pain, 248
psychoneuroimmunology (PNI), 55, 278–279
Social Readjustment Scale, 285t

Subcostal muscles, 208
Subluxation, iliosacral, 588–589
Suboccipital region, 499. See also Head and 

suboccipital region.
Substance abuse, 381

alcohol, 12, 290–291
biobehavioral mechanisms, 1065, 1067
illegal drugs, 381
tobacco, 381–382

Substance P
in nociception, 140, 258
primary afferent fi bers, 143
respiratory-circulatory model, 906

Summation, 103
Sun exposure, 1067
Support groups

pain management, 268
stress management, 291

Support personnel, for research, 1077
Supraspinatus, strains and counterstrain 

techniques, 760, 760
Surgery

key concepts, 999
postoperative complications, 959

Surveillance, biobehavioral mechanisms, 1065, 
1068

Sutherland, William G., 728–730
Sweat glands and connective tissue, 142
Swelling, in pregnancy, 961–965, 962b
Switzerland, 51–52
Sydenham, medical practices, 9
Sympathetic nervous system, 138–139, 

491–493, 498
cervical, 516–517
heart innervation, 123, 123–124, 124
lumbar, 557

Sympathetics, 645
Symphysis, 66

pubis, 577, 660, 717
Synovial and nonsynovial joints, 65–66, 65–67
Systemic disease, effi cacy of OMT, 1047

T
T lymphocytes, 279, 790, 799
Tactile sensation, 222, 223, 224
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Talocrural and talocalcaneal joints. See Ankle.
Tarsal somatic dysfunction, 619–620, 620
Teeth, 487–489
Temperature

and muscle contraction, 104
palpation, 401, 402

Tempomandibular joint (TMJ), 490, 502–503
syndrome, 510–511

Temporal bone dysfunction, new born, 509
Temporomandibular joint dysfunction (TMD), 

922
Tender points. See Strains, and counterstrain 

techniques.
Tenderness, asymmetry, range-of-motion 

differences, and tissue texture changes 
(TART), 834

abdominal, 662
Tendon tap refl ex, 120, 121
Tendonitis, bicipital, 1008
Tendonosis, 658
Tendons

biomechanics, 101, 101–102
palpation of, 402
small-fi ber system, 233

Tennis elbow, 658
Tensegrity, 443
Tension headaches, 507–508, 508t
Terminology

functional technique, 831–832
glossary, 749, 1087–1110

Testis, ANS regional distribution, 157–158
Tetanus toxin transport by nerve terminals, 130
Tetany, 103
Tethering, 709, 709b
Thalamic representation, of pain, 240, 241
Theatre cocktail syndrome, 473
Thigh, 413, 415

body symmetry, 410
Thomas test, 567, 567, 1001
Thoracic and lumbar spine, PSIS, 411–412, 412
Thoracic duct innervation, 148
Thoracic outlet syndrome, 658–659
Thoracic region, 420–422, 421–423

facilitated positional release (FPR)
segmental somatic dysfunction, 817–818, 

818
T8 ESRRR technique, 818, 818–819

and rib cage
anatomy and physiology

connective tissue and fascia, 537
lymphatics, 536, 537
muscles, 530, 531t–535t, 536, 536, 537
neural structures, 538, 538–539
skeletal, 528–530, 529, 530
vascular structures, 537–538
visceral considerations, 539

biomechanical considerations
clinical characteristics of, 540–541
nonphysiologic motion, 539–540
physiologic motion, 539, 539, 540

defi nition, 528
Thoracoabdominal diaphragm, 211–212, 

216–217
Thoracoabdominal region, lymphatic fl ow, 

803–804
Thoracolumbar aponeurosis, 552, 552
Thoracolumbar region

INR and MFR release, 716, 716
strains and counterstrain techniques, 758, 759

Thorax
ANS regional distribution, 143–148
articulatory techniques, 772, 772–773
functional technique, 837–838, 837–839
HVLA treatment, 675–676, 675–676
muscle energy techniques, 688, 688
myofascial release, 715, 715, 720, 720, 

723–724, 724
regional lymph drainage, 196, 198, 199–200
soft tissue technique, 772, 772
Still technique, 851–852, 852
strains and counterstrain techniques, 758, 759

Throat, 499
Thrombophlebitis, 963
Thrust (high-velocity/low-amplitude) 

techniques
barrier mechanics, 670, 670–671
benefi ts of, 672
case study, 669
defi nition, 669
dosage, 672
historic perspective, 669–670
key concepts, 669
methodology, 672
precautions and contraindications, 672–673
regional treatment

cervical somatic dysfunction, 674, 674–675, 
675

head-suboccipital somatic dysfunction, 
673–674, 674

lower extremity somatic dysfunction, 
678–679, 679

lumbar somatic dysfunction, 676–677, 
676–677

rib somatic dysfunction, 680, 680–681
sacroiliac somatic dysfunction, 677–678, 678
thoracic somatic dysfunction, 675–676, 

675–676
tibio-talar tug, 679, 679
upper extremity somatic dysfunction, 

679–680, 679–680
somatic dysfunction, 670
treatment mechanism, 671, 671b
variability of, 669

Thymus, 790. See also Lymphatic system
Thyroid gland, 79, 491, 493
Thyroiditis, 923
Tibiofemoral joint. See Knee
Tibio-talar tug, HVLA treatment, 679, 679
Tight-loose concept exercise, 709–710, 709b
Time commitments for research, 1077
Tinel sign, 657, 955
Tinnitus, 359, 362, 366, 492
Tissue entrainment, 171
Tissue fl uid homeostasis and lymphatic system, 

192
Tissue repair and fi brosis

fascial response to stress, 89
mechanotransduction, actin role, 89–90
strain direction, 90

Tissue texture changes
facilitated positional release (FPR), 815–816
palpation of, 408

Tobacco, 381–382
biobehavioral mechanisms, 1065, 1067
public health, 320

Tolerance, pain managemen, 245
Tonsillitis, 921
Tonsils, 790. See also Lymphatic system

Torque, 94, 105
Torsion, 1105

bone fracture, 506
sacral, 1105
stress, 95

Torticollis, 525
Touch, 54

anatomy and physiology, 221–222
neural code to perception, 225–226, 226
in osteopathic medicine, 221, 222
perception

to cognition, 226
to emotion, 226

physical stimulus to neural code, 222, 
222–225, 224, 225

dorsal root entry zone, 222
sensory endings, tactile sensation, 222
somatic sensory cortex, 224, 225
spinal cord and brainstem pathways, 224

as primary sensation, 221
signifi cance of, 221

Toxicity and Exposure Assessment for 
Children’s Health (TEACH), 333b

Trachea, lymphatic fl ow, 991
Transcutaneous nerve stimulation (TNS), 

972
Transforming growth factor-b, 88–89
Transient ischemic attack, 911
Transverse processes, 547
Transverse tarsal joint, 616–617
Transverses thoracis, 208, 210
Transversus abdominis muscle, 209–210, 214
Trapezius muscle, 515
Traube-Hering-Mayer (THM) waveform, 

174–175, 175
cranial manipulation, 177, 177
vs. cranial palpation, 175–177, 176
CRI, rate of, 179–182, 182, 183
fl owmetry record, variability in, 

182, 184
fourth ventricle (CV-4), 178–179, 180, 181
FT magnitude spectra, 180
interrater reliability, 182, 183
laser-Doppler-fl owmetry, 178, 179

Trauma
cranial, 738, 741
neck pain treatment, 523
rotator cuff tendonitis, 658

Travell, Janet, 822
Trendelenburg test, 448t, 903, 906
Triceps refl ex, 648
Trigeminal nerve, 940–941
Trigeminal nucleus caudalis (TNC), 941
Trigger points

lower extremities, 622, 628
myofascial, 336, 491

patterns, 628
strain and counterstrain, 652
Travell points, 445

vs. tender points, 750t
Trochanteric bursitis, 632–633, 633
Trunk and limbs, ANS regional distribution

sweat glands and connective tissue, 142
vasculature, peripheral, 141–142

Trunk development, 57–58, 58
Tuberculosis, 560, 981
Tumor necrosis factor, 85, 207, 237
Twitch, 103
Tyrosine hydroxylase, 155
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U
Ulnar nerve, 646
Ulnohumeral and radiocarpal dysfunction, 654, 

654–655
Ulnohumeral joint, 641
Ultradian rhythms, 168
United Kingdom, 48–49
United States Department of Agriculture 

(USDA) Pyramid, 379
Upper extremities

anatomy of
arterial supply, 644
brachial plexus, 645
lymphatic drainage, 644–645, 645
muscles, 642–644, 643t, 644t
nerves and nerve entrapment, 645–646
skeletal and arthrodial structures, 640–642
sympathetics, 645
venous supply, 644

articulatory techniques, 779–782, 780–782
diagnosis

motion testing, 648–651, 650t
motor strength, 648, 649t
refl exes, 647–648, 648t

elbow and forearm, 651
HVLA treatment, 679, 679–680
key concepts, 640
muscle energy techniques, 695, 695
myofascial release, 718–719, 719, 722, 722, 

723, 723–724, 724
regional lymph drainage, 197
soft tissue technique, 778–779, 779
strains and counterstrain techniques, 760, 760
tests for, 657
treatment

adhesive capsulitis, 658
Carpal Tunnel syndrome, 657
rotator cuff tendonitis, 658
tennis elbow, 658
thoracic outlet syndrome, 658–659

wrist and hand, 651–656, 651–657
Upper limbs, 58–59, 59–61, 61
Ureter, 154–155
Urinalysis, 572
Urinary bladder, 155–157, 156
Urinary tract infection, 963
U.S. Preventive Services Task Force (USPSTF), 

321, 321t
Uterine tube, autonomic innervation, 158
Uterus

autonomic innervation, 158
osteopathic manipulation, 958

V
Vaccinations

classic osteopathic philosophy and patient 
care, 13

and immunizations, public health, 320
Vagal refl ex, 936

Vagina, autonomic innervation, 158
Vagus nerve

cardiovascular innervation, 123
esophageal plexus, 146–147
thoracic duct innervation, 148

Valgus stress testing, 608, 610
Validity in clinical research, 1034–1035
Valveless vertebral venous plexus, 580, 581
Vapocoolant spray, 479, 480, 628, 822
Varicosities in pregnancy, 962
Vascular dementia, 877, 879–880
Vascular system

abdominal region, 662–663, 663
lower extremities, 631–632, 632

Vasoactive intestinal polypeptide, 143, 146, 152
Vasodilators, 898
Vectors, force and motion, 94
Veins, 72
Venous drainage, 494–495, 498
Ventilation, control of, 487
Vermiform appendix, 790
Vertebrae

rotation, 412, 435, 456, 1103
spinal movement, 113
thoracic, 529, 531t, 533t

Vertebral arteries, 494
Vertebral body, lumbar, 547
Vertebral unit, 558, 558, 1110

defi nition, 431, 431
Fryette type I mechanics, 433
Fryette type II mechanics, 433
Fryette’s principles, 431–432
movements, 432t
neutral range, 432, 432
nonneutral mechanics, 432, 433b
somatic dysfunction, 434
spinal mechanics

classic, 433
laws of, 433–434, 434

type I dysfunctions, 433
type II dysfunctions, 433

Vertigo, 498, 509
Vestibular Schwannoma. See Acoustic neuroma.
Vestibular system, 911–912, 912–914
Vestibulocollic refl ex (VCR), 913
Vestibuloocular refl ex, 913
Vestibulospinal refl ex, 913
Virulence and pathogenicity, 12
Viscera

abdominal, 1003
dysfunction, 539
fascia, 78–80, 82, 83
gall bladder, 580
ligaments, 80–81
lymphoid tissues, 790
manipulation

bronchus and airways, 848, 848–849
case study, 845, 849
defi nition, 845
history, 845–846

indications, contraindications and 
complications, 848

key concepts, 845
palpation and diagnosis, 848
theoretical considerations, 846–847

pelvic, 965
small-fi ber system, 234
structures, abdominal region, 664, 665
thoracic, 536, 537

Viscerosomatic integration, 53
Viscerosomatic refl exes, 896
Viscoelasticity

of articular cartilage, 100
in biomechanics, 96–97, 97
of ligaments and tendons, 101, 101

Visual analogue scale, 543
Visual and proprioceptive systems, 912–913
Vitamin E defi ciency, 887

W
Walk cycle, 585–587
Wallace, Alfred Russel, 13
“Warming up,” and muscle contraction, 104
Warmth provocative test, 792, 793
Water cure, 25
Wear damage, articular cartilage, 100
Wheezing, 885
Whiplash, 525
Whiplash-associated disorder (WAD), and neck 

pain, 982
Whole patient assessment, end of life care, 388
Wind-up phenomenon, 126, 128
Wiplash-associated disorder (WAD), 913
Wolff law, 702
Wrist

anatomy, 641, 651, 651, 652
INR and MFR release, 721, 721
motions, 641, 642t
muscles and nerves of, 644t
somatic dysfunction of, 655–656, 656

Wristberg ganglion, 144
Writing and publication of research, 1033–1034

X
Xiphoid process, primary and endpoints, 826
X-rays

cervical spine, 522–523
of lumbar spine, 570

Y
Yeast infections, in infants, 922
Yergason test, 1007

Z
Zinc defi ciency, 304
Zygapophyseal joint tropism, 548
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